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ZBIGNIEW GNUTEK-

Determination of the amount of medium in working
chambers of multi-vane rotational machines

Institute of Heat Engineering and F]uid Mechanics, Wrocław |Jniversity of
Technology, Wybrzeże Wyspiańskiego 27, 50-370 Wroclaw, Po]and

Abstract
The paper presents a comparison of flow types, which occur in rotational and volumetric

machines. Leak paths in multivane rotational machines are indicated and their characteristics,
i,e. length, width and height of their associated gaps, given. Formulae are also presented, which
allow to calculate the individual gas mass fluxes related to the gaps. Based on the formulae,
the gas mass contained in the working chamber is given for an arbitrary chamber position.
This gas amount fluctuates strongly when the chamber is being fiIled or evacuated, although,
in theory, it should remain constant in a closed chamber, As can be seen from the diagram
that recapitulates the calculations by the author, the gas mass present in the working chamber
during decompression decreases down to even 70Vo of its initial mass. Therefore, laws of the
variable-mass thermodynamics have to be used to analyze thermodynamic processes performed
by the gas, which is contained in the working chamber of a multi-vane rotational machine,

Keywords: Multi-vane rotational machine; Gas flow, Leakage
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area; area of the figure
whose position is described
by angle p, m2
vane width, m
gap width, m
hydraulic radius of gap, m
eccentricity, m

vane height, m
exponent of adiabatic/polytropic
curve
flow ratio
gap length, m
vane length, m
ma§s; ma§s of gas in the chamber
at the moment it is being closed, kg
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V.
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x(ę)

relative mass of gas in the chamber
gas mass flux, kg/s; gas mass flux
related to 1 m2of gap, kg/(sm2)
shaft rotations per second, s-1

z5 - coefficient of compressibility
Z(ę),Z(ę ł Lęt) Zlę(ę": ar)],.,. - re-

lative cross-section area of this' working chamber, whose position
is described by angle ę,ęł Lęt,
9(ę" : ar), .,.; this area value is
obtained by multiplying the rela-
tive cross-section area by R' [1]

al+a4 - angles that describe those
positions of the edges that
controlł the operation of a multi
vane machine, rad
critical pressure ratio
ith increase of angle 9, during
which leveling up of chamber
pressure occurs, rad

u - coefficient of dynamic viscosity,
Pa,s

,\ - angle between two consecutive
vanes, rad

p,(ę) radius vector of the contact point
between the cylinder and vane,
whose position is described by
angle rp, m

ę - coordinate of polar coordinate
system, rad

9s - coordinate that describes position
of vane-cylinder contact point, rad

u - rotational velocity, rad/s

p I p tę 1 
po ) p S s, Pt, Pu l P z, absolute pressure; fi nal,

ambient, suction, forcing, inlet and
tank pressure, respectively, Pa
pressure in the chamber, whose
position is described by angle p, Pa
rotor radius; cylinder radius, m
individual gas constant, J/kgK
Reynolds number

-<. sl, sr! Su,,!! - gap height; height of the vane's

s(r)

lateral gap; height of the vane's
front gap; height of the rotor's front
gap; height of radial gap, m

- gap height for coordinate r, m
T,T-,T",T(ę) - s* temperature; gas temper.

at inlet, in the tank and in this
working chamber, whose position
is described by angle g, respecti-
vely, K
tank volume, m3

velocity; velocity of side wall, m/s
length of this (projecting from
the groove) vane, whose position
is described by angle cp, m
coordinate to describe channel
height, m
nunrber to vanes

DPkr -
Lęo*

1 Introduction

Although rotational vane machines belong to the categoTy of volumetric fluid-
flow power machines, the flow processes inherent to them ale (at least partiali1,
different from this type of medium flow that occurs in rotodynamic machine"
some of these differences aTe listed in the table below.

volumetric machines

1. Basic form of substance transport between the inlet and outlet stud

o batch flow (quantified)

2. Flow phenomena accompanying the basic form of transport

o filling a constant-volume or variable,
volume chamber

Rotodynanric machines

r flow through diffusors and nozzles
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flow through a blade cascade

external leaks (through sealings)

o internal leaks (through radial and axial
clearances)

o flow within the boundary layer

r shock wave

o turbulence

. evacuating a constant-volume or
variable-volume chamber

o movement of gas contained in a chamber
with variable volume

r external leaks (through sealings)

r internal leaks (including those from the
inlet area that bypass the working cham-
ber, between adjoining chambers),

o flow within the boundary layer

3. Working medium velocity

o high and very high, often approaching
or exceeding the speed of sound

o predominantly low or medium (less than
100 m/s), rarely high

4. Stability of flow phenomena at an arbitrary point of flow channe]

r steady flow, or the one whose charac-
teristic varies almost monotonically during
machine startup or load variation; moder-
ate rate of parameter variation

o flow with a cyclically changing charac-
teristic; very high rate of changes (up to a
few hundred per second); steady flow is ob-
tained when the parameters that describe
it clrange identically in consecutive cycles.

The differences listed above show clearly that sepalate treatment of flow phe-
nomena in vane rotational machines is well grounded.

The transport of wolking medium from the inlet area to the outlet area, which
occLlrs in the working chamber, is inevitably accompanied by the flow through
gaps. Its effect on the operation of vane machines is by no means simple. A part
of the medium passes directly from the high-pressrrre area (e.g. from the inlet
area of an engine or decompressor, or the compressing space of a vacuum pump
or compressor) to the low-pres§ure area (the outiet of an engine or decompTessor,
or inlet of a compressoT or vacuum pump). Therefore, it does not participate
in the thermodynamic process that is performed in the chamber. Part of it
enters the chamber from those areas, in which gas pressure is higher than that
in the chamber at the moment; yet another part leaves it. The working medium
contained within constitutes a variable-mass thermodynamic system. The type
of process performed by the system depends on the alnount of medium flowing
in and out through the gaps and on the system's thermodynamic parameters,

Figure 1 depicts the main paths of gas flow in a multi-vane machine. The
aim of the present vrork is to propose a method of determining the mass fluxes
for the individual leaks and, consequently, the mass of the gas contained in the
chamber in its arbitrary position, The convention employed to describe a position
of the chamber and gaps, as well as flow processes themselves, corresponds to that
adopted in [1].
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Flow inlet + outlet
by gaps Leakages chamber -+ outlet

\i

.'. ' Emptying of chamber

Leakages between chambers

Filling of chamber,-", ,--^-,--,Z

Circulation of gas in
cto,9e_d 9p9ce

Figure 1, Flow phenomena in multi-vane expansion machine.

2 The method of determining the amount of medium
passing through gaps

Parts of a vane rotational machine, while moving with respect to each other,
form a number of gaps which differ in shape and character of movement exhibited
bY their constituting elements. Different can also be the states of medium at
opposite ends of the channels. Figure 2 show the most common types of gaps,

The gaP in Fig. 2a is formed by the stationary sid,e cover and rotor front. It
has the shaPe of a flat disk or ring with one end rotating. Its distinctive feature
is the Presence of a number (usually equal to the number of vanes) plessure zones
along its circumference. Figure 2b shows the gap between the flat side cover and,
the side of a vane that rotates in the rotor. The gap forms a channel with a
rectangular cross-section, the channel side traveling at a speed depending on the
distance from the rotor axis. The gap in Fig. 2c is often called a nozzle-type gap
[2,3], as it is formed by two cylinders with usually different diameters, staying
close to or even touching each other. Figs. 2d and 2e depict gaps that arise
between the vane front and tlre cylindrical surface of the rotor (e) or the machine
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cylinder (d). For the latter, the vane can be pressed against either the cylinder
or relieving rings. The gap that arises between the cylinder and those parts of
the vane front that do not slide over the ring, can be sizable. The form of such
a gap is mainly dictated by the shape of the vane front, which forms during the
cylinder-vane wearing-in process. The gaps presented in Figs. 2f and 29, and to
some extent in Fig. 2h, constitute channels generated by vast parallel surfaces
situated close to each other. The surfaces can be either cylindrical (f) or planar
(g and h). Usually one side of the channel remains stationarv.

a) A-A b)

Figure 2. Types of gaps in vane rotational machines,

In the following, length l, of the gap will be measured in the direction of flow.
The width ó, is generally assumed to be its greater (perpendicular to the flow
direction) dimension, while height s - the smaller one. Usually b" ) 8. The
hydraulic radius of the gap equals then:

_  b"sdH":Ęjlą=zs

and the gap relative length:

lrr: lrf d,p3 .

It should be noted that some of the channels listed above can be continuously
or cyclically filled with solid lubricants [4,5], which modify their geometrical char-
acteristics.

t:|- b iffi
Ę.ł,,,,,:;,;:1
-!_,i
,-.,.'_B-Ł--.
lt:_-!lt-j
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x

Figure 4, Influence the medium velocity in gap of wall movement: in direction of wall movement
compatible with direction of pressure drop (top), and in opposite direction (down),

The gas mass flux flowing through a given cross-section r of. the gap (1 m
wide) with a moving wall is given by:

I

t
a

I .';ę,u,")d,z . (2)

0

ińsjb,: o J wr(z)dz
0

The "+" sign in this and the following formulae which account for the move-
ment of one of the walls, refers to the case when the sense of the wall velocity
vector is identical to that of the medium.

Having allowed for (1), and after appropriate transformations, formula (2)
assumes the form:

- P [,,/(,\,],+ P
R|TJ 'R$

0

,lp,ffisjbr:7nrltźWr*, (2")

It can be easily seen from the equation that the gas mass flux flowing through
the gap can either be greater or smaller with respect to the case of stationary-wall
channel.
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3 Determination of the gas mass fluxes flowing through
the individual gaps of multi-vane rotational ma-
chines

Figure 5 shows the main gap types that exist in multi-vane machines, as well
as flow paths of the individual gas mass fluxes.

A| B-B A-A

Al Bl

Figure 5, Gap types and leakage paths of gas in multivane machines; a) expansion machines,
b) compression machines,

The major leak path is through the gap between the rotor front and the side
cover. The gap height is sr, the length l"., depends on the areas it connects,
Through this main gap, gas flows mainly from:

o the high-plessure area (pr,p1) to the low-pressure area (prr,po), addition-
ally branching off to the working chambers (p7.),

o the working chambers (pk) to the low-pressure alea (p"r,po).

a)
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A pressure drop occurs along the gap, similar to that in the working chamber.
Tlre gas, that flows through the gap in the vicinity of the chamber, assumes the
Pressure aPProaching that of the medium in the chamber. One can therefore
a§sume that the leak through the front gap originates mainly from the area where
tlre pressureispr,pl to the areawhere it is equal top"" orp6, The gap width b",
at the inlet, is equivalent to the length of the arc on the rotor surface, which is
exposed to high pressure. This length is contained within the range O < lr, < 2r.
For greater numbers of vanes, the leaks from the working chambers to the areas
of tlre lowest pressure should also be allowed for in this gap, The widths of their
respective gaps would correspond with the length of the rotor arc between two
consecutive vanes, while their effective lengths would be equal to the average of
the imagined chords that outline the gaps. The relative lengtlr of the gaps lies in
the range 500+1000.

Besides the leak patlr described above, there exists also in the front covel aTea
a gap between the vane side and the cover. Its height equals s7, length - Ir: b,
and its width b, is determined by the length r of this part of the vane which
protrudes from the groove. Tlre gap relative length ranges from 30 to 100. This
gap enables a meditrm flow between two consecutive chambers.

In many types of machines, especially those with a small number of vanes,
the medium passes - through the radial gap 9 - directly from the high-pressure
area to the suction or outlet area. The width of this gap equals the length Z of
the rotor; its shape is similar to that of the Laval nozzle.
. If relieving rings are present, or when the vanes are fixed to the shaft, there

can also exist a gap between the vane front and the cylinder bearing surface. This
gap width is the chamber length minus the width of the rings; the values for the
lreight and length are sr and b, respectively,

An additional, wedge-shaped gap, having tlre average height sb, exists between
the vane and the walls of the groove in which it moves, and through which the
medium passes between the working chamber and the after-vane space in the
groove, or between two consecutive chambers, This flow is only possible, when
the vane does not have a constant height. The length of the gap is variable and
depends on the length r of this part of the vane that projects from the groove.
The average value of the gap length is expressed as h - r; its width is equivalent
to the vane length.

Equation (1) will be employed for the calculation of the individual gas mass
fluxes. In order to distinguish between the different channels through which the
leaks arise, the indexes that describe length l, or width b, or the gap, and also
coefficient Ko, ate provided with the denotation of the leak path. Moreover, if
the values result form averaging, the supplementary index sr also appears. The
PTeSSure and temperature in the working chamber are assumed to be a function

L79
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of g - an angle that describes the chamber position, Below, the relationships will
be presented which permit calculation of the gas mass flux associated with the
particular gaps.

3.1 The gas mass flux zn*r. flowing from the high-pressure area
to the low-pressure area through the front gap

The flow of gas occurs between areas characterized by steady pressrrre values.
"High pressure" means plessrrre at the inlet of an expansion machine - p.,, or the
forcing plessure p1 in a compression machine. Similarly, "low pressule" means
plessure p9 at the outlet of an engine or compressor, or the suction pre§Sule - p§s.
Both the average length and the width of the gap depend on the rotor position
and vary cyclically with a repetition interval of

1

zlI7ob

this being equivalent to the variation of angle rp equal to;

Aę:2rfz1:\,

Therefore, by defining two periodic functions dependent on the number of
vanes ą) angLe ,ry', and angles d1 * Q4, variations in l"rn* and br.n", can be
associated with the position of an arbitrary working chamber.

By way of geometrical analysis [7], one obtains that

. T/_ 01 T9zr
L"-r", = ź|2 * sin --j * sin --:- 

)

- / d, r9olb".,", ł r(cos 7 + cos ź ) - a-

where;
d- - diameter of rotor shaft at the point where it crosses the side cover;

'3t,8z - central angles which describe those arcs on the rotor circumference
vlhich are subjected to pressure other than maximum or minimum.

Figure 6 shows an example of the way the functions vary depending on the
position of a selected chamber.

During the chamber's rotation by angle
assume a number of constant values.

By applying equation (1), one can write

,\, the quantities l".n* afLd b"r,,r,o,

ńrrn: srbr.nrrKr. OO

",1ę;W (3)
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9
2n

Figure 6. The way the function vary values t9r and t9z.

or

(4)

The value of. Kp.n for a given gap can be taken from the diagram in [2].

3.2 The gas mass flux znprri flowing from an ith chamber to the
low-pressure area

This flux can be determined in a way similar to that presented above by
assuming, that the high pressure is the pressure in iŹh chamber, from which the
outflow occurs. The pressure value is pr(ę). Average dimensions of the gap are
expressed as:

l"ł,l",(9): r lsinł *r'r, U -t)^.l,L 2 2 ),
bł,m,,(v):i^, |.-+ *,,"!*] ,

where j - number of those chambers (preceding the vane, whose position is de-
termined by angle p), from which the flux rn6,, flows out.

Allowing for that, one can write

ńn,l,(ę) : swbslenźsr(d K pk iffi (5)

ń-n:s.b".n,,Ko."ffi\ffi

ńł,łę) : s ulb sknisr(ę) K oł,o -# (6)
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In the gaps refelred to the relative velocities of walls are small, so their influ-
ence on the mass flux value is negligible.

3.3 The gas mass flux that flows between pairs of adjoining work-
ing chambers through the side gap of the vane

This flow occuls through the gap between the vane side and the side covel.
Pressures in both adjoining chambers are p(ę) and p(ę -.\), respectively.

The flux of gas that flows when the gap walls are stationary and the vane
fully separates these chambers, in which the medium is being compressed, can be
calculated from the formula:

ńnt"(ę) : sp(ę)Ko*ffił (#)' - r .

When the medium is being expanded in the chambers, then:

Tlre relative velocity of the vane with respect to the cover is expressed as

1usrl: 
1,,:|p"@) + rl ,

By allowing for this formula and (1a) as well, the gas mass flux passing a moving
channel can be obtained from:

ńxl,,(ę): 
{,* i**!}ńrrra (9)

The "+" sign in the above expression refers to the situation, in which the
direction of flow is consistent with the direction of vane movement (the medium
is being expanded).

3.4 The gas mass flux rnp6 flowing from the chamber to the
after-vane space

The flow of gas through the gap in the groove, which connects the higher-
plessure chamber with the after-vane space, cannot proceed more quickly than
the rate of mass increase in this area due to volume increase, The flux thus
estimated won't be exceeded, because the after-vane pressure won't be higher
than the pTessure in the chamber, from which the gas is flowing. This flux is
expressed as:

{7)

(8)

ńkb^u*: ubLr'(ę)ffi-*' ( 10)
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where ,'(ę) - derivative with respect to g of the function that describes the
height of vane projecting from the groove.

3.5 The gas mass flux rn6 flowing between two chambers through
the gap between the cylinder and vane front

If gap §" cannot be regarded as negligible, then the gas flux has to be con-
sidered which flows between two adjoining chambers with different pressures.

By allowing for the fact, that the velocity of the re]ative vane front-to-cylinder
movement is given by

wa: aPs(9)

The following expression can be derived, which yields the gas flux flowing
through the gap when the vane sepaTates these chambers, in which compression
takes place:

ń*",(ę): 
[, 

_ :TH,,rN,r"ffi
Similarly, for the case when the vane separates

is being expanded:

(1 1)

these chambers, in which gas

( 13)

(L2)

3.6 The gas mass flux rnp" flowing through the radial gap with
height 9

This sort of flux can be calculated for gaps of the Laval type, using the
relationship [3]:

a, _ t |tz*,ion-Tn',io(ffi-ffi)7e
dr - s(r) 

{c* - e#ł|,(*)1,r,\

in which geometrical parameters s(r) and r, as shown in Fig. 7, appear.
The analytical form of the function s(r) is as follows:

s(r) : !rF:7_łr2_iż_e.
The gap length l"7., equals 2rrf z1. The flux valre ń'!16, obtained from

Eq. (13), will allow to ca\clilate ń|;

ńku: ńrjbL . (14)
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iT
Figure 7, Relationship of gap height for its length for eccentric circles,

By allowing for the movement of the rotor surface with lespect to the cylinder
one obtains:

(74a

4 Mass of the gas contained in the working chambel
of a multi-vane rotational machine during one ful]
cycle of operation

For simplicity sake, the analysis of the working chamber filling level in multi.
\rane expansion-type machines is usually started by assuming such a workin6
chamber position, which correspond to the angle <p = -\l2,

If a1 ( ),f 2, then the gas which fil]s the chamber has its inlet parameters
Tllis case is discussed further. If, however, a1 > ),f 2 is assrrmed, than the pressul(
and temperature of the gas in the chamber result from earlier processes, so fol
the chamber position characterized by the angle rp : 9(9, - or) - ), they art
expressed as p|ę(ę,: *r) - )] and TIę@, - a1) - )], respectively; the mass o]

the gas is given as:

ńka.:|r-źń]"-

^lę(ę,- *r) - }] : a2 rz|ę(ę, : ot)_ 
^l 

?[g_(P" : 01) - 
^] 

_"'a,rlę@: ar) _ )]
(15)

In the process of further rotation of the rotor, the "initial" vane of the chambel
exPoSeS the inlet edge and initiates the phase of intentional unsealing of the
working Space) during which the filling of the chamber occurs. The first moment
of this process is accompanied by the necessary equalization of pressures in the
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working chamber and the inlet area. Most often p"(ę) < p.,, which means that
"loading" of the chamber takes place.

F,- idem

]*'idem
V"p o

outlet space

Figure 8. "Loading" the working chamber.

By treating the channel, which connects the inlet area with the chamber, as

a convergent nozzle (see Fig. 8), the process can be regarded as an adiabatic
(although not isentropic) gas flow through a rnzzle into a variable-volume tank.
The flux of gas that enters the tank depends on the ratio prfp- and on the
minimal cross-section area of the nozz|e,4(rp). PressuTe pu is usually steady and
p"(ę), T"(ę), Vr(ę), ald Ar(9) are some functions of position rp,

If p"lp. ś Ppr, then:

185

łEm,
where 9p - velocity coefficient, depending on the nozzle shape.

If prlp, ż 0łr, then the flux mp6 is given by:

F, , t,b+1
ńkd: l(ę)ęo|k(ń)--'

ńkd: orrrrr ffi

"e
m(ę) : mlę(ę,- o,) - )] + * J ńro@laę .

Pu (16)

(17)

The overall amount of medium in the chamber for an arbitrary moment from
the beginning of "loading" is:

( 1B)

If A(ę) is sufficiently high, then the angle Ap1, during which the "loading"
takes place, is small, This often leads to the assumption that the pressure equal-
ization occurs immediately.

chamber of volume variable

V(q) ,T.(q)
a p,((p)
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When the inlet pressuTe p., is attained in the chamber, the amount of gas
present in it is equal to:

m(ę + Lę) : ffi^'rr(ę + Lęt) .

Flrrther filling of the chamber, connected with the volume being increased, is
much slower and lasts until the chamber comes to the position characterized by
the angle ę, for which:

9,(ę): az .

At the same time, the working medium interacts thermally with the chamber
walls and part of the gas flows through the gaps into the areas, where pressure
is lower than p.. The thermodynamic parameters of the gas for an arbitrary
chamber position are thus: p(p) = p, and T(rp). Because of the heat exchange
and gas escape through the gaps, this temperature differs from Ę. The amount
of medium contained in the chamber:

m(ę) : a2up1_!ł_ .nrT(ę)' (20)

The closing of the chamber initiates the expansion phase. It is started by the
gas closed in the chamber at the end of the filling process. The gas mass is given
by,

(19)

(21)

,
i

ńi.dg , (22)

*lę,@) - r"z]: R2l,Z(9,: .r) nł#: *r) ,

During expansion, i.e, when the chambeT assumes positions described by the
angle p which fulfills the inequality

az<ę,(9)(os-)
the mass of the gas in the chamber changes due to the flow through gaps, It is
expressed for an arbitrary moment by:

9

m(ę):mlę(ę":*r)] +1 t Y,-ooaę-7u.l-a
p(ę":az) ?'

9

I
ę(p":az)

where:

Dńla
i

Dńl,
J

the sum of all the i mass fluxes entering the working chamber

lńpł, (ę), ńx", (ę), ...];

the sum of all the j mass fluxes leaving the chamber

Ińn"(ę), ńłł,(ę * \), ńp",(,p + 
^), 

ńnu^u*]i

ę(?r: oz) the angle describing such a position of the chamber, that
9s: d2,



Deternrination of the amount of medium. . .

When the vane exposes the edge a§sociated witlr the angle a4, the working
chamber and outlet area become connected. An appropriately selected angle a4
ensures, that p|ę(ę" - 03) - )] : po. If , due to a design erroT, pressure p[9(ęi, :
03) - A] : po is lower than p6, the medium tends to return fronr the outlet area
back into the chamber. The mass flux associated with this gas can be calculated
from formulae (17) and (18). If, on the other hand , plę(ę": 

"s) - )] > pg, then
the medium will flow out of the chamber and its associated ga§ mass flow can be
obtained from the relationship:

. lf polp(ę) < 0n,,

f-. , . k+]

ńk-: A(,Ąz,ik(#)r-

o or, if polp@) ) 0łr:

p(ę)

łEF6' (23)

(24)

The quick increase ot A(ę) leads to a rapid decrease of the chamber-opening
criterion and, consequently, the discharge or loading occurs very quickly (since
Ąę2 is small). It is therefore often assumed tlrat this process is instantaneous.
At the end of it, the amount of medirrm in the chamber is:

m(ę + Aęz) = Eą*neazUlę + Lęz) , (25)

When the working chamber ttrrns from 9 : 9(9r: 03)-^ to ę : ę(ęr: ąą),
i.e. during the ejection phase, the pressure within it remains constant at the level
of pg. The temperature, however, depends on the thermal interaction with the
chamber walls. The amorrnt of gas contained in the chamber for any chamber
position in the interval of cp values discussed, can be calculated from the formula:

m(ę) : a2ulę1__&_
nr.I(ę)

(26)

During the final stage of rotor rotation, and when g ) 0, the compression
phase is effected, which lasts when the chamber passes through positions de-
scribed by angle rp in the range p(cp, - *ą) < ę < 9(ęr: or) _ ). The amount
of working medium in the chamber is then determined by the relation:

m(ę): mlę(ę,: or)] + j ,
k

ę

I
p(ę,:oą)

ęl
ę(p":oą)

Dn,oaę - Ł
l-

ńn-dą, Q7)
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where:

Dńta the sum of all the l gas fluxes entering the chamber at this phase,
I

Dńp,, the sum of all the k fluxes leaving the chamber.
k

After connecting the chamber with the inlet area (9 > 9(ę" - ,r) - ) the
cycle repeats itself.

The most srritable starting moment for the investigation of the amount of gas
in the working chamber of a compression rnachine is when, after having been
filled, the chamber has just been closed, i.e. for 9 : 9(9, : o,4). The mass of
the medium is then expressed as

mlę@" : *n)] : n2 lZ|ę(ę, : aa)];;7]L-
ni] L9\9s: 6'4)]'

For ę(ęr: c"4) ś ę < ę(ęr: *r) -.\, this can be transformed into:

9ę
m(ę):mlę(ę":.n\+I l \n*aę-* !

ę(p:aą) ' ę(ę:aą)

(28)

During the further rotation of the chamber by the angle of Arp3, the chamber
is opened and the pressure equalized. Both fluxes * the one which flows into and
the one which flow out of the chamber - can be calculated from formulae (16),
(77), (23), QĄ, In some cases, i.e. when Aęe -- 0, the processes are regarded
as instantaneous.
When [p(ę, : or) - )] + Acp < ę < 9(ę,: o2), then:

When g ) 0 and 9(ę, : c.2) < ? < 9(9, : a2)- ), then during expansion:

9a

|mpd,v, Q9)

(30)

m(ę):mlę(ę,:.r)]+* I \-*,oaę-! I
ę(9":oz) ' ę(ę":az)

D*r-ar. (31)

When the chamber is opened during its rotation by Lęą, the equalization of
pTessule takes place in the chamber and suction area. If Lęn --r 0, the plocess
can be treated as immediate. From the moment the pressures ale equalized and
the chamber fully unsealed, the phase of filling the working space starts, which
lasts unti] 9 : 9(9, : *n). The amount of medium in the working chamber
during that interval can be determined from the equation:

(32)
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When the chamber is closed again [p : 9(9r: ał)], a new cycle of operation
begins.

By employing Eqs. (3-14) and Eqs. (18-22) and (25-32), the mass of gas
for the working chamber's arbitrary position can be calculated. The essential
parameters that permit to find out the mass of medium are the medium's ther-
m.odynamic parameters * pressure p(9) and temperaturer1r).In [8], the author
proposed relationships that allow to determine them.

A first approximation in these calculations can be the assumption that these
parameters change as they would in an ideal machine (e.g. adiabatic compression
and decompression of a constant gas amount in hermetic chambers, and isobaric-
isotlrermic intake and ejecting the medium).

Besides determining the absolute mass of gas, the necessity sometimes arises
to determine the relative gas amount. Assuming as a reference - for example
- the mass of gas contained in the working clramber, at the moment it is being
closed (i.e. |-lę@": az)]] : mw), the relative amount of gas in the chamber
ffi, as defined by the ratio

m(ę)m:-
mu)

can be investigated.

compre§slon
. ideal machine

real machine

expansion

Figure 9. Relationship of relative mass of gas in the chamber for position angle.

Figure 9 shows a sample relation between ń, and angle <p for an expansion
machine. The calculations were carried out for specificatioli §; : stł : 0.03 mm,
s17 :0; _B: 60 mm, r : 58 mm, _L: 120 mm,

It follows from the diagram that when the gas contained in the working cham-
ber performs the expansion process, its mass decreases. In calculations carried
out by the Author, the relative gas mass at the end of the process covered the
interval of, m :0.9 + 0.7, sometimes even less, depending on gap sizes, medium
inlet parameters and geometrical dimensions of the machine. For medium masses

189

(33)

m(q) 
= ńm

!n
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fluctuating so strongly, relationships derived for the case of the constant gas mass
carr lead to considerable errors, if applied to the description of thermodynamic
processes of that type.

Final remarks

In the paper, a characterization of medium flow through volumetric rotational
machines is attempted. Taking a multi-vane machine as an example, leaks paths
and transport modes of the medium from the in]et area to the outlet area are
shown. It is pointed out that the working chamber is by no means the only place
for such a flow to occrrr.

Discussed is a method of calcu]ating the amount of working medium, which
flows through gaps with both stationary and moving walls. The characteristic of
gaps which are present in multi-vane machines is given and analytical formulae
proposed that allow to determine the individual gas mass fluxes.

Based on tlre formulae given, the amount of medirrm in the working chamber
is calctrlated during its full rotation and the rn quantitv defined, which indicates
the relative mass of medium in the chamber. By visualizing, for a selected set of
data, this dependence on chamber position, it was possible to show the strongly
varying (decreasing) amount of gas which performs the expansion process - up
to 0,7 of initial mass. Tlre gas mass fluctuation in the chamber during the plrase
of expansion makes it necessary to employ for the analysis of thermodynamic
plocesses the methodology pertinent to variable-mass systems,
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