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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document specifies methods for measuring the performance data of positive-displacement
vacuum pumps. This document complements ISO 21360-1, which provides a general description of the
measurement of performance data of vacuum pumps.

The methods described here are well known from existing national and International Standards.
The aim in drafting this document was to collect together suitable methods for the measurement of
performance data of positive-displacement vacuum pumps. This document takes precedence in the
event of a conflict with ISO 21360-1.

© IS0 2020 - All rights reserved v
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ISO 21360-2:2020(E)

Vacuum technology — Standard methods for measuring
vacuum-pump performance —

Part 2:
Positive displacement vacuum pumps
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3.1
gas

Scope
rance, power consumption, and the lowest start-up temperature of positivesdisplacemg
\ps, which discharge gas against atmospheric pressure and with a usual base pressure <

his document, it is necessary to use the determinations of volumeé flow rate and bas
cified in ISO 21360-1.

5 document also applies to the testing of other types of pumps which can discharge ¢
ospheric pressure, e.g. drag pumps.

Normative references

following documents are referred to in the téxt'in such a way that some or all of th
stitutes requirements of this document. Fordated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

21360-1:2020, Vacuum technology — Standard methods for measuring vacuum-pump perfi
E 1: General description

Terms and definitions
the purposes of this document, the terms and definitions given in ISO 21360-1 and the follo

and [EC maintain.fepminological databases for use in standardization at the following aq

[SO Online bréwsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

ballast

5 document specifies methods for measuring the volume flow rate, base pressure, water vapour

nt vacuum
10 kPa.

C pressure

Pas against

Pir content
pplies. For
[s) applies.

brmance —

wing apply.

dresses:

gas

3.2

orairinletintothe cv\rnpf volume of the pumnp

water vapour tolerance

sz

0

maximum water vapour pressure which can be conveyed by the pump without condensation in the pump

Note 1 to entry: If there is no problem of water vapour condensation, e.g. when an oil and water separation unit is
included, maximum water vapour pressure is acceptable.

Note 2 to entry: The test report should contain the ambient conditions.
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3.3

water vapour capacity

mass of water which can be conveyed by the pump without condensation per time

Note 1 to entry: The test report should contain the ambient conditions

3.4

swept volume

Vsw

input volume, which is conveyed by the pump during one cycle

3.5
saturatiorn
Ps
pressure e
(liquid or §

Note 1 to enftry: For each substance, saturation vapour pressure is a function of temperatune only.

3.6
water vap
temperatu

3.7
compressi
energy neg

4 Symb

Symbol

a

Pr,0

K

on energy

frequency

PH,0

Ps

vapour pressure

pur saturation temperature
Fe corresponding to the water saturation vapour pressure (3.5)

ded to compress a gas volume

ols and abbreviated terms

relative humidity of air
ndiabatic exponent

molar evaporation energy

Designation

pressure-increasing factor to open the.exhaust valve

power consumptionof the pump at ultimate pressure at specified rotational w

power consumption of the pump at ultimate pressure at specified rotational fre- W
gquency with maximum gas ballast

maximum power consumption of the pump at specified rotational frequency w

kerted by the vapour of a pure chemical substance in equilibrium with a condensed phase
olid or both) in a closed system

Unit

%

J/mol

standard atmospheric pressure

air partial pressure of exhaust gas

water vapour partial pressure in atmosphere

air partial pressure in atmosphere

water vapour tolerance

saturation water vapour pressure

saturation water vapour pressure at temperature T

Pa
Pa
Pa
Pa
Pa
Pa

Pa
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qy

qys

volume flow rate of the pump

volume flow rate of the gas ballast duct
general gas constant: R = 8,314 3
temperature corresponding to pr
environmental temperature

exhaust pump temperature

IS0 21360-2:2020(E)

m3/s
m3/s
J/(mol-K)
K

°C

°C

exhaust temperature without throughput

corrected exhaust pump temperature for water vapour
exhaust saturation temperature dependent on p;
exhaust volume

swept gas ballast volume

swept volume

adiabatic compression energy

adiabatic compression energy for water vapour
adiabatic compression energy for air

correction factor for the pump exhaust temperature

5 |Test methods

5.1

Measurement of the volume flow rate

5.1/1 Measurement methods

thr}

5.1f2 Throughput method

Thd

applies

me flow rate measurement methods are specified in ISO 21360-1:2020, 5.1, 5.2 anld 5.3. The
ughput method-or the pump-down method shall be used for the volume flow rate me
If np other descriptions or experimental arrangements are shown, those of ISO 21360-1 shal

hsurement.
I be used.

standard method is the throughput method. It can be used for all pumps to which thi§ document

The volume of the test dome shall be >2Vy,, where Vg, is the swept volume, for rotary plunger-type
and fixed vane-type vacuum pumps. The volume of the test dome shall be =5V, for other types of

vacuum pump. The type of test dome shall be in accordance with ISO 21360-1.

The transition to the pump inlet flange shall be made through a 45° conical adaptor, as shown in
ISO 21360-1:2020, Figure 1, if the inlet flange diameter, Dy, is less than the inner diameter, D, of the test
dome for positive displacement-type vacuum pumps.

© IS0 2020 - All rights reserved
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5.1.3 Pump-down method

The pump-down method is suitable for smaller pumps (e.g. up to 0,01 m3/s), because a large test dome
is required. The volume of the test dome shall be larger than the expected maximum volume flow rate,
in cubic metres per second, multiplied by a factor of 120 s.

5.1.4 Operating conditions

The pump shall be connected to the equipment shown in the experimental setup and switched on. Before
taking the measurements, the pump should be operated unt11 it has reached its normal operat10nal
temperatuge ationa Sk 3 3 3 6 i

frequency.

If the test pump has a gas ballast device, the volume flow rate shall first be measured without and then

with gas bgllast.

The environmental conditions shall be in accordance with ISO 21360-1.

5.2 Measurement of the base pressure

The measy
same expe
first witho
the order h

rement of the base pressure is specified in ISO 21360-1:2020, 5.4. It is measured with|the
Fimental setup as specified in ISO 21360-1:2020, Clause 5. Fhe-measurement shall be done
ut and later with gas ballast. The measurements can be eaxried out in random order when
as no influence on them.

5.3 Measurement of water vapour tolerance

Water vap
pump. Sev
example of

Several me

bur tolerance is specified as the maximum pure-water vapour pressure at the input of]
bral methods of water vapour tolerance méasurement, in pascals, have been reported
the measurement method of water vapour‘tolerance is given in Annex A.

thods of water vapour capacity measurement, in kilograms per second, have been repor

An example of the conversion between water vapour tolerance and water vapour capacity valug

shown in R

See also R4
5.4 Detg

5.4.1 Ge

The power
used. The
pressure, v
inlet press

eference [1] p. 331.
ference [1] p. 329-333, and Réference [2] p. 60.

rmination of the.power consumption

neral

consumption of the pump varies with the inlet pressure and is different if gas ballas
power.consumption should be measured for the following operating conditions: at &
vith-and without gas ballast, and at maximum power consumption, with the correspong

the
An

ted.
s is

tis
ase
ling

lLire, Maximum power consumption is reached when the pump is operated at the maxinrum

electrical

NOTE

dad
Uvvel TICCTUTU.

There are some pumps which cannot be operated at maximum power consumption continuously.

5.4.2 Measuring conditions

The rotational frequency should be in the range given by the manufacturer. If no limits are defined, it

should not

5.4.3

deviate more than +3 % from the specified rotational frequency.

Measuring procedure

Install an electrical-power measuring device between the mains power and the pump or the power
supply. Measure the real power consumption using this device. If the pump has an electronic power
supply, frequency filters are allowed.

4
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First, operate the pump, filled with any lubrication specified by the manufacturer, for 1 h with both
the inlet valve and gas ballast valve closed. Then measure the power consumption three times over a
period of 15 min. The power consumption for the base pressure, P, is the mean of these three values.

Measure the power consumption at base pressure for the specified range of continuous operation with
gas ballast, P, with the gas ballast valve open, after the pump has reached its temperature equilibrium.
Then measure the power consumption three times over a period of 15 min. The power consumption for
the base pressure with the gas ballast valve open, P, is the mean of these three values.

After that, operate the pump for the period specified by the manufacturer. Then measure the maximum
power consumption in typical operation modes and at different rotational frequencies, including the
modle of maximum power consumption. Measure the power consumption three times over fa period of
15 min. The maximum power consumption, P, ,,, is the maximum of these three measuriemnjents. If the
range of operation is specified, measure P, ., in the specified range.

max

The value of current should also be measured in a similar fashion to the power consumption|

5.5 Lowest start-up temperature

The lowest pump temperature is that at which the pump can be started,with the vented inlgt using the
motor provided. Cool the vacuum pump, filled with any lubrication specified by the manufactfurer, down
to the lowest start-up temperature specified by the manufacturer Ifno start-up temperature is specified,
coo| to 12 °C. Before beginning the measurement, measure the\pump temperature. If elecfronics are
usef in connection with the pump, make sure that no water«apour condenses on these partg.

Then start the pump; it should reach 80 % of its nominalxétational frequency within 10 min|.

For[pumps specified to start under vacuum at the inlet, the start-up temperature should be £18 °C.

5.6 Measuring uncertainties

Measuring uncertainties shall be determinéd in accordance with ISO 21360-1.

© IS0 2020 - All rights reserved 5
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A1.1 Ge

If vapour,
the exhau
and re-eva
corrosion
through a

Annex A
(informative)

Measurement of the water vapour tolerance

eral

specially water vapour, is conveyed by a vacuum pump, it can condense in the pump be
t valve opens against the atmospheric pressure. Condensed liquids mix with’the pumyj

ore
oil

orate in the suction range of the pump. This leads to higher base pressures and possiblly to

n the pump. To avoid condensation, admit air or another non-condensable gas to the pt
pecial gas-ballast duct, which may be closed with a valve.

mp

Pumping df water vapour can raise power consumption and temperaturé with some types of pump,

which lead|

Using wat
condensati
using dry :
throughpu
exhaust gal
powers for
rise caused

A1.2 Ex

See Figure

5 to a higher saturation vapour pressure which supports a higher water vapour tolerancg.

br vapour for measurement is a direct method, but<ené which can lead to unnot
on in the pump. Therefore, in this document for oil-sealed pumps, a method is speci
iir instead of water vapour. The temperature rise ofithe pump, caused by an equivalent
, is used to determine the water vapour saturatien temperature. The temperature of
ses is measured, dependent on the inlet pressure, p;. Because of the different compres
triatomic water and diatomic air moleculeg;; it is necessary to correct for the temperat
by air.

perimental setup

b A1 and A.2.

ced

fied

air
the

10N

ure
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T—

Key
test dome (referred to in the throughput-test type configuration ASO 21360-1:2020, 5.1.2)

flow meter [measures gas ballast throughput B(PB +p )]
test pump

gas inlet valve
hygrometer (measures relative humidity, (szO)
vacuum gauge (measures inlet pressure, p;)

thermometer to measure exhaust pressure temperature
pressure gauge for exhaust pressure

O© 0 N O U1 b W N =

pressure gauge for atmospheric préssure

Figure A.1 — Arrangement for the measurement of water vapour tolerance

© IS0 2020 - All rights reserved 7
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20

L0

1
Q
+/ a—]
i
0,50

D
Key
1 temperpture measuring point for T,
2 pressulle gauge for exhaust pressure
D  inner djameter of the pipe
a 0 to 0,5[D.

Figure A.2 — Pipe elbow for measuring pump temperature and exhaust pressure (example

—

A.1.3 Determination ofthe water vapour tolerance

The equatipn for the water vapour tolerance is:

GysPp Psl 1+(P, / pg) (b / by ) P,
Ay apy—Ps

pHZO = n.1

Setting the factors 1 + (p,/pg) and ap,/pg to a value of 1 results in the commonly used Formula (A.2):
_sPs Ps—P,

dy Py ~—Ps
For better accuracy, Formula (A.1) is used in the following.

Ph,0 (A.2)

The values of gy, qy; @, po, pg and p, can be measured directly, but not that of the water vapour saturation
pressure, p.. Because air is used instead of water vapour, the exhaust temperature, T,, is measured as
a function of different inlet pressures, p;. During compression in the pump, no heat exchange with the
environment occurs. That means that the compression is adiabatic. Because of the different adiabatic

8 © IS0 2020 - All rights reserved
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exponents, k, for air and water vapour, there are different consumptions of compression power. The
compression energy is given by Formula (A.3) (Reference [1] p. 249):

k-1

K OCPO K
W, =——np V. ||l — -1 A.3
ad -1 P1Ys ( Py ] ( )

The temperature rise of the pump is proportional to the compression power consumption and is
different for air and water vapour. As a result, the measured pump temperature, T,, shall be corrected
by the ratio W, H,0 IW,oga-

The relation between the saturation vapour pressure, p,, and its associated temperatllre, Ty, is
desfribed by the vapour pressure Formula (A.4):

mPs __Lf1_1 (A4)
pr, R(T Ty
wheére
L is the evaporation energy;
R is the general gas constant;

Ty, py. are two values from the water vapour equatignssee Annex C (e.g. Ty = 323 Kand
0 pr, =12,24kPa).

The value of T, should be chosen to be near the temperature range of the pump.

In Hormula (A.1), Py,o Can be substituted by the&inlet pressure, p;:

_aysP Ps[1+(p, /1) ]-(opy / Py ) Py

121 (A.5)
dy Py —Ps
Rearranging Formula (A.5) to giye p, yields:
apy
ps=0py— (A.6)
* 0 (may /pgyn)+(py /pg)+1

Rearranging Formula-(A.4) to give T, yields:

T, =1/ [i—B np—S] (A7)
n L p
0 T,

ind]cating the relationship between inlet pressure, p;, and the saturation temperature, 1,.. Thus, a
caldulated exhaust saturation temperature curve as a function of the inlet pressure can be generated.

IMPORTANT — Formula (A.7) is only valid for constant evaporation energy over the temperature
range used.

At this juncture, both curves, the measured pump temperature curve, T,(p;), and the calculated
saturation temperature curve, T,,(p;), can be plotted on a graph (see Figure A.3).

© IS0 2020 - All rights reserved 9
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360 I
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B 1 L / 4 |
- ) = / |
i L= /2 A |
- s
I
330 ,/ i
l— . |
B I
- /' 3 i
320 4 '
10° P 11,0 10*
P
Key
1 exhpust pump temperature, T,
2 corfected exhaust pump temperature, T,
3 exhpust saturation temperature, T’
T exhpust temperature
p wa]:r vapour saturation pressure
Pyo  Wwatler vapour tolerance value

Higure A.3 — Exhaust temperature and water vapour saturation temperature
vs inlet pressure (example)

A.1.4 Magasuring procedure

At differenf air throughputs, operate the pump with the gas ballast valve open for a period of time yntil
the pump femperature has stabilized. Higher inlet pressures generate higher pump temperatures. [The
gas throughputSrshall be chosen so that the inlet pressures are of the order of the expected whter
vapour tol¢rance, Ph,0 -

The experimental setup is shown in Figure A.1. First operate the pump with the gas inlet valve closed
and the gas ballast valve open until the temperature rise over a period of 15 min is <0,5 K. Then
measure the exhaust temperature, T, and the gas ballast throughput, q,3(pg + p,), and maintain
them at constant values during all subsequent measurements. Next, admit dry air to the pump inlet,
adjust the first inlet pressure, p;, with the input valve, and measure the equilibrium temperature of the
exhaust gas, T,. Repeat this step for a minimum of four different inlet pressures. At least one of the inlet
pressures should be higher than the expected water vapour tolerance.

Subsequently, measure the following values: the environmental temperature, T;, which should be
within the limits described in ISO 21360-1; the atmospheric pressure, p,; the relative humidity, gonO , of

the environmental atmosphere, expressed as a percentage.

10 © IS0 2020 - All rights reserved
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The volume flow rate of the pump, q;, should have been measured previously (see Clause 5). The
measurements may only be started if the atmospheric pressure, p, is <107 kPa. The pressure difference
between the exhaust pressure, p,, and the atmospheric pressure shall be +1 kPa.

A.1.5 Evaluation of the measurements

The measured temperature values, T,, have to be reduced by the ratio of the adiabatic compression
energies [given by Formula (A.3)] of water vapour, W_, H,0 with k = 1,333 3, and of air, W,,,, with

k = 1,4. The correction factor, W_,, is given by
%1%
d, H,0
W, =—2 (A.8)
7%
ada

Valties for W, are listed in Table A.1.

Table A.1 — Values for W/,

Po/P1 Wer =Waa 10 /W
1000 0,849 %

200 0,887 5

100 0,903 4

50 09189

20 0,9389

10 0,953 5

T,o|is subtracted from the values of T, associated with the inlet pressures, p;, and the [difference,
T, 1 T, is multiplied by W,_.. The corrected temperature difference is then added again to T}:

Toer = Wer (T = Top) + Ty (A9)

T,.}1s the corrected pump exhaust temperature for water vapour and is plotted against p,|in a graph
such as Figure A.3.

To ¢btain the exhaust saturation temperature curve, T,(p4), insert the measured values of p;, gy, and
po ipto Formula (A.6) te get, as the first step, the saturation pressure, p,.

The atmospheric preSsure due to water vapour content, p,, can be obtained from

Do = Pp + D3

Meadsure'the relative humidity, ¢H20' as a percentage of the saturation water vapour prgssure. The

watler-vapour partial pressure is:

Ph,0

P, = ps(Ty)

Table C.1 lists values of p,(T,). Hence follows: pg = p, — p,. The factor a can be set to around 1,1. With
these values, calculate p, with Formula (A.6) for all inlet pressures p;.

Then, in a second step, calculate the exhaust saturation temperatures T, using Formula (A.7), inserting
the saturation pressures, p,, from Formula (A.6). Set T to 323 K; the corresponding saturation pressure,
pr. is 12,34 kPa. In the important temperature range 50 °C to 100 °C, the molar evaporation energy, L,

is 41 922 J/mol and the general gas constant, R, is 8,314 3 ]/(K-mol).

© IS0 2020 - All rights reserved 11
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Plot the exhaust saturation temperatures thus calculated against the inlet pressure, p;, on a graph, such as
Figure A.3. The abscissa of the intersection point of these two curves is the water vapour tolerance, Ph,0 -

A.1.6 Measuring uncertainties

The following values can influence the accuracy of the water vapour tolerance, Ph,o

a)

b)

c) press
d) molar
e) water
f) exhaus
g) correc
and all oth
12

environmental temperature, T;;

atmospheric pressure, pg;

TE-INCTEaSINE factor to Oper the exiraust valve, o;
pvaporation energy, L;

content of air used for inlet into the test dome;

t pump temperature, T;

ted exhaust temperature, T,_;

br values used in the above-mentioned formulae.

© IS0 2020 - All rights reserved
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Annex B
(informative)

Calculation of the water vapour tolerance

For inlet of pure-water vapour for one pump cycle, a good approximation is obtained from the ideal
gasgawe

pBVB+paVB+pH20VSW _opY;

T, T, T, T,

(B.1)

Theg Boyle-Mariotte law for the gas ballast air part is:

peVg =Dp2V>

Herlce it follows that:

|74
v,= bp’B
p;

The opening pressure of the exhaust valve is:

apg =P, + ps(T) (B.2)

Putfing in p, and V, results in:
0PoPpVg ps(T3)
PeVe+0. Ve +oy oVow =—————=<PgVs/ | 1—=5 (B.3)
B'B " Fa'B T PH,0"SW apy -, (T5) B'B ap,
Herce it follows that

Vg Pg

p =
120 Vo [ 1-(pg Ly

)—pB —pa} (B.4)
or

Vg b {Ps[1+(p, / g ) F-(opyp, / Pp )}

Py,0= (B.5)
2 oy Py —Ps
The fermula for the water vapour tolerance is (Reference [1], p. 247):
Vg pg(ps—p,)
pHZO — B B S a (B.6)
Vow 0Py —Pg

Formula (B.5) contains factors 1 + (p,/pg), which is nearly 1, and ap, /pg >1,1, whereas Formula (B.6)
does not. Both factors should be considered, because no further measuring values are necessary.
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