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SOME ASPECTS OF DESCRIBING PROCESSES
IN SLIDING-VANE ROTARY MACHIMNES

Zbigniew Gnutek, Eugeniusz Kalinowski
Institute of Heat Engineering and Fluid Mechanics .
Technical University of Wroclaw, Wroclaw, Poland

Abstract

In the paper, various aethads of geosstrical description of
sliding-vane rotational machines, as found in publications, are
considered. Choice and sodification of one of them has been
proposed. With regard to precise analysis, formulae have been
obtained to calculate the working chamber voluse for any
chasber position and for any type of sliding~vane rotational
machine.

Nomenclature:

- cross-sectional area

= vane thickness

~ eccentricity

= length of working chamber

- rotor radius

= cylinder radius

volume

= radial clearance

- angle between successive vanes
= radius vector

- amplitude; angular coordinate
= vane/rotor radius inclination angle
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1. Introduction
Nany publications appeared in recent years discussing theoretical and
experimental results of tests on sliding=-vane rotary sachines (see for example [1,
» 35 41). A nueber of aethods have been used in them to describe sechanical,
thersodynasic and flow processes and to carry out the geosetric, kinematic and
dynamic analysis of sliding-vane machines; various coordinate systemas are therein
applied., This makes it difficult to compare the results obtained and leads often +to

sisunderstandings. Besides, it makes superfluous variables appear scmetises in the
mathesatical model.

Geosetric fore of sliding-vane rotational machines implies, that values required
to describe the machine operation (like cross~sectional area of the working chaaber,
working chasber volume, lengths of linear and circular segeaents) are calculated
approxisately, approximation degree being different for particular authors. WMith
Powerful microcosputers becosing widespread, design offices and research centres are
looking for precise numeric algorithas, which do not necessarily assume the fora of
a simple equation.

With regard to the statement made above, the authors would like to put forward a
convention concerning geometric description systematization of sultisliding-vane
rotational esachines. In the opinion of the authors, this will provide a aore
readable description of geometric values, as well as of phenosena and processas
relevant to these machines. We also intend to point out some properties of the Z(y)
Tunction, particularly its ability to evaluate working chasber voluse at any chamber
position and for various types of smultisliding=vane machines.

2. Coordinate System
In almost all publications, cylindrical coordinate systes is wesployed for
describing multisliding-vane rotary machines (Fig. 1a). The system converts into
polar coordinate systea (Fig. 1b) when things are being considered within the plane
perpendicular to the Z axis. The choice of the Z axis is still undetermined.
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Fig. 1. Coordinate systess esployed to describe
aultisliding-vane rotary sachines
a - cylindrical, b - polar.

In some cases this is the cylinder axis [1, 2 1, in other the rotor axis ([2].
For further analysis, the authors have adopted pasically a coordinate system with
the Z axis running through the rotor axis and the polar plane determined by the axis
and its nearest cylinder generatrix. The z = 0 plane runs through the chasber side
cover surface.

3. Arrangement of Points, Vanes and the Working Chamsber
in Multisliding-vane Rotary Machines

With the coordinate systes adopted, the machines can be described from the
geometrical point of view, i.e. position of arbitrary point, segaent and figure, as
well as that of the working chamber; length of a segment and arc, area of a figure
and volume of a solid (working chasber, e.g.) can all be described. Also procasses
to which parts of the aachine are exposed (sovesent, friction) can be specified in
that way. This applies still more to the description of the thersndynamic state (ps
T, i) and representation of processes, which the gas contained in the working
chasber undergoes (i.s. heat exchange, flows, cospression and decoapression).

Fig. 2 outlines the cross-section of a sultisliding-vane rotary sachine. In the
coordinate systea adopted, the position of an arbitrary point (e.g. point C on the

o3
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this is the working chasber
. the position of which is
e described by angle ¢

Fig. 2. Cross-section outline of a sultisliding-vane rotary aachine
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cylinder surface) is determined by two coordinates e and pc. The vane positien is

given by specifying coordinates of either twe points situated on the wvane, or of
vane axis/rotor surface intersection point and vane/rotor radius inclination angle.
Coordinates of the (1) vane (Fig. 2) are equal o = N A LA and w. When

considering a machine with constant r and ¥, then the only variable, which describes
position of the vane is the vane amplitude . Values relating to the vane, which
vary with the rotor rotation, will be thus functions of w (e.9. x{p), Pi(p)).

Position of the working chasber is usually determined in publications [1, 2] by
specifying position of the bisector of the angle A contained between vanes lisiting
the chasber (angle 3 in Fig. 2). This however implies certain inconveniences,

consisting in principle in necessity of two at least (sometines three) position
coordinates for one given chamber (i.e. position coordinates for the vanes and for
the chamber itselt). In order to avoid this cosplication, the author's proposal is
to determine the working chamber position by mmans of coordinates of one of its
lisiting vanes and to adopt the convention that the vane in question will be thevane
which ®closes" the chasber in the sense of chamber sovessnt direction (vane (2) in
Fig. 2)» Then the angle ¢ becoses the coordinate of the working chaaber position and
all quantities relating to the chasb and chasber sedium. This convention is also
useful for one- and two-sliding vane machines.

4. Merking Chamber VYoluae

Mindful of the sisplifications generally applied to calculate voluse of the
working chasber being in arbitrary position, the authors reconsidered the above
relations. With no simplifications assuaed, they derived foraulae, whose
applicability exceeds sultisliding-vane rotary sachines.
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Fig. 3. Working chamber outline

Fig. 3 shows schesatically a working chamber in position characterized by angle
¥ and specifies its disensions necessary to calculate the chasber voluae.

The working chamber volume equals to:

Wp) = A(p) - L 1

1201



where A(g) - cross=-sectional area of the chasber.
According to designations of Fig. 33

Me) = Apewg * Apng ~ Paes = Paaur @

BolL ™ Pk " (2)

In the abave foraula the following meabers can be distinguished:

AAEHB('p) - cross-sectional area of the working chamber for a sachine with y = 03
y =03 b=0.
A = RE ¢ 2 (o)
AEMB 1 1 N (3)

: e
Z,(p) = FI—{A-% [:in(P"M /1 - [;—l]z sinf(p + A) +

++-ar:sin:—sin(pi'h)-ﬂﬂ@“/l~' [—; ]2 sinzp +
i;_ 1 1

-1 arcsin’—sinp] +
L L

Ry

- %[_;_1] [ A - sin(e + ANeas{p + ) + sing cosp ]} %)

Apma(¥)3 AhEG(p) - areas of fTigures arising by inclining the vanes by an angle of ¢

towards the rotor radius.

= R .
Apeg = R1 PI(P) (3)
The Pltv) function is represented by the following foraula:
w
a,(p) 72 '
P lp) = J _;_ {/1 - [—: ] sinz[w + rﬁ(vb)] - :os[w + ?’“(P)]} dpo  (6)
1

0

Functions lh(p) and rA(qo) in the above Tormula are defined as follows:

8, (p) = Ry \,/1_-2 [—;1][ - —;1](1 - €os p)- | V)]

Ry sin o
rn(p) = arc sin - (8)
1 -ﬁ('p)

Valye of hB“(p) can be evaluated from equation (4) for a vane in a position

described by the angle of ¢ + A2

2
= . 9
ABHO R1 PI(P +A) ("

Vane thickness is allowed for in the ‘fornul-u for “aGHF('p) and ﬁm“_(p). The sus of
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the areas is equal to:
L2
= RS+ 10)
AAGHF(‘D) + Am“_(p) R1 PZ(P) (

where the Pz(p) function is given ‘bys=

e, (p) -2
_1 b - [ "a 2
Pz(p) —E—il {J 1 [—R-l—-—-] sin [W"‘?’A(P)] +
o (p + N), 2 2 '
+/1-[RA --]sin[w+}:‘(@+)x)] +

1

- co’[w + rA(p)] - cos [w +rale + M]} “n

If the rotor does not adhere closely to the cylinder, i.e. if y = 0, then the

chamber cross-sectional area should be increased by AHKPN(p)'
-
‘HKPN = R1 Ps(:p) (12)
where P3(p) is given by the foraula:
- [ 20 + )\ oA e 2 + A A
P3(9)={)L 2R_1"c“__2'_ “"2+2R1tgw51" 7 sinz+

1 1

—tqw[/- [~:—]zcinzp‘-/- [-;—]zsinz (p+>;]}l,;—‘.+

y
R Ry

13)

xlﬂ'

Having allowed for (2)s (4), (&), (11) and (13), equation (1) assuses the Tfollowing
forms

2
V() = RZL - [ -;_ [lefp) = Pylp) + Pile + ) - Pale) + PS(P)] =

«R2L - Z(p) (14)

wharet 2
= -z - - 1
Zte) [ R] [thp) PI(R) + P (0 + 1) ~Pytp) + Ps(p)] (15)

In the above foraula, 2(#) represents relative cross-sectional area of the working
Chamber of an expansion~type sachine (motor, compressor). The fors of the equation
(15) eaphasizes the fact that variables A, e/R, y/R, b/R and ¥ are regarded as
paraseters, and the variable ¢ as an arquaent.

Evaluation of the warking chasber voluse in an arbitrary chaaber position is
thus reduced to determining the Z(p) value for a3 given angle # from forsula (15),
The chaaber position, when the chasber voluae is already known » is found by so0lving
4 simple nonlinear equation, which can be done wasily by using standard nuserical
Procedures and microcosputers.
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5. Application of Z{yp) Function to Other Machines

The Z(w) function can be useful when evaluating other types of weachines. For
compresaion sultisliding-vane rotary sachines (coapressors, vacuua puaps), the polar
cogrdinate systea is produced fros the systea presented in paragraph 2 by rotating
the polar axis by an angle of Ap = n. The Z(p) function can then be employed, if the
expression ¢ + 7 is assumed as an arqguaent.

V() = R+ Z,00) . (16)

where: VK(p) - the working chamber volume of that compression-type vane rotary

machine, wherein the angle ¢ is used to describe the chasber position.
Zk(p) - relative cross-sectional area of the working chasber for this

sachine.

ZK(P) =2 (g *+ n) (17)

Solving nuserous technical probless requires svaluation of area for a segment of
a tigure forsed by two non—concentric circles (Fig. 4). If figure ABCD is assumed to
be the segaent in question, then its area equals to the working chasber area in the
chasber position of '3 A amounts then

v to Ap’. Then ~

A R2 - Z(e”) (18)

ARCD

(f)l

The valus of 2(¢’) has been determined’

| for a machine of a conventional nusber
- ——-f:;r - - of vanes z * Zn/Ap’. The nusber can

€ . > . assuse values from within the range of

r Ay B 2 =2,

R (@) The Z(¢) function can also be used
(o AB0D for rotary piston aeachines (one-
sliding vane rotational msachines). To
describe these sachines, a polar
coordinate systes is usually used
related to the cylinder centre (Fig.
Fig. 4. Arwas of figures contained 8). If the rotor position is
betwesn non-concentric circles determined by the coordinate p in this
coordinate systes, then the working

chamber cross-section is represented by figurw ABCD.

To evaluate area of the figure, no
sore than a conventional cospression
machine should be analyzed with the
aocmentary rotation axis in point Ou.
The point acts alse as a acsentary
pole, the conventional polar axis
being the half-line 0,0. Then position
of the conventional working chasber is
described by the angle L L - The

vane is inclined to the rotor radius
at the angle ¥y The other vane is

alsost completely inserted into the
groove (point C). The angle bstween
the vanes equals Xu = . The following

is true for such a chasber:

2 i
hAiCD = A(p) = R (18)

ey W M /R, b/R, y/R)

where Zk(pu, L ku’ e/R, B/R, ¥y/R) is

Fig. 5. Area of the figure which the relative cross—-sectional area of
fores in a rotary-piston aachine. the working chasber of a conventional
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vane rotational machine. Paraseters LTI and Xu are functionally dependent on .

The Z(¢) function would also appear in those thermodynamic relations for vane
rotary machines, where working chasber volume or voluse ratio is involved.

6. Final Remarks

The presented aethods of describing vane rotational sachines and evaluating
working chasber voluae have been applied by the authors in design and research
studies over the machines. The microcosputer software package worked out for the
purpose and the Z(y) function tables are intended for universal and extensive
application by engineers working in the area of vane rotational sachines.
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