APPARATUS ADAPTED TO PERFORM AS COVPRESSOR MOTOR PUMP  AND | NTERNAL
COMBUSTI ON ENG NE. TECHANI CAL FI ELD: This invention relates to a ro
general ly Lary apparatus, adapted to perform as conpressor, punp, notor
nmetering device or an internal conbustion engine and nore particularly to a
radi al vane type rotary fluid handling device characterized by two sl eeves
fitted wth vanes such that they are independent of each other and
relative MEPARATEISVAPARYIED VPOCRERKOTMCAS! COMBREYSCORMOK PN
cycl es.
typi cal 1!51!_ NAL COMBUSTIONENGINE.cr nal  conbust i on engi nes,
conpressor etc, using parts described further The parts and their

arrangenment in this apparatus is such that it is possible to achieve

di f f erent Wﬂ@ag its operation, by novement of a set of cam

f ol I ower sipisiif ice: RY. OF THE | NVENTI.ON: A rotary apparatus,
adapted to péﬁ%ﬁ% g"?‘*%@ﬁ%@f&%{"‘% ARPAra s B‘E“,Pteﬂg‘i}lBFrif?fQ“ PeRATYRCHSPT,  an

i nternal penpusttoometerin dwice OFRH infdrAd cBfbisien bASKY drd3hory ﬁ&%tﬂaﬁg@o ol | ow
cylindric sl eeyes holjlilow cylindrical liner, cams and assocl at ed

l,. , ) ! ¢
| nkages,r%c BFThEPe TR Huid bepdliog dexicg dbprarterigedaiyr b sleevtes fittedi Wity anes ar e
fitted onvins hith I s droShacoBlRnOdr P ol Folative HGiok MG FAFN6S | CoVe:

such that, the vanes are radial to sleeve s curved surface a

the ends 1®Psedde pohisvedhesmpdynemistga cyeles.t hat hal f of the vane's surface
protrudes out of the sleeve's end; and the said ends, fitted wth vanes

are placed adjacent, with the vanes angularly displaced so that said vanes

are di splGBEECTIVFNORTHEINVENTION: defined angle at all tines; said
at .their axis, the one passing through the center of

sl eeves pl.aced t ]
their ené%gu?wg\%é@, FyS IR BREVE | dypieadi gpsceliclee@s Sur doaversionhle iemble vanes
are attaem&smﬁehgﬁes§é&ﬁx@5§or&c§uﬁﬁgga@%tsoﬁbtedmg s rotation of the

e” " sal [

adj acent ﬁane and_ sl eeve,” about 't axis; a ner is provide; said
liner al & & Pats and their Airiapgesment i thiwappardoy insach tiatitds pbible $@bchiévener ' s

ot at i o pRRg g s B E RR o i ROV einéd 8F 8 Ser o chr gy St o axi s
sai d vanésyiei vi de the said enclosure forned inside the liner into two

seal ed chanbers and enclosure is -sealed from spaces outside the encl osure;

said two
SUMMARY OF THE INVENTION:

- A rotary apparatus, adapted to perform as, compressor, pump, motor, metering device or

gas
e a

v

an internal combustion engine comprising of two identical vanes, two hollow cylindrical
sleeves, hollow cylindrical liner, cams and associated linkages, couplings, shaft, clutch
and braking arrangement; said vanes are fitted on to the curved surface of the sleeves,
one vane on each sleeve, such that the vanes are radial to sleeve’s curved surface and at
one of the ends of each sleeve in such a way that half of the vane’s surface protrudes out
of the sleeve’s end; and the said ends, fitted with vanes are placed adjacent, with the
vanes angularly displaced so that said vanes are displaced from each other by a defined
angle at all times; said sleeves so placed that their axis, the one passing through the center
of their end surfaces, lay on one line; said curved surfaces where the vanes are attached
on the sleeves, is such that it allows rotation of the adjacent vane and sleeve, about the
said axis; a liner is provide; said liner along with the sleeve surface to form an enclosure;

said liner’s inner surface is contoured along the path traced by vane edge while rotating
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sl eeves, are coupled and uncupled with. a shaft by nmeans of coupling
arrangenent actuated by cane; said cans are placed on and, or driven by
the sl eeves; said cans actuate said bral cing arrangenent such that each
vane is held at a predeterm ned position alternately, and the vanes are
free to rotate through an defined angle alternately; said cans allows both
vanes to rotate sinmultaneously through an predefined angle and defines the
angl e by i cp t he, vapes are separated, rotated sinultaneously or .
i ndependenfi thespidexisiasidyanps dividerthersad exRsnmESmed; igside the Hiowsingi twil | f i ed
fig. depicicalrg BhB¥aELI | ey I .. FHg 2- shows. .sinplified
fig. depicting el egif% iag? egﬂ s"{ %‘es vFQ%oﬁ S$ Efcgsg\réﬁﬁda dﬁe-ge%%%e’ s??‘ﬂ‘p‘i“f I ed
fig. depi cHfees ere vaupleth anddmsipite witkyva cfaft be mene.of doupling addi@éent

sinplified. |cting the vane and sleeve fitting. Fig 5- shows
sinplifi e35°¥“.a%.“ ‘%’ZE%‘% ﬁ%% TR ete plis °%ﬁﬂ§:s?fe%‘&‘@na‘§¥sg‘ﬁbﬁiﬁgfess &1\ Gamsr Fig 6-

shows t he astuats|shidi teakifig grrangerpin sidhdthationch MrRAs BEW &f a hleBGErmiNaN oA S| eeve.
icti and v2 at initial position

Fig 7- shol%/sths,si lified fig. depicting v ]
with an i ACPHEFYe angﬁ&l vangs are figepinfotsta heeughtdvedafingd gngle alitroaislys lvaid
si mpl i fi edathi GlovaERItE Vidag 1d 5 ! Lok D Fig 9-
shows the sinplified fig. d%%%c%#ﬂgiﬁ%g%%u Iﬁgﬁ \r/a@f%&\%gglte%%%\sé%ﬁegn z. Fig
10- shows therraelsibyyhieh the vaneg aredeirated, ngjated nenulfamgnsiyonintibpentienalyd v2 at
position Y and position X respectively. ~ Fig 11- shows the sinplified
fig. depicting vl and v2 noving sinultaneously from position Y and
position E CREMION-OF THE DRYOWINGlRe sinplified fig. depicting v2 and
vl at positdgn,Y and position X respectively( initial position). Fig 13-
shows si n%‘lgﬁf F%%V%ﬁﬂagﬁ@?ﬂéﬁeg?mqmaglegﬁmanﬂwa@é@pw@sf stesV¢-ow annul ar space of
the sl eeWig2- HioBvsks3fpliffdians déhi§i L =0l .the cams fitted on
T S Bley i nfl YA ikl

sleeves. _.a) FL 1- follower o ower of camC2. 2
SUBSTI TUTRES ssrupliicddie. dpirting blevatpinemd sideviewdofiths wmeof a typi cal vane

posi ti onipygs Clys sﬁﬁﬁiﬁeﬁ'ﬁg.sge%\ﬁiné A8 whi S geefvre iﬁ%t{nigf)n clutch. a) SL -

splines

Fig 5- shows simplified fig. depicting liner, vane and sleeve assembly.
a) Liner
Fig 6- shows the simplified fig. depicting line diagram of liner, vane and sleeve.
Fig 7- shows the simplified fig. depicting v1 and v2 at initial position with an inclusive
angle of 2 alpha between them.
Fig 8- shows the simplified fig. depicting line diagram of initial movement of v1. -
Fig 9- shows the simplified fig. depicting line diagram with v1 at position z.
Fig 10- shows the simplified fig. depicting line diagram with v1 and v2 at position Y and
position X respectively. %
Fig 11- shows the simplified fig. depicting v1 and v2 moving simultaneously from
position Y and position Z respectively.
Fig 12- shows the simplified fig, depicting v2 and vlat position Y and position X
respectively( initial position).
Fig 13- shows simplified diagram depicting shaft placed in hollow annular space of the
sleeve.
Fig 13a- shows a simplified diagram of the cams fitted on sleeves.
a) FL1- follower of cam C1.
b) FL2- follower of cam C2.
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b) Fp - Friction pad Fig 17 to Fig 23 - shows the various steps of
apparatus working as single stroke IC engine. a) ExV - Exhaust valve b)
SuV - Suction valve Fig 24 to Fig 31 - shows the various steps when
apparatus working as Two stroke IC engine. a) El,E2- Exhaust Valves c)
Sul , Su2- Suction valves Fig 32 a- shows different view of .cam operating
suction val ve and exhaust valve of single stroke IC engine. a) Pr -

Profile b) : Base . circle Fig 32 b - shows outline fig. of cans for
operating b ﬁégséﬁ{)ﬁ@li?ﬁﬁtagfaéﬁlog%%’PWld(ﬁ?@f@Sﬂ\?HWGQAMi tted on sleeve. Fig 33

- shows di Figdrestows ilRwlidinFReARARGREG | Ng val ves for two stroke engine. a)
PrS - Profile for suction valve. b) PrE- Profile for exhaust valve Fig 34-

shows sl eeve w houtng'e‘ii’lhégﬂsi on. a) CSF - Curved surface Fig 35 - shows

sl eeve with dem,gess:FB_r_l Fx@ﬁoﬁ ad Step on sleeve c) Flo- cooling fluid outlet
hole. d) Ref - receiVing con or sliding friction clutch. e) Fli- cooling
fluid inl efig 17 e Rig 20Pr showdethe emtdusteps bf gpgifiatus WodEg Y9 BReR) sty 3C- Strip
to fit va%ggig% sleeve b) Pis - Piston. ¢c) Gps - groove for fitting piston
rings. 3. BSTI TUTE SHEET (RULE 26) Fig 37 - shows liner. a) SOH split

on outer half.a) ExV - Exhaust valve
b) SuV - Suction valve
Fig 24 to Fig 31 - shows the various steps when apparatus working as Two stroke IC
engine.
a) E1,E2- Exhaust Valves
c) Sul,Su2- Suction valves

Fig 32 a- shows different view of cam operating suction valve and exhaust valve of single
stroke IC engine.

a) Pr — Profile
b) Bc — Base circle
Fig 32 b — shows outline fig. of cams for operating valves and cams for positioning
vanes, fitted on sleeve.
Fig 33 — shows different view of cam operating valves for two stroke engine.
a) PrS — Profile for suction valve.
b) PrE- Profile for exhaust valve
Fig 34~ shows sleeve without depression.
a) CSF - Curved surface
Fig 35 — shows sleeve with depression
b) st — step on sleeve
) Flo- cooling fluid outlet hole.
d) Ref - receiving cone for sliding friction clutch.
e) Fli- cooling fluid inlet line
1) DPr — depression.
Fig 36 — shows vane
a) stvs — strip to fit vane on sleeve
b) Pis — Piston.
©) Grps — groove for fitting piston rings.
3.
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b) . PKV - pocket for valve. <c¢) OH capital - Piterja;f d) SIH- split on

i nner hal f. DETAILED DESCRI PTION OF THE INVENTION: Initially the parts,

their arrangenent and functions are described and depicted with the help

of sinplified geonetric figures for easy perception and |atter the nachine

parts are described in detail. The basic parts are: 1. Sleeve 2. Liner.

Vane 4. CaRig33-showdlinengs 1) Sl eeve There are two nunbers of sleeves. A

hol | ow cyl i nder of quter dianmeter "d' length "I' and thickness "t' depicts
The

these sleeves. 2Mer edPHeppliton ouiephalfeeves are referred as Si and S2.
¢ Liner The liner is depicted by holl.ow

Sl eeves are depjct egriyn_ fd
cyl i nder of in%?ar di arret{érc%%gr, ength by "L" and thickness "T" with

circul ar cover Cbl at O wpitdletRiteejagfs. The cover plates have a hol e of
anme as that of sleeve's outer

di aneter "d". he e . di.anet er. i
o gﬁi_sﬁ%@ﬁi‘%{% ‘n fig.No 2. 3) Vanes There are two

dianeter). The {ineris
The vanes are depicted by a rectangul ar plane of |ength

y D-(t /2. Hereafter the two vanes are
referred Ao gL SHONOF JHE INKENBIONhe hal f | ength of one edge (of
| ength * L'iti@lfy Me pa¥ their Bir@iotn¥ni’d : LY ~ that a)
~The pl ane_ (of ys_ur ace) of V Ig‘,é VnZ %ng%gxggpgﬁs F?%gﬂf?@%ﬁ&ﬁ%%ﬁ@{%:m@%ﬁgre
fitted onhe/péf simplified gepneatric fgwes Br kasgoneraeptivtedrid laterghd nmthine pats @elge
3! €eeve end. The VI, Si fitting is here referred to as

proj ects Qubrindsih B9
1S3 Plttlng is here referred to as VS2 The Vane and Sl eeve

VS 1, The V2, S2
fitting i $helbgicparts ane:-fi g. No. 4. VS 1 and VS2 are fitted in the |iner, such

that 4 IS.UBS'IgIéI&g lggr% (I;Q}IJ astGS).C%x)xpli\I/lgé and V2 are inside the |iner,

1) Sleeve

There are two numbers of sleeves. A hollow cylinder of outer diameter ‘d’ length ‘T’ and
thickness “t’ depicts these sleeves. Hereafter the two sleeves are referred as S1 and S2.

nunbers of Vanes.
LY and wi ,]h' r:

v,

The Sleeves are depicted in fig.No 1

2) Liner
The liner is depicted by hollow cylinder of inner diameter “D”, length by “L” and

thickness “T” with circular cover plates on both ends. The cover plates have a hole of

diameter “d”. (The hole diameter is ame as that of sleeve’s outer diameter). The liner is

depicted in fig.No 2.

3) Vanes
There are two numbers of Vanes. The vanes are depicted by a rectangular plane of length

‘L” and width” r” such that r = (D-d_/2. Hereafter the two vanes are referred as V1 and

V2. Shown in fig.No.3.
The half length of one edge (of length ‘L’) of V1, V2 is rigidly fixed on S1,82

respectively, such that
a) The plane (of surface) of V1, V2 is radial to S1,S2.
b) V1, V2 are fitted on one of the two ends of S1,S2.
c) Half length of fixed edge projects out of the sleeve end.
The V1, S1 fitting is here referred to as VS1, The V2, S2 fitting is here referred to as VS2
The Vane and Sleeve fitting is depicted in fig.No.4.
VS1 and VS2 are fitted in the liner, such that

4
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b) The three edges (other than the one fitted rigidly to sleeve) of both
vanes, touch the inner surface of the liner, c) Half |length of vane edge
(the one projecting out of the sleeve ends) touch the outer curved
surfaces of facing sleeve, d) The ends surfaces of the sleeves present
inside the liner touch each other, e) Lengths of (1-L/2) of both sleeves
project out of the end cover plate holes of liner, and f) The axis passing
through the center of the circular ends of liner, Si and S2 is collinear.
Hereafter this axis is referred as Central axis. The line diagram of
isometric ¥ ewpof, Likper, . van nd sleeve fitting is depicted in fi No.5.
VS 1 and Véf sé@ﬁpgggﬁ¥%gmgﬁﬁﬁgnﬁhside the liner into two parts. It is
assuned t hbx aYhBhtde edfs (6MRAGH i t he
e 6 Gnd SRRty L ARERst ol ks IR 506 o

annul ar space af the_ sleeves i.e. no fluid tan
the vanes, nor [ SWHe phibedingr, surfaces of the sleeves, touching each
other insige t Bt leh®h of Yand B&SMACES. i Nside the liner are jisolated from
t he space outside th%hl i ner? Q‘%gr@gef‘?%rﬁr?%%&%%%é)f&e %F@‘f‘?tenélls)d@u%b ckw se
si de) of a van@Uescuwirwtfoend ofifacigaleevighead of vane; sinilarly the space
on the | efg-ha I nter .cl ockw se, sid of the vane js addressed as
space b_ehidr)]d 0 g%é}c%%m%cgé‘gf tﬁ’ﬁflf"f‘feéareﬁ?nﬁ@s’&?%rl%' &ucgiea@l fhdw of Iiner, VS
1,Vs2 fite)ng Longths of gHBA) OERIE boskes BiojdcBalitdl el eﬁ@%&vér%la&'@ﬂél&t&‘i‘ b fi
.No. 6. The descrjption of functioning of various conponents of tﬁle machi ne
wi th hel p of L%plified line di agrans of side view of liner wth vanes (as
in fig. Nof)p) i Bhaasxié PhdsPWSthroubiy! fén kgt i tial VI «V2 are .pl aced
part by 2 al pha degrges,@?ugﬁét% t%??%,%u4£g %Snoe%{?‘ﬂeﬁyﬁ‘gggd t he
vertical pl anecollgyarriitereasier thiscexigis aaferrddias €ehisaltakis. i ncl usi ve angl e bet ween
VI and VZ2rheThs gl . ..ion of .the VI is hereafter referred . to as
“POSI TION X, an a?%%ﬁ’é %cl‘gflp‘@éhtéés VIsWo oK ipFioage 2nd (sleews, difdng i denisted i s
depi ct ed BmNpSg. No. 7. Now VS 1 is rotated about its central axis in
cl ockwi s i ipn. 5 SUBSTI TUTE SHEET (RULE 26) This |eads to reduction
of vol urreev%i]lr %g;%%zgseaﬂéﬁéhﬁpa% ingidethe Hiapatodwo pass I igessumed fat

a) Both the spaces are isolated from each other and to the annular space of the

sleeves i.e. no fluid can leak past from the sides of the vanes, nor through the end

surfaces of the sleeves, touching each other inside the liner.
b) The spaces inside the liner are isolated from the space outside the linet.
Hereafter the space on right side (clockwise side) of a vane is addressed as space ahead of
vane; similarly the space on the left-hand side (counter clockwise side) of the vane is
addressed as space behind of vane.
The simplified line diagram of side view of liner, VS1,VS2 fitting (with vanes depicted
by radial lines) is depicted in fig.No.6.
The description of functioning of various components of the machine with help of
simplified line diagrams of side view of liner with vanes (as in fig.No.6) is as follows.
Initial position
Initially V1,V2 are placed part by 2 alpha degrees, such that]
8  V1,V2lie on either side of the vertical plane,
b) The vertical plane bisects the inclusive angle between V1 and V2.
This Initial position of the V1 is hereafter referred to as ‘POSITION X, and that of V2 as
‘POSITION Y’: the above mentioned is depicted in fig.No.7.

Now VS1 is rotated about its central axis in clockwise direction.
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behind V1, thus any gaseous fluid present in these spaces gets conpressed
and rarefied respectively. This conpression and expansion forma part of

t he thernodynam c gas cycle. The above nmentioned is depicted in fi .NvYo.d.
. As VS1 is rotated through (360-4 al pha) degrees it is in a position,
referred to as "POSTION Z' hereafter. On attaining this position both VS1
and VS2 are rotated. The sane is depicted in fig.no.9. Wien VS1, VS2 reach
POSI TION Y, POSITION X respectively, VS1 is stopped and VS2 continues to
rotate. The sane is depicted in fi .No.10. Like VS1, when VS2 attains

POSI TI ON ZThit kads 0aéduciich r il]. . atfain POSITION X &
PCSI TI ON g.es pectively. #h@%@%%%%%%ﬁ@g%f %uhd ‘Pi%rg%&?fﬁf“gﬁd’frﬁs@fz. Now
VS 1 st ar tPe80d oYl dhus qny gasepwrefliidipresent dh ¢hess spae@egdtechmpssedaid Aered! v

rotati ng tERMARRS 1 is fashio the t vanes are si'nulfaneously at

POSI TI ON X,E@I%OSI %JY? ot\lﬁi?tcg&l‘r}g‘eﬁ& ﬁ‘}dng‘P?(nsé‘l’”[ ﬁq%ﬁa% B P?&Fe%ew@&'&mwwe- degr ee

rotation é¥clanyhosbovtimentioned BriepictedhefivMo@s . attai ning initial position once

in every ro{,'glyior}(),j%gi, it taﬁgﬁl acenent of accessories like injector,

val ves/ pofts’ bt 1oEEd throngh 1 alphak degepspibiinds aopositiny, irefamed tiHeat i s

added to CPOPTENSEUheaFRS DhaRRRhAEL t T, NGy POSI TION
O YRS PO Vs gl 02 e et e

Y. The inclusive angle of 2 al pha bet
inportancﬁafnedéd?M?t indig.ngd i ni num angl e of separation between vanes at

al | ti MeswWheh 1651, yangaERRoRPhioN %%ﬁlﬁ%&%ﬁé‘ﬁﬁ‘gﬁ% ‘?/silﬁiﬁ:sﬁo@%cb?gd angle of

2al pha from the ot her vane and not 'I'ess

separati o“s%l@‘mﬁm@t@mat@orrpressi on ratio. By altering this angle,
ed (with volume inside |liner and sl eeve's

Conpr essi I be,.Cc
out si de %{éasﬁt%%egﬁcgﬁdﬁ? onstant) By placing conventional suction

(I ntake) LibeMStewjer ¥8hausihy POYRITONS 7, figh bethFVis] & VRLSE! RliadbPRAdisF! D) at
sui tabl e ﬁo.lﬁ)t w%ﬁ%l i ner, the machine acts as conpressor or - i°nternal
combust i 8H*8 é?sﬂ FOSITION Eugsppetivelye SHEET ( RULE 26) The
above-neﬂhb@ﬂﬁéiisﬂéﬁikt%&mﬂi.N‘éﬁliggﬁwo;ref%_ nts and a continual rotary output is

achi eved with hel p conpd , 5ed bel ow. 6) Shaft
Now V81 start’s rotating and the full cycle is repeated.

On continuously rotating the vanes in this fashion, the two vanes are simultaneously at
POSITION X, POSITION Y and POSITION X alternately, one in every 360-degree
rotation of any of the two vanes. The vanes attaining initial position once in every
rotation facilitates placement of accessories like injector, valves/ports, etc, at fixed, well
defined points on the liner.
" Heat is added to compressed gases trapped between vanes at POSITION X and
POSITION Y.
The inclusive angle of 2 alpha between V1 and V2 is of particular importance, as this is
the minimum angle of separation between vanes at all times. (i.e. vane can only reach a
position where it is at an angle of 2alpha from the other vane and not less than 2 alpha).
This angle of separation defines the compression ratio. By altering this angle,
Compression ratio can be changed (with volume inside liner and sleeve’s outside
diameter, maintained constant)
By placing conventional suction (Intake), delivery (exhaust)/Valves, ports/Fuel
Injector,(Spark Plug) at suitable points on the Iiner, the machine acts as compressor or

internal combustion engine or motor.
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7) Cans and associated linkages 8) Sliding friction clutch 9) brake bands

Shaft The shaft is of length "A" and dianeter "B' such that "A >2tines'l'

and B'<{'d'-"t'"). are dinension's of the sleeve) The shaft passes through
t he hol |l ow annul ar space in the sleeves and protrudes out of the ends. It

Is depicted in fig.No.13. Cans Two no cans are used, one fitted on each

sl eeve. Th&he abbveanentioAAL Ridi ©f tvané RN Candngl cohttnull Qbibdyeohtpuinggat i ve

and the profile en makes an angl e of 4al pha to the center. Camfitted on
Sl,S2 are ?Fg‘fFéﬁdggg&IP@nPQ@sfpébﬁqr%¢9¢10Whe pl ace bisecting the profile of

Cl is pargdmh to the plane of the vane V1 . Simlarly the plane
bi secting the profile of C2 is parallel to the plane of the vaneV2. This

shown i n f7)d:ams and assodinted bvlmgél | ower s actuate |inkages so as to engage and

di sengage I L.,h the shaft. At the sanme tinme actuating brake
bands to h%:%dgﬁ?ﬁér@ﬁgyst% t he sl eeves. Description of cam operation

fol l ows. \Mdrakbaids at POSTION X the follower of Cl is just out of the

profile, (glsgtngagi ng S2 fromthe shaft and engagi ng brake bands so as to
hol d S2 at t. On VI reaching POSITION Z, follower of ci rides on the

profile rIikengt RofERte Renl Qimad P usDERD AB-Iiimedt Bnd N <ghadd). Now
both the s|eeyves rotate. As V2 brake band holds it stationary. At"this
poi nt f ol (dwdr tofredimensiogts of éretsbacve)f profile i.e. on |ine bisecting the
profile. ' n sire vVemnen f , as
ment i onedjfggrsi | gr S%? gﬂr g%ﬁ@%@é}m‘f %ngls?g gpeagénmtdtﬁg?le?‘%g a‘édng’i"g\‘{%% Oﬁlf‘g%/?ﬁfge

defi nes t badsanigiselegicat phfig.NedgBees i.e. the m ninum angle of separation of
the vanes s equal to the angle that the beginning and end of profile
makes to Scenter of the cam This angle of profile if increased

decr easesTwb@o caRipe a5, Ok fithdd o Afksiddvee versa. The camis so shaped that
angl e of ,%he profile gradually increases and thus novi nﬁ@t he cam fol | ower

al ong. t hel MefAmsire sopeentricstol the slegve gud ita prafile é negstiye ards fherprpfilei ends 7°
SUBSTI waﬁa@?%-ran(gﬁubﬁﬁlgﬁa I&‘ﬁxecgéﬂe@r.s éegﬁ’viﬂtehnorf S?,S%I%Ielﬁgmed as C1,C2
respectively. The place bisecting the profile of C1 is parallel to the plane of the vane V1.
Similarly the plane bisecting the profile of C2 is parallel to the plane of the vaneV2. This
shown in fig.no.13a.
The cam followers actuate linkages so as to engage and disengage the sleeves with the
shaft. At the same time actuating brake bands to hold and release the sleeves.
Description of cam operation follows. When V1 is at POSTION X the follower of C1 is
Just out of the profile, disengaging S2 from the shaft and engaging brake bands so as to
hold S2 at rest. On V1 reaching POSITION Z, follower of cl rides on the profile
releasing brake band of S2 and engaging it with the shaft. Now both the sleeves rotate.
As V2 brake band holds it stationary. At this point follower of C1 is at center of profile
i.e. on line bisecting the profile. The process is repeated and desired movement of VS1
& V82, as mentioned earlier, is achieved.
It is seen that the angle of profile defines the angle 2 alpha degrees i.e. the minimum
angle of separation of the vanes is equal to the angle that the beginning and end of profile
makes to the center of the cam. This angle of profile if increased decreases the
compression ratio and vice versa. The cam is so shaped that angle of the profile
gradually increases and thus moving the cam follower along the central axis results in

variation of compression ratio.
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Sliding friction clutch There are two sliding friction clutch. The clutches
are fitted on the shaft, one on each of its ends. The friction clutch has
slots on its inner dianmeter and nmakes sliding fit on simlar splines on
the shaft. The shape and features of sliding friction clutch are shown in
fig.No.14 The sleeve end surface is conically shaped so as to receive the
conical surface of sliding friction clutch i.e.the angle of cone (negative
on sl eeve and p05|t|ve on sliding friction <clutch) is equal. Wen the

clutch i s Theeasisshpyn in figNodsb. operated by cans, against the sleeve, the

friction gghggggcﬁhgaé&hand clutch surfaces engages the shaft and sl eeve.

Br ake ban nmeans of positive | ocking by neans of

convent i offabreme teletidimg factiparobunth. TI&dll&&ﬂ:sfam ﬁt&ﬂmnttheﬂmﬁgeneeon eachbf | e when
frlct dJLnl onlts

it is at rest dis a strip

i nner sur ftﬁc?ﬁdsnaiﬁeagﬁ%ﬁﬁcgﬁg‘r k‘i‘snﬁ"ts QPéE?r‘Bﬂec? ?‘P‘E}ﬁ‘i lélglgo

sl eeve. ASIh@Mﬁ%ﬂm@adﬂmé sHafS Athk BEapE GhE RatiRs BF fidhss fridGon ElLRA raaemhawn\fal ves
The val ves used are sanme as that used in conventional reciprocatoiy |I.C
engi nes. on the end cover plates of the |iner depict the

val ves/ po r ult in
Tﬁésslee-% &nd ?tir?a%e cotnﬂ!aﬁ ?ﬂ}? gsatg O8iR tﬁf‘&%l? ng?‘gf%té rog Eltla ere are

either a single stroke or e engl ne.
two val vekictiors tlatchd@. tbfnamgie of pwwr(negatlee suclebenaminpbsitive caxdiidingt frictiorey ar e

angularly pl ace a .of e _exhaust, val ve |ies | t he
space beij n‘gt @ AR &I t%%ﬁ %Rgsghg)gdmg?geg,a?pg 79 PO @R Bhe val ves
are Openeiﬂee&é‘;dhé}ﬂrmﬁ@dbetws& deve andERoR Rirfrdésenk s BRABESt bid tlesre! he liner to

space out e it, Linkages actuated by cans and its foll owers open them
Step-1) | Vi and V2 are at POSI TION X and POSI TION Y. Pl ease refer

fi g- No- 1 Braildanid 8 mA3 ¥f ‘é‘ﬂh% Rcl %bf 21[%561’ BB 'r&gtééé%{r%xgg?fﬂte{?% ;6” ll\lg\?v v

on the liner. The suctio VesS are in

1is rot a%wdtmpglmvambl&ﬁwhﬂn@@tasresionpressed 8 SUBSTI TUTE SHEET
gl e of

gﬁg{_E Eg@%ﬁ#’gﬁé@c@% \%‘ep%gﬁ%i ?P%% i’lﬁg?‘.‘%ﬁm%a%“’% gpen %Sﬁ"gﬁq%l tion of

vane i s ckhmnceffoastheShtade Of tHe sloeéree A lever against a spring force maintains the

clearance.

Valves

The valves used are same as that used in conventional reciprocatory I.C. engines. Circles
on the end cover plates of the liner depict the valves/poris.

The parts of this engine can be arranged so as to result in either a single stroke or a two-
stroke engine.

a) Single stroke
There are two valves installed on the liner, one suction and one exhaust. They are

angularly displaced by an angle of beta. The exhaust valve lies in the space beind vane
at POSITION X and ahead of vane at POSITION Y. The valves are opened and closed,

50 as to communicate the space inside the liner to space outside it. Linkages actuated by

cams and its followers open them.
Step-1) Initially V1 and V2 are at POSITION X and POSITION Y. Please refer

fig.No.17. The fig. also depicts the exhaust and suction valves installed on the liner. The

suction and exhaust valves are in closed position.
Now Vlis rotated. The gases ahead of V1 gets compressed.
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after. The angle theta is such that the vane has rotated past the suction
val ve and space ahead of rotating vane is sealed from suction val ve.

Pl ease refer fig.No.18. Step-3) On VI reaching POSITION Z the suction and
di scharge val ves are closed. Please refer fig.No.19. Step-4) Now both
vanes rotate and V1 and V2 reach POSITION Y and POSI TION X respectively.

Pl ease refer fiu.No.20. At this point heat is added to the conpressed gas
(simlar to cgognventional |.C engines). The injector/spark plug is placed
on the |indP-HAWEErPariosp Doaipnsuah thaPiOBlalésEN aXgle oRithata@ POSTEIGS 7, iBe gases
behi nd V2 gxhpng : VZ.gets..conpressed. The I ases push
V2. This is the Sg’gg?ﬁgtgﬁ’gigg%r h%zos@%gf e}fste(ﬁei? 8%8%@16@&21%’»‘%& ZI

exhaust af#ers b asglevthéty éssuolp dnt thexansibds roftedpastahe Betiion 4aMa ah@ ss#eavenged
.No.21. StepR-6) This process

and fresh r i.s introduce Shown in fi
t akes pl agg%ato?ﬁtét@g v?%ealéﬁ“éaie ficlRp ﬁ&%ﬁ%ﬁéﬁf@tﬁ%ﬂ&éucti on valves are
cl osed asSepSMOn NVEi gadbing2POSITIOR- Z)thdNewkiBR tad \Bechibe wa;v%E %r@%séd‘?af/g .

is

posi tion.

PCOSI TI ON POSL T respectively. This is the inrtia
now put tgle?sgﬁ.erh%éﬁgddi tion to the conpressed gases ahead of V2 takes

pl ace novstePUP AR b&th Shndsi rotali0a@ ¢5 @Wfﬁ&e)c\ﬁglg%%@ﬁe%;ag\&, gﬁﬁi@ﬁé&? % > r eglg\évct

steps-1 to Step-7 repeats successive

to verti cifpeplivehe Plaaprorefen ifigiNg.2000si ti on of vanes, angles al pha and theta
onpressed gas or

d vol inside the |iner h that th
combust | Bre A RR Rt kA i portiRi BB Poverionat Liifoames ne

adi abat i chhedainctor'sparkl flug 18 plaoedibnfe Biksr BeBiich PORITIOIN Refd POSIBIdN fygni tion or
engi nes. b) Two stroke There are two

b k i [ I :
21 vee, - dftr Y aBREH oo Hifa vebina 1t cromet s St VA s coeiorostitey i ¢

val ves,
angul ar | yxphindiploaed pish v 2neiahd ) tion valves lies in the space
behi nd vane when th(Ia) vane i s at P@;I@ISWt .OISVS' SUBSTI TUTE SHEET ( RULE 26)

space outside it. Linkages actuated by cans and its foll owers open them
n. and, t wo exhaust

val veo. as SRS PR, BOSFRONT L Sihnd R siiominl v ppen st inspes: 1)
I ni tial | ehitid V2 isscavented @8I {ekibha¥ee B@HoTLEN, ShovaSiRgEiNy 8l Y. Please refer
StepR-6) This process takes places till V2 reaches POSITION Z and exhaust and suction
valves are closed as shown in Fig.No.22.
Step-7) Now both V2, V1 rotate and reach POSITION Y, POSITION X respectively.
This is the initial position. V2 is now put to rest. Heat addition to the compressed gases
ahead of V2 takes place now. Please refer fig.No.23.
Now power stroke for V1 starts.
Now steps-1 to Step-7 repeats successively.
The position of valves with respect to vertical plane, the initial position of vanes, angles
alpha and theta and volume of spaces inside the liner, are such that the compressed gas or
combustible gaseous charge(compression and expansion is assumed to be adiabatic) can
result in spontaneous ignition, either by self ignition or by spark as in conventional 1.C.
engines.
b) Two stroke
There are two valves, one suction and one exhaust installed on the liner. They are
angularly displaced by an angle gamma.
The suction valves lies in the space behind vane when the vane is at POSITION X.
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fig.No.24. Now rotation of VI is initiated, at the sanme time Sul opens. All
remai ni ng val ves are closed at this point. The vacuum created behind VM,
due to its rotation, sucks in charge. The gas ahead of VI gets conpressed.

Step-2) As VI reaches POSITION Z, SUIl IS CLOSED. Shown in fig. No.25.
Step-3) Both M ,V2 now rotate and reach at POSITION Y, POSITION X

Cesbect | vebyace i St GO R2RSG, 8588 Qg 02 L Liner.

(Ignition %f chgrugﬁ%. VIl 1s now stoppe
stroke for 09¢ Wanrding ef meckeniss invelved, Mo ststiowanddvateabaugnsalodsensl of V2

gets conpr gssatin théhd, TRENSS P shown in Fig.No.27. Step-5) Now
bot hv2, VI rotate,. r%ac%P(ﬁ%&Elgﬂz@ﬁl ON X respectively. Heat is now
added to coiBrieduidallyyXd, eheracht POSYPION i, POSITION dhespetively, iMedeuwepened as

shown in fgONN$428. Now VI is rotated and V2 is stationary. The gases
behi nd WV (power stroke for V 1) and the gas ahead of V1 is

expel | ed (Newatrotatpreof Voris difaeds ht thSkSRe Gk ca, E2
9. Step-7) Both \%ﬁlyfelﬁsgté?gé?%@ el T o Y,

cl oses. Sh(?vvn ig Filngo'T% f
posl TI ON X195 ghtbis Rpbty Thovaquumecresing hehind) Via due BUis topséing, suskmin\dhagtops and
V2 rotat eSrhe\éasﬁl@é(i@KV?lg&se&ﬂsé}ggg ahead of it and sucks new charge behind
It as sho I n Fi%. No. 30. ep-%.) When V2 reaches to POSITION Z, El and
Su2 are nOWRHosEH! gackss SASITION Zi ST NGS ELOSSDe $hoyn BofiB.Ngl25and V2 rot at e
and reachgR Sy W%Q Tl V.r Lvel | e initial

posi tion. I\??vsé)-s% ep %(’ to s‘,{)r g%kwgge%cgﬁggﬁgﬁﬁbﬁ%{,wwﬁlﬂﬁ&eﬁppgp&eéy.t he |iner,

m ni mum aMighiels sbwsedet @t doatprésbedagab@riaslds @ Uinks (Jghitiof HERBROf VIFRERSSI ON
nti oned engi nes val ves are opened and cl osed

tio. | t bove .
lrof/1 :?nkagsétggIg egcaf’égféerggaf??f é%ﬁ%owwtr%ﬂ & VR apshovaorindigdade on vane

osi tion, St '\Aid\azahtgeygf 'Sl |t eir
Iroespect Y egf‘?ae\?e orof It %Sdé}{g?]d ggggrgg%e&’?ﬁ’é%@?@? g% ir;é/aé:iﬁés %@%ﬁ@z\tgﬁﬁect Ive

sl eeve. 19o"8uBEiNo2% SHEET (RULE 26) The cam for operating suction and
fi.g-No-32a. The cam

exhaust vabyey Rbwy et | i LN !
for operat ilyng) sggﬁog}%} 23%’3%’%% aﬁ%ﬁ%ﬁ@gbﬁmﬁ%ﬁmﬁ@e@w&w@ﬁg flsat i
A now added to compressed gas ahead of V2(Ignition of charge. E2 is now opened as

shown in Fig.No.28.

Now V1 is rotated and V2 is stationary. The gases behind V1 expand (power stroke for

V1) and the gas ahead of V1 is expelled (heat rejection occurs).

Step-6) As V1 reaches POSITION Z, B2 closes. Shown in Fig.No.29.

Step-7) Both V1, V2 rotate to reach POSITION Y, POSITION X respectively. At this
point E1 and Su2 opens. Now V1 stops and V2 rotates.

V2 now expels exhaust ahead of it and sucks new charge behind it as shown in Fig,
No.30.

Step-8) When V2 reaches to POSITION Z, E1 and Su2 are now closed as shown in
fig.No.31,

Step-9) Both V1 and V2 rotate and reach POSITION X and POSITION V respectively
i.e. the initial position. Now step 1 to step 9 is repeated.

L. The volume inside the liner, minimum angle of separation if altered results in

change of compression ratio.

In both type of above mentioned engines valves are opened and closed by linkages
actuated by cams. As the valve function depends on vane position, individual Cams for
each of the vane’s is fitted on their respective sleeve or fitted on sepafate shafts, driven

by its respective sleeve.
10
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shown in fig.No.33. The out line fig. of cans for operating valves and
POSITION cans is shown in fig.no.32b. Cans for single stroke engine There
are two cans, nanely Ca 1' and "Ca 2' placed S| and S 2 respectively, Ca
1 actuate |inkages for opening and closing suction and exhaust val ves when
VI rotates. Ca 2 actuate |inkages for opening and closing suction and
exhaust val ves when V2 rotates. There are two profiles on each cam
axially di gpk .the path traced by rofile during its full
rotation dggs%%%g OI t'er s%ﬂ{m drﬁ"b?‘TSEY Ve%serrglqmﬁe Weteh@nmstﬁélmﬁpnmfl | e.
The profil @g Needles Thencaaniyt epepdtingRedtRntaAd Eﬂ?au&%}xférof% %{Eﬁﬂg{}eﬁ -

[

foll owers vﬁx \gg?rle i | aced t hat when a vane reac
begins to "ri 0.3 U fipgfig. m%%&qumﬁnagng/mlmand POSIEON earha\0

sim|ar canshowmwin fiaey 3l ng fuel punps. Cans for two stroke en ine There
are two capms ?arrel)i Cfl and M The cans are rigidly fixed on two shafts
| ndependent=ot O HESE me shaft having Cfl fitted on it is driven by

S and shafTheRaye g fd ’ o 1 As it iis  observed

that each vz:I ve |sogg§?atah{c?ggncg e ? %@Y E%Be]e%“ 216305E6H-t fa Ishaft i s

driven at aﬁB‘Fl?e linfsages feraypenifig ardbdlosiifg dubBorbArRIRNBSust Jﬂ@é’s%vl@fﬁ/ltféﬁt er' les on
[y

Ther.e are two profiles on each cam axl a

each of theg,

di spl acedﬂs1 uc tlﬁﬁ(? ggtg fox BEUAE M@H@ﬂﬂcﬁ(ﬁl amdskhaust vilies e V2 rétatek. r ot at i on
does not ilhereraetwo grofiled 6 LRiheca. t 0 r.ofil The
profile fgoﬁu(?ur} vatlc:j\r/% nakes daln agin allihatllgad(q?pg% ggﬁ&h{hfpg]egxg&gafeﬁ Phé center
of the  cRivEs iingdts Al 1ogutien dpes nebinpirseotat ittfeeferoywitinthehef thep@er roRR! i cal

(i.e. at ZbgpefiRk nkha e follower is angularly
di spl aced_by half aI(pha a%ggr ees&?r omcteﬂgq %tgfgfq{‘i‘n ng of the profile. As the
exhaust vEiS/Rlees of ermyarasd glaced tuan&leuadaﬁm@@epp@srr@i\rz’m &gﬂlsrtﬁac hes

PGSI Tl ON o) vane is at that posit
AR ?%é%‘-%g?p uﬁ)“@%tﬁgé’éb’e’?r & FHe e similar ¢ams, ﬁ]e”@[l)ﬁliabng Grel sucti on

profile is at
val ve. Plpyaws. refer fig. 33. There are two simlar cans, for operating

fuel pun@[ Et aged on shaft having Cfl and M 11 SUBSTI TUTE SHEET (RULE
26) The 0 f parts now follows. The parts, their fitting
ar r angendhereaicvya0gthey) €1 Al dpltings are illustrated in

The cams are rigidly fixed on two shafts independent of each other. The shaft having Cf1

fitted on it is driven by S and shaft having Cf2 fitted on it is driven by S2. As it is

observed that each valve is operated once every 720 degrees of rotation the shaft is

driven at half the speed of that of the sleeves. There are two profiles on each of the two

cams. There are two profiles on each cam, axially displaced such that the path traced by

a profile during its full rotation does not intersect or interfere with that of the other
profile.

The profile for such valve makes an angle of(180-2alpha) degrees to the center of the
cam. If the follower is so placed that when the vane is vertical (i.e. at angle of alpha from
POSITION X) the follower is anguIarIy displaced by half alpha degrees from the
beginning of the profile.

As the exhaust valve opens only after a vane undergoes power stroke and reaches
POSITION V and it remains open till the vane is at that position, the profile is at
(180+alpha) degrees from the end of the profile for suction valve, Please refer fig. 33.

There are two similar cams, for operating fuel pumps, placed on shaft having Cfl and
Cf2.

11
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fig.No.34 to Fig. No.51 SLEEVE The sleeve as described earlier is a hollow
cylinder, but has step of larger dianeter at one of its ends. The end
surface at the larger dianeter end is curved such that it fornms a quarter
of a circular hollow ring. The other end surface is conically shaped, sane
as that of the sliding friction clutch. The curved surface at the |arger

end has t wbheidqipibdeseriniion of pastseewdolivvishout depreSS| on is shown in fig.no.34
A sl h fi |
sor' bed TRoPRERIAaP iy S BRaNDy | diBloted ek o S pR BRI e

descri bed t
sl eeve) anfig-Ne.3#e¢qBigNul5t o rotate with the sleeve, inside the liner. As

descri bed F- r the vane while rotating is required to sweep the vol une
inside th . It constitutes of a circular plate of diameter |ess than

W It is difeatdeeslad des@itell bhReMbh GO cylfn@exbﬁutr Hag sedh vt fa%géﬁgmﬁf&te}gt ddee
sl eeve's cyrved surfaced | eft uncovered by the liner. istons with

grooves a itsrqnde hddte ead séace ahthedargehdiampisn sid i ES gircedssugh thaantefogmatae
Piston r 'q‘ﬁgﬁer o AErcABr hORRE Lﬁ%eﬂxe other S8 ﬁﬂfacé) ﬁmalﬁ' shggegfr Ofte asthit fitted
[l nner surface.

in the grooves. The piston ress agal ns
Shown in fof Qlerﬂbdmgénctimmﬁmzh The chrvnésurlfes:e of tht legatead hanfvoalchmbdiaw 4i r cul ar

quoit/rin f circul CLOS bent. and.its ends ned SO
‘as to forrgh g‘%h‘%}?%t 8??r?séﬁflésr %P gﬁf ﬁ@r"%ﬁ“%?@?m% lslsﬁ }14 hol | ow
(the pi peNdisdneter) is W It is spllt in outer and inner halves for easy

fitting a&%ﬁgassen‘oly. The inner half is further split into two
uter half and inner quarters are further split. The outer

quarters.

and i nner AR@ktEsusiA¥Bcritca ! rLappi ng at
the ends. ?f g@‘?‘? B e Ao Al S Bk B e R n B SRR

agai nst p r‘dlmrﬁd]g) rotapae\mh thersleetd) énsidreake tinerf Acaleswibbdedrliaf the hes e
strips s i the | yner. from..s es outside. The ends are
st epped, e?(r)‘éé@h f‘%eﬁlr §W8?Pet:h?§?)18‘lnﬁdnm5t§5ﬁ'éﬂce is provided at ends

to nmake dpcdrmnhﬁéseifm[rcﬂxmﬁts oPdiaméfeleshan a{’elmd@achecﬂtoz@anﬁ @hidhdt t he

pi ston r|n S ainst the inner surface of the liner) can
smoot hl y B %g ?%@@&Sﬁe %\tﬂgﬁ Ve arshrved sunfaged deft ypgoveied by the lingrt ykwe at ed i n

fig.no. 3pistdud w1%§%$bé5@@t§6§%ﬁo&%e%@m@oﬁﬁﬁﬁé 88esUr vtaﬂ@plla{en Pisthss

illustrated in fig.
rings, same as those used in conventional 1.C. engines, are fitted in the grooves. The

piston rings press against the liner inner surface. Shown in fig.No. 36.

LINER

The liner is of the shape of a hollow circular quoit/ring (a pipe of circular cross section
bent and its ends joined so as to form a hollow circular ring). The inner diameter of the
liner hollow (the pipe diameter) is ‘h’.

It is spht in outer and inner halves for easy fitting and disassembly. The inner half is
further spht into two quarters. The outer half and inner quarters are further split.

The outer and inner halves have steps so as to make the inner surface overlapping at the
ends. Thin polished strips are fitted at the interfaces which rub against each other during
operation. The face to face contact of these strips seals of spaces inside the liner from
spaces outside. |
The ends are stepped, so as to make the ends overlapping. Clearance is provided at ends
to make up for thermal expansion. The ends are made zig zag so that the piston rings
(pressing against the inner surface of the liner) can smoothly pass over them during vane

rotation. The liner is illustrated in fig.no.37.

12
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A section of the split ends is shown in fig. No.39. One quarter of the
liner fits on a sleeve and the outer surface of liner is flush with the
curved surface of the sleeve's end face. The quarter portion of the liner
that fits on the sleeve, covers the whole curved surface of the sleeve
except a small strip where the vane is to be fitted. Liner and vane are
fitted on vhECHeR Hdbe kugr isibestafedtihfig sboeve and the depression is fully

covered by A Qedd . epressions_now form pockets for cooling fluid.
- d&%esr??;g%%dgbspsﬁ%w%&b%'ﬁﬁd return |ines through holes in

The pockets are conmnu ( _ _ ( _
the sl eevEse qiimterex pheokiies SR slobte AN Qﬁtezamﬁfa@@\ﬁ 1 é}gs a8 ith WET
ed inner i'sonetric

quarter fiE' is ilJlustrated in Fig.No.40. Theexp olé

view of a S kel%‘c’e"l,ﬂsa\(ieaPfi: §56eYs hend %%rﬁ@rQWGﬁpm@n of the linet thait el onitine

fig. No. 41. slddve, @xpis aigerihdls onsd & Vi two sl eev nd |iner inner

quarter fitti Q\% wi th. vanes fclrtu?%?je?fﬁﬂép%iéaeggef{%ep%?ﬁﬁg??%?é@eﬁ BVEINo. 42.

The i somet¥it® & Eifdofinenand vawsare fitedenathe chived rsuifiseest e aldeds ahd id NY i S
| acenent between the radi al

i |1 ustrat efbpielsi 'gﬁ,ﬁgp TLhe, angul dj s
piesiod Is f ééaére\fl alﬂ'ethle gﬂ?u gﬁ‘et g&%SSquSﬁggv formnegkstsfor isephingpr ess

pl ane of the grooves ©

agai nst t H#1d.ndde pckets e cofniunteatelingupdly bh@EetRR RS B3I, RHEEYPmeON W ch
the vane igefdtted i.e. the distance between the grooves a vane fitted
on a slee:l/le, is nove than the width of the strip | eft uncovered by the

| i ner i nndhe guploder isbétie ViewPbr b AR SEM 'IH]}?J' QUi e, half, and inner
quarters gar eNflgnged al ong the spl ?tt?ﬁg%ef%;{g%q ertiﬁ%%gslhusg’iﬁl‘?drfﬂer
quarter re ?16 i nst correspondi ng surfaces of the sleeve. Dowel pins on

the sl eeVke sipldRE BsobRBld Vi iner inmer quarter from slipping during
oper ati on, Tﬁ)gjll pins are ‘B%\??%glgugh?aﬁle&f‘ggﬂgq@fﬁ Pty ifiting i ?"éfrﬁtéﬁi end
free to e’%ﬁ%ﬂo-ﬂihri ng operation. The liner's outer half is placed over the

i nner halfy, . r is enclosed in a casing. The casing is held
t oget her by f lé(%dg%és];oéﬂea %V ?fﬁ‘ﬁ’g@%‘?"ew ¥ines depes qutrtar Histing tveith veake$  ar e

further dittednmiplicd io ilpusaxieden RigiNoapge parallel to the step on the sleeve.
These flaﬁlges are fittedq wth bolts so as to press a sliding ring agai nst

step on the S{REYe VIewrRfighepyleays; vapetand lingo iwler quarter aiyting $4 ilRBEMeDINET .
(Rol |l er s figaNo.4 provided at the sliding ring and sleeve interface to

reduce f rr'i]ct ion). 13
¢ angular displacement between the radial plane of the grooves of a vane is such that

rings fitted in them, press against the inner quarter of the liner, fitted on the same sleeve
on which the vane is fitted i.e. the distance between the grooves of a vane fitted on a
sleeve, is move than the width of the strip left uncovered by the liner inner quarter fitted
on the sleeve.
The liner’s outer half and inner quarters are flanged along the splitting lines. The flanges
of inner quarter rest against corresponding surfaces of the sleeve. Dowel pins on the
sleeve surface restrict the liner inner quarter from slipping during operation. The pins are
provided only at one end leaving the other end free to expand during operation.
The liner’s outer half is placed over the inner half and the former is enclosed in a casing.
The casing is held together by fasteners at its flanges.
The ﬂanges of the outer half are further extended to provide a flange parallel to the step
on the sleeve,
These flanges are fitted with bolts so as to press a sliding ring against step on the sleeve.
Thus pressing the two sleeves against each other. (Rollers can be provided at the slidin;
ring and sleeve interface to reduce friction).
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SUBSTI TUTE SHEET (RULE 26) The expl oded isonetric view of the outer half of
liner and sliding ring, over the sleeve, vane and liner inner half fitting
is shown in fig.No.44. The expl oded isonetric view of the conponents in the

previous fig. and the_casing is shown in fig.No.45. "" Illustrated in
Fig.No.46 is isonetric view of camand val ve operating camfitting on the
sleeve. Illustrated in fig.No.47 is isonetric view of conplete vane

assenbly fitted on to sleeves wth cans val ve operating canms and fuel punp
oper at i ng &8 kplbiddiBohatie vi ' 4]%11{ vd S0 i d hifpe,. wth two
parts of Iinerpout er hal ?Vig\gve&tg?ﬁ%eﬁ‘l ?fnﬁgn%gﬁ%dwg\i%%f#%%ﬁ’%?? eIeYei’ustrat ed

in fig. Novaw 3ud Imeoinnernalé fittofy icshoparie fig Noaddr angement shown in previous fig.
ig.No.50 is

along wit i.ding frjction clutch, Illustrated,in fi \
oot 11 ¢ T UEpbaAoRed Ak of b8 oforents frtie Pravicnt i RGO PRGSO 51 i s
si de vi ewslefwitindigiécd4i.ne wi th shaft arranged as in two stroke engine.
ADVAI\FFA%T%e I of.a ‘{§C engj ne has many advantages 1. Conpression ratio
can be al DEFEHd lﬁé%o df demshicyevs pf grmging valve pperaiingscast fittingran the. Ther e
is no revgesal of inertia forces. 3. It is possible to reverse the engine
easily, that is angul arly displacing the CAM profiles wr.t. CAMfollowers
thus el i nisfratetyin 9-AG 1ssisoragtje Mismt of complets vankesshdblyt fittsd drotugsiedves wei ght

of the s el baGan.serve-the purpose of fly wheel. . 5. The size
of the em%ésﬂsi‘}saﬁ‘%g Si de %%?Sy gﬁéﬁl%ﬁnpf)ﬁgﬁm%nti onal engines of sanme
pover outlfuttratesin Fipdlod8iis taporigve efithe enadhing, vAikiNtwoAsa8 of Uhed adritalf (ed S| unps.
7. As th%hé/ es '%]re rigidly fixed to sleeve there is no slapping of vane,
as is the'c g5 "anfn&%sntoo s on liner in conventional 1.C engines. This

r2 g)s ullt S ustamdqe digNy.SLis fﬁiﬂgw'%wtlff%hfﬂﬂnén%’ﬂ&gelﬁe‘}lt siWRRH ﬂi%%u?h‘EET (RULE

along with shaft and sliding friction clutch.

Nllustrated in fig.No.50 is isometric view of machine with casing in place.

Hustrated in fig.No.51 is side view of the machine with shaft arranged as in two stroke
engine.

ADVANTAGES

The rotary 1.C. engine has many advantages

1. Compression ratio can be altered during operation by sliding of followers of
cams.
2. There is no reversal of inertia forces.
It is possible to reverse the engine easily, that is angularly displacing the CAM
profiles w.r.t. CAM followers thus eliminating gearing arrangements.
4, As the shaft is long the weight of the shaft by itself can serve the purpose of fly
wheel.
5. The size of the engines is considerably smaller than conventional engines of same
power output, '
There is no need to maintain large lubricating oil slumps.
As the vanes are rigidly fixed to sleeve there is no slapping of vane, as is the case
with pistons on liner in conventional I.C. engines. This results in reduced noise

and vibration levels.
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Il TAIM1. Arotary apparatus adapted tad perform as, conpressor, punp,
notor, nyeteririg device or an internal conbustion engine, conprising of
two identical vanes, tiro hollow sleeves, hollow liner, timng devices

i ncl udi ng cans and associ ated |inkages, couplings/clutch, shaft, and

br aki ng/ hol di ng arrangenent; said cans define a variable initial angular
di splacenent between vanes at the start of sequence, commencing with one
vane gstationary and other rotating such that on reaching an angle of 360
degrees mnus twice the initial angular displacenment both vanes rotate.

t oget her through t¢UaMsai d initial angular di spl acenent and the two.vanes
reach the said initial position wth -the individual vanes position

i nterchanged, - subgey gﬁﬂ}%}ﬁm&ﬁ% Wt MOV oo @B Uy

rotating vane is jonary unt the rotat i ne rea an angle
of 360 degrees ni nL@a’t‘W copb ‘f‘i‘i”!*"ga‘?"%ﬁ’l’beﬁf“m B‘%‘f%"’i %‘P@m t he
stationary vane ancklea:smoilcolies, ﬁmﬁbﬂmceﬂmhﬁlmgammamodamiﬂ@dg@n to the

sl eeves, one vane Qgn I valiatidd

sl eeve's surface angupﬁgs %p“m%bsﬁgf{%‘él %Q/h E@ae:%%nm@&g@ec%fdg?%@vanae are so
fitted that sone pdwﬂ%u@fd@'%‘)mt@Wﬂa‘@éﬁsﬁ‘rfbﬁtﬁ‘w?q“%°‘l‘ﬂm°f’ﬁ%g‘§’ eve's
end; ‘sai d sl eeves mna%dqtﬁléﬁzhyirhaﬁwﬁr&ak@st&ﬁdﬁt(fnlriai:lﬂﬁb aniahdle ofdikdegmee  pl aced

adj acent, Wth the vang‘g %ﬂ% % dI.S lacegbo@'\ﬁes%tﬁ%ﬁg JerpteTol 9:’39@' chis

controll ed vari ed aces ere vanes are attached
on the sleeves is ssidafitiat mwlaﬂd!Sleemmﬂdrthmm vases 1gch s gaidirjrialperition¥ies and

sleeve fitting aboyfe hdiRausbRhd pehfK 'ixﬁdrch%bcﬁ s&fseqﬁdnﬁﬁmeﬁreVL&ﬁly(icM&ﬂﬁS are
pl aced inside a liner; said. liner alon sur f cSpkorms an

e
enclosure : said | {*PHFs 28d PIEY] f‘§‘t§’r"¥§”&'g‘slh§l5§%‘}?i’%w§%g‘§ ﬁ'ﬁg¥aﬁg ath traced
by vane edge whi | e an adgletof B dajrens mitultvigaliednitiat prgulat dispircehentigionge r ot ation of

the vanes about the:m§¢% v%ié'a&so%ﬂb&mkﬁﬁlﬂﬁ%ﬂaﬂés%ﬂﬁ@@oﬁaw siedved, oseuliage f or ned
inside the liner into

cteriz th fa at said
two sl eeves are co&BF‘E’B““Jﬁd““SHE’b‘E]bYa@?f%’?‘#?Q E‘ﬁ‘f?s ?%gﬁsa?% g%ﬁ%qral ng/
cl utchi ng ar r angenefidactastdeus bativalngs arecafipg tipt moe dordon czfndmemrfadﬂmfwdeﬂoy t he
sl eeves, said braki ﬂ;g,fﬂ,w@&ge@ﬁ%ag%kyaac%&immm (Hrdn s RABd Wikh VARdsdien g

arrangenents maintaln vanes st af |onar at a coF%roI l.ed but . vari.able

posi tion al t er nat ePipecdsdipcente Withtheywapgs "{“ﬂé bYGR PR AR o ar e
held stationar y, sejralicd] wded byatidtaed; ﬁdmiﬂabamewﬂieymsawmwémd@nt ly; said

held statl
or adefi nedl vari abl &easr e K80 W°ﬁ@&%*ﬁe§*§%“%@%ﬁi’%ﬁz*‘g‘;ﬁo{""?."‘o‘ﬁ‘i ng with

a variabl e conpres s‘*"b‘??a’FlﬁtaF'&"fs}?(REN vagpyapeplased ‘N“f"d‘t“éF‘ys%‘ﬂ g
claimed in cl ai m 1¢ekesve sifabdtomsan cholRsuidtSaill He®'s bongrsadfict b cotmpedialong the he

gggﬂ' e that the beg, it gk Aic RiBh b6 BRIES o hibRIRER Rk bPD Of the
the vanes about the said axis; said vanes divide the said enclosure formed inside the
liner into two chambers, characterized by the fact that said two sleeves are oupled
and uncoupled with a shaft by means of coupling/ clutching arrangement actuated by
cams placed on and, or driven by the sleeves, said braking arrangements aciuated by
said cams or holding arrangements maintain vanes stationary at a coptrolled but
variable position alternately; said cams define the angle by which the vanes are held
stationary, separated, rotated simultaneously or independently; gaid timing devices
allow both vanes to rotate simultancously through a predefined variable angle
resulting in the said apparatus functioning with a variable compression ratio.
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defines the, and is equal to the, m ninum angl e of separation. between the
vanes during operation and the said mnixr,um angl e of separation defines
the conpression ii ratio, and the said angle of profile to the center
line is gradually varied along the central axis, allowng alteration of
the said mnimum angl e of separation between the vanes during operation by
nmovi ng cam foll owers along the central axis through which the said angle
of profile is varied, thus resulting in variation of conpression ratio. 3.
A rotary apparatus as clainmed in claim1, wherein the Sleeve cad -surfaces
adj acent to each other are provided with sealing elenents formng a
continuous sealing line around said end surfaces blocking a | eakage fl ow.
4. A rotary apparapua sétfy spaities cldimedinaiain 1 whdped the said casd Idveepnafde aicke

provided with seali el e i ﬁ@ﬁgﬁ: |, Lid = AFthPSm. t he
vase edges. 5. A rot %%ﬁhcﬁnp‘g'g@%@ﬁgég%%%é%%eggb Inc %i&(ﬁ%gﬁ%‘;}gﬁpseal i'ng
arrangenents placed defingskhs, and lspen! ta e, minigamenglonfempration betyrs diEi VS a | eakage
flow 6. Arotary apdﬂﬁh}%‘@ﬂdﬁﬁﬁﬁn&t}:@dﬂﬁdﬂm%%@ddT‘sdpai’dl’ibﬁﬁ&‘lnBstﬁdWﬂ#mmt i ng

i

devices or flow regqgulating devices such as ports. or,valves ar rovi ded
with, such that the %ﬁ’ﬁadﬂ%ﬁ%@%&”gp’?@e?&%ﬁ'ﬁ?‘é‘ﬂ?'&ﬁm& AR tOLQS aces
out si de the encl osurentrayaxispaliowing slterationoe tiwsaié migimus agliretietarption tiwrestgher ei n

the comuni cating d%&amﬁgo;&ﬁ%bfﬂ&%%ﬁqoﬂ&%&gﬁewﬁmmasmwa@mcn is so
pl aced, operated and or t|l m%d,' éuch.td gt tgﬁn .apl%lar.at ;s n,‘bec ysed. as a
conpressor, notor, pheigidareieotpefileisvared thus renlfingdn Vagiafiqnol pPPIESIM TG, o o5
claimed in claim 7 iAok apparatsereleinatin taig Idehetcigbe Beve codrusiass adipet tms  of
ener gy addi tion and germRiahe @Rl LB clchGnPb ARG cofiRRiualAthp BRI, OF

timed, such that the apparatus be used as a prine nover |ike an internal
combusti on -engine sﬁiW%frﬁ“ﬁT?Fsebﬁl‘l?ﬁlH%? E%'?FJQ “rati o. AVENDED SHEET

4. A rotary apparatus as claimed jp claim 1 where in said vanes are provided with -
sealing elements blocking a leakage fluid flow across the vane edges,

5. A rotary apparatus as claimed in ¢laim 1 wherein sealing arrangements placed at the
liner and sleeve interface, blocking a Ieakage flow.

6. A rotary apparatus as claimed in chim | wherein communicating devices or flow
regulating devices such as ports or valves ate provided with, such that the said
enclosure is communicated or sealed 1o spaces outside the enclosure,

7. A rotary apparatus as elaimed in claim 6 wherein the communjcating device or flow
regulating devices such as valves, is so placed, operated and, or timed, such that the
apparatus be used as a compressor, motor, pumys or a metering device,

8. A rotary apparatus as claimed in ¢laim 7 in which communicating devices and/ or
with means of energy addition and removal are provided, so placed, operated and, or
timed, such that the apparatus be used as a prime mover like an interna) combustion
engine with a variable compression ratio,
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