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ANALYSIS OF OPERATION OF MULTISLIDING-VANE VQCUUH PUMPS

Zbhigniew Gnutek, Euguninsz_Kalinonski
Institute of Heat Engineering and Fluid Mechanics,
Technical University of WrocYaw, WrocXaw, Poland

Abltract

The paper presents theraodynasic analysis of processes that
occur in sultisliding-vane vacuum pueps, operating in the
tank-emptying layout, For a pump with a clearance space, 1limit
value of vacuum obtainable has been deterained, as well as tank
esptying rate and power required to drive the puap. A foraula
for egzerqetic efficiency of pumping process hat been derived,
An experisental method of indicator diagras detersination has
been discussed for a sultisliding-vane vacuus pusp without a
clearance space.

Nomenclature:
b — vane thickness

B - egzergy .
e - eccentricity

L - length of working chaaber
”R - mass

b ~ rotational speed

N - power

P = pressure

r - rotor radius

R - cylinder radius

Ri = individual gas constant
T - temperature

V - voluse

Y - radial clearance

Zk(@) = relative cross-sectional area of vane aachine

al-aa—
A - angle

angles describing positions of control edges
between successive vanes

o =~ compression ratio

T - time

© — angular coordinate
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Fig. 1. Qutline of a systea, from which gas is being resoved
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as a
—vane rotational compressors. This is justified by the
processes within a vacuus pusp are sisilar, or soastiaes identical,
in compressors. However, when taking the function of a pusp within

to



technical systes into consideration, one can point out a number of the latter’s
functional goals, which justify the need for separate treatsent as far as
thersodynasic analysis of sultisliding-vane rotational vacuuam puaps is concerned.
One of them is the process of tank emptying. It is present in many branches of
technology and in laboratories. Fig. 1 gutlines a systea, from which 9as is being
resoved. Its initial thermodynamic paraseters are p ., T,and V. Parameters of an

area, into which gas is being transferred, are Pys T':l and V = w. The design idea of

the pusp is presented in Fig. ‘2. Mot specified. in the picture is the design
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Fig. 2. Design idea of sultisliding-vane vacuus pump.

paraseter L, i.e. length of the working chasber. Puap timing control (Fig. 3) is
achieved by means of proper localization of the control edges (K1 to KA)' Their

positions are characterized by angles ay rCy and are constant for a given pusp

type. Therefore, for sultisliding=vane vacuus pumps one can reasonably speak of a
constant value characteristic of thes, which is internal compression ratio [6l]. It
jis determined by formilae:

- for adiabatic cospression puaps:

p v k Z, (cy) K
".A=p—k*=[uL]=[z—'fa—fﬁ] ™
i ] k k1 .
- for isothermal compression puaps:
Py V' Zk(aq) @)
= 2 o B e —— 2
wl Py Vk Zk(cx1 ) R
where: Py’ V“ - gas pressure and working chasber voluse at the beginning of
coapression,
Py v, - 9 pressure and working chasber volume at the end of cospression,

Zk( ) = relative cross-sectional area of the working chamber as a function of

angular position specified in the parentheses [al.

The relative cross-sectional area Zk() depends on  design paraseters;

consequently %y is dependent on the paraseters and the type of coapression process.
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In a tank/vacuus pump/ambient systes, introduction of the external compression
ratio [6] is also justifiable according to formula:
Pt
O‘z= p— (3)
s
where: P, ~ 9as pressure in the discharge pipae,

P_ — 9as pressure in the suction pipe.

Multisliding-vane vacuum pumps, which reaave gas from a closed tank, operate at
variable external compression ratio (ps = pp * ides). This results in practical

inequality of external and internal compression ratios, otherwise being the aeost
favourable case.

2. Multisliding-vane Vacuum Pump with a Clearance 3pace

Depending on radial clearance magnitude y, various physical wmodels of
aultisliding-vane vacuus pump operation are relevant. If y = 0, no sedium flux flows

back fros the delivery area to the suction area. If y > 0 and Gy - oy > A (see Fig.

2), there exists a clearance space within the sultisliding-vane puap, due to which
some part of the mediua exhibiting parameters like in the delivery area (or similar)
returns to the suction area. Presence of the return gas flux ieplies, that pressure
in the systea (tank) lowers until the mass .. of the working wmediua within the

working chasber being just closed during filling period equals the reverse flux sass
. - In the absence of other types of return flux, the 8, #ass asounts tos:

2b
N /
3 «2b]\2 Za p,
\discharge l ,
expansion N2a

4a
Compression Fige 3. p - V diagram of a asulti-

: e sliding=-vane vacuua pusp with clearance
. space
by N9/ 1o
n

- Vs = Vmax

pi

|
<

_ o2 . Po
SR LT ey rr; (a)
Morecver,
- R2. Pp
l“— R. L - Zk(Cl4) : R_;-_T': (5)
Allowing for (4) and (5) and equation L o, the following is obtained after
transformations:
T z
Po = P~ zkzzz';' (6
o k'3

In the above forsulae, pp and Tp are gas pressure and tesperature in the tank at any
aoaent, relatively. Relationship between the limit pressure obtainable pp and nuaber
of vanes, ensuing from equation (), is shown in Fig., 4. The formula can also be
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used to assesc the sffect other design paraassters have on pp.
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Fig. 4. Relationship between pp ain and nuaber of vanes.

Similar diagram can be made, when aill return fluzes LI are known. If
T
s = z J' - dt (7)
T
o

then the equation a__ = a__ should be used.
f3-) &r

Dynasics of pumping process depends both on properties of & multisliding-vane
vacuus puap, and voluae of an area being evacuated. Assuaing TD = Tz and isothermal

compraession/expansion, gas pressure within the tank at any msosent T can be
deterained fros the formula [4]:

) Zk(aq)-Zk(uz) Zk(all) z'nub‘r Zk(cxz)
PoLT) = By | ) (6]
k' 4 v k' 4
where: V = %-— -~ relative voluse of the tank being evacuated.
R7L
The time elapsed until pressure value p is obtained asounts to:
Po
In [T - Zk(aq)-lk(az) ]
Zk(aq)-zk(azJ
T = (9)
Zk(qu)
LA In[i-—:—]
v

Mosentary delivery of a sultisliding-vane vacuus pusp is evaluated fros the
equationt

p_(7)
. N 2“ . p i i -
np(r) =R L g g -P(r) (10)
i [
where:
- Po 1
-pt‘r) =7 - [zk(u‘l) - W . Zk(ﬂz’ ] “n
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Mosentary driving power of the pusp jis as follows:

=R L . . - R 12)
Np(e) = RS Lo a Pp(T) - IR Ty + N (
where the relative driving power lﬁp(r)l can be evaluated *rom the relationship;.
Z (a =A) Z (c,=\)
- L - k'3
N(T) =2 Z (,) - 1n tzZ -2 (7) - Z(x,) - 1n +
[ k' 4 Zk(aq) z k'72 Zk(az)
fz-z(_)\)- O‘(T)' Hzﬂ_),_ —14-
K'% 2 Z (a~n)
k'3
Z (a,)
. - k_ 4 1
-z - zk(al—X) {az('r) [W] } ( 3)
where Nf ~ Work dissipated due to friction of vapes [2, 43.
Nomentary, time-varying external compression ratio is equal to;
p
_ o
o, (1) = pp(r) (14)

Fig. 5 shows relationshipg existing between pp(r), ;p(r) and lﬁ;(r)l for a selected
set of design variables.
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Fig. 3. Relation betwsen Pp(T)s ;p('r) and [N (7)|

for a -ultisliding-vang vacuua pusp with clearance Space

In order to asses thersodynam;c effectiveness of the pump, the sase valyes

can
be used as those for compressors (1, 2, 4]. The effectiveness

of gas removal froa



the vacuum area can be estimated, on the other hand, with the use of egzergetic

efficiency [3]:
AB

zb
N = T 13)
bp Lnap
where: Alzb - wgzergy increase within a closed system limited by tank walls,
L"‘p - work of the pump-drive engine.

EqQzergy increase within a closed systea limited by tank walls amounts to [3]):

8 2 i Pp Tp
zb=B V(Dp‘po)—R'L'V'{R—i.—T—p‘[Cp'(Tp-To'To'lﬂT——)+

o
. oy
* T Ry 1n 3: ] - (pp- po) } (16)
whare: B - the sua of potential, kinetic and thermic egzergy for gas contained in

the tank.

3. Multisliding-vane Vacuum Pump without Clearance Space

As already msentioned, a vacuum pump with y = 0 is conspicuous by the fact, that
(alaost) no sedius flux flows back through the radial clearance. This =sakes
necessary to introduce a correction into the p = p{V) relation representation for
any working chamber. In a vacuum pump with non-zero clearance space, voluae of the
working chasber never reaches null. In a vacuum pump with no clearance space, volume
of the working chamber changes from V=0 to V= U.al and then again to V= 0 (see

Fig. 6).

vy
r
/> A A

’ \:‘
/ . \\
4 ’ — = DN .
; W closing vane

working cham- < orking Cha r
ber formi preceding vane 'S aarin

Fig. 6. Formsation and disappearance of the working chaaber
. for a pump without clemarance space

A new working chamber starts forming, when the preceding vane of this working
chamber, which position corresponds to the angle of ¢ = T — A, PAESES cylinder/rotor
contact point. It is fully forsed, when the closing vane comes to p = 7 position.
The chaaber starts to vanish, when the closing vane has turned by the angle of p =
3 - A, and ends when ¢ = Xz. The rotor turns by an angle of & during the period
betwean forsation beginning and coaplete disappearance of the chamber, £ being equal
to:

-S=3-1't-(1‘t-k)=2-n+k=2-ﬂ-[3-—-:——1-] an

This means, that the full working cycle duration of a sultisliding-vane vacuus _pusp
with y = 0 depends on nuaber of vanes and corresponds to the rotar rotation by an

angle of &. This relationship holds alse for one- and two-vane pusps.

The necessity above aentioned of introducing a correction into the p = -p(V)
relation representation for the y = 0 case arase froa interpreting experiaental data
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obtained from sultisliding-vane vacuua pusp tests {3). Fig. 7 presents a plot_ of
experisentally derived relationship of pressure versus chaaber position for a
selected type of a foursliding-vane vacuua pump without clearance space. The plot

k Pa]
150 ppl =
100 /

50 [re—— =

fuling . disch
Compres;
0 s(on U4
ir LA ¥ 2r 15; T ar

Figs 7. p = 1(p) relation for a four-vane puap

has been abtained by pasting together a nuaber of pressure vs. time curves taken
fros an oscilloscope screen and produced by measuring points arranged radially in
the puap body. .

The relation thus derived has been next transformed to the p = f{p) relation.
Nusber and arrangesent of the ae3suring points have been so selected, as to obtain
the pressure sensing of working chamber pressure during the whole working cycle.
Fig. 8 shows p -~ v diagram derived by dnalyzing the plot of Fig. 7,

kP,
150 PlkPa]
H-N‘uf\l-ﬂ\hf\/-Nlrv/\\
100
Ly T — >
Vicm*]
01 FZ3 D Fal 0

Fig. 8. p - ¥ diagraa for a four-vane pusp with y = 0

The diagrass indicate that the process running in the working chamber can be
divided into three stages, that ot filling, compressing and discharging. Absence of
expansion stage provides Justification for regarding a vacuua pusp with Yy 0 as an
ideal coepressor,

4. Final Resarls

Multisliding-vane vacuua pusps, apart from drawbacks (friction), display a
number ot advantages, owing to which they are readily used as initial or low vacuue
Pumps. Their thermodynamic description however is . not completely consistent with
that of sultisliding-vane compressors, especially if they are used in  the
tank-eaptying layout. Multisliding-vane pumps with (y # 0) and without (y = 1]
clearance space should be distinguished between and differently described. The
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authors propose also the oaployssnt of aegzergetic efficiency to
tank-saptying effectiveness.
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