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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 SO atso take part m the work. SO cotfaborates closely withthe tnternmationatEtectratechnical

Commission (IEC) on all matters of electrotechnical standardization.

Draft Internptional Standards adopted by the technical committees are circulated to the member,_bodies fpr voting.
Publication jas an International Standard requires approval by at least 75 % of the member bodies casting g vote.

Internationa) Standard ISO 15212-1 was prepared by Technical Committee ISO/TC 48, (Laboratory glassware and
related apparatus, Subcommittee SC 4, Density measuring instruments.

ISO 15212 ¢onsists of the following parts, under the general title Oscillation-type density meters.
O Part 1:|Laboratory instruments
O  Part 2:|Process instruments for liquids

Annexes A aind B form an integral part of this part of ISO 15212. Annex C is for information only.
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Oscillation-type density meters —

Part 1:
Laboratory instruments

1 Scoq

This part
in labora
laboratory

e

of ISO 15212 specifies metrological and other requirements for oscillation=type density meters wh
ories for all kinds of homogeneous fluid samples. In addition, a methoed for adjustment and @
instruments is given. The instruments are either stand-alone units or part of more comple

equipment supplying additional test parameters of the sample.

This part
such as j

of ISO 15212 does not describe the method of use of density'meters for particular applications
etroleum products or beverages. Such methods of use can-be defined by relevant institutions sug

responsilple government agencies.

This part
referencq

This part
conformit
of density

of ISO 15212 does not define an instrument spedcification for any particular application. For this
should be made to the relevant standard covering the method of use.

of ISO 15212 is addressed to manufacturers of density meters and to bodies testing and ¢
y of density meters. In addition, this part,of ISO 15212 gives recommendations for adjustment an
meters by the user.

2 Nornmpative references

The follo
ISO 1521
parties td
most rec
Internatig

ISO 3584

ving standards contain-provisions which, through reference in this text, constitute provisions of
2. At the time of¢publication, the editions indicated were valid. All standards are subject to r
agreements based on this part of ISO 15212 are encouraged to investigate the possibility of

bnt editions (ofdhe standards indicated below. Members of IEC and ISO maintain registers of cy
nal Standards.

:1998y'Borosilicate glass 3.3 — Properties.

ch are used
alibration of
measuring

or products
h as ISO or

information

ertifying the
d calibration

this part of
bvision, and
applying the
rrently valid

Aoz a/las £ A ) 4 o A fie J & " py) J
ISO 369L.J—UOI , vvralCl Turn drialytcdr ialuratur y Uot — opcuiniieatior arfir tcot 1rictrivous.

IEC 61010-1:1990, Safety requirements for electrical equipment for measurement, control and laboratory use — Part 1:
General requirements.

IEC 61326-1:1997, Electrical equipment for measurement, control and laboratory use — EMC requirements — Part 1:
General requirements.

IEC 61326-1:—1), Amendment 1.

1) To be published.


https://standardsiso.com/api/?name=8dac3ea1dbf9686fc8265bc3a9c9bdc8

ISO 15212-1:1998(E)

3 Definitions

For the purposes of this part of ISO 15212, the following definitions apply.

NOTE
Metrology".

3.1
adjustment

(of a density meter)

©1SO

The definitions and terms used are in agreement with the "International Vocabulary of Basic and General Terms in

operation of bringing the instrument to a state of performance suitable for its use, by setting or adjusting the density
instrument constants

NOTE B
application. 4

3.2
calibration

set of opq
correspond

NOTE B
during the ag

3.3

parasitic reg
those oscill
"counter md

4 Princip

4.1 Meas

The sensor
frequencies
contain the
the sample

4.2 Funct

Oscillation-t
a) adens
b)
c)
d)

a devic
a devig

a devic

y adjustment, systematic measuring deviations are removed to an extent which is necessary for the
Adjustment demands an intervention which permanently modifies the instrument.

(of a density meter)
rations that establishes the relationship between the reference density -of. 'Standards
ng density reading of the instrument

y calibration, no intervention is made which permanently modifies, for example, the instrument con
justment procedure.

onant points  (of a density meter)
Ation frequencies at which the natural frequency of the denSity sensor is affected by oscillatio
1SS", comprising the rest of the instrument

le and functional units

Liring principle

5 used in density meters are electricallycor mechanically induced oscillating systems, whose
or periods are a function of the sample density. Depending on the sensor design, the sensor @
Fluid sample or be immersed in it. Instrument constants of the adjusted density meter are used to
Hensity from the oscillation frequency or oscillation period.

onal units

ype density meters_shall consist of the following functional units:

ty sensor capable of either being filled with the sample or of being immersed in it;
e to excite~and control sensor oscillation;

e to determine and display the density and the oscillation frequency or period;

e't0 determine and display the sample temperature for which the measured density is valid;

provided

and the

stants set

ns of the

pscillation

an either
calculate

e)

a system to detect and display malfunctions and operator errors.

The functional units a) to c) are designated as the oscillation system. In addition, oscillation-type density meters can
incorporate the following functional units:

f)
g)

h) sensor

a unit for controlling the temperature of the sample and density sensor;

sampling devices;

cleaning devices.

All functional units a) to h) can be integrated into a single instrument or can be separate units.
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|
|
z D } —i Display I Temperature
|
|
|

E Malfunc

tion

A Densi

B EXcitg
C Signa

5 Dens
5.1 Sern

Density g
or plastio

against t

special fq
the resist

a)

b)

c)

The sensormmateriatis consideredto be Tesistant i themass of thetest piece s thanged-by thetestp

Weigh a clean and dry(test piece identical to the sensor material. The maximum permissible

bala

Imm
e.g.

Afte

C —i Display I Density
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I
ly sensor (4.2a) D Temperature measurement (4.2d)
tion transmitter (4.2b) E Functional monitoring (4.2€)

evaluation (4.2c)

Figure 1 — Functional units of adensity meter

ity sensor

sor material

ensor materials can be, for example; borosilicate glass 3.3 in accordance with 1ISO 3585, metal,
S. The material is considered to be_suitable if it shows in resistance tables the highest class ¢
he samples to be measured and the cleaning agents to be used in the density meter. Erosion
rms of corrosion shall be censidered in this respect. Where there is no literature or practical da
ance of the sensor material should be tested as follows.

hce shall not exceed*0,01 % of the test-piece mass.

prse the test piece in the fluid to be measured with the sensor, under the intended measuring
femperatdre'and pressure.

124 remove, clean, dry and weigh the test piece.

metal alloys
f resistance

as well as
ta available,

error of the

conditions,

less than + 0,05 %.

5.2 Sensor design

ocedure by

Density sensors can be designed as straight, U-formed or omega-formed tubes. Other designs are tuning-forks,
cylinders, bells or membranes. All designs which conform to the functional principle in accordance with 4.1 can be
constructed.
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6 Requirements and tests

All the tests

of clause 6 are intended to be type tests.

6.1 Oscillation system

6.1.1 Drift

©1SO

6.1.1.1 Within 24 h, the drift of the displayed density Apy4 at a constant temperature of 20 °C shall not exceed 1 %
of the maximum permissible error specified by the manufacturer of the instrument.

If the density

matar ic ot doacianad for o s ciimina tamanaratien Af 2N 0 thn Adeift of tha manan maacivina +an

of the densi
6.1.1.2 Swi

Adjust the i

Fill the insfrument three times and measure the density of water of Grade 2 in ac¢eordance with 1SO

(20 +0,1) °

Repeat the
10 days. Th

To calculate

Appa

where At is

If the densi
measuring t

6.1.2 Effeq

6.1.2.1 The
the requirer
sound velog

6.1.2.2 Use
sound velo
materials of

6.1.3 Deviation between sample and sensor temperatures

et T o O O C oI C U o T HTIC oot T gt P ottt C O 20— O, e oot e e ar T e aour i ig—teT

ly meter shall not exceed 5 % of the specified maximum permissible error.
tch on the instrument and allow the temperature to equilibrate for 24 h.

hstrument (see clause 7) in accordance with the manufacturer's instructions.

C. Record the mean value of the threefold measurement p;.

measurement (without a new adjustment) and repeat the mean value. calculation p, after a mi
e instrument and thermostating device shall be in operation durifg the whole test procedure.

the drift, use the following equation:

| _P2=p1
At
he difference in days between the two threefold.measurements.

ly meter is not designed for a measuring“temperature of 20 °C, testing shall be performed at
emperature of the density meter.

t of sample viscosity

hents of clause 9 when measuring samples of different viscosities and, where appropriate, with
ities.

Newtonian liquids_of known densities and viscosities as well as, where appropriate, known den
ities which suit_the intended application of the density meter. The liquids shall be non-corros
the density Sensor. Testing shall be performed in accordance with clause 9.

perature

3696 at

nimum of

he mean

oscillation system shall be constructed in such a way that the maximum permissible errors cgnform to

different

sities and
ve to the

6.1.3.1 The

oScillation system shall be constructed and built in such a way that the deviation betwee

h sample

temperature and sensor temperature at the moment of display of the result does not exceed the values given in 6.2.

6.1.3.2 Check the displayed density of the instrument over a defined time period. For this

O

g

switch on the instrument and set the measurement temperature to 20 °C;
attemperate the instrument for 24 h;
precondition to 30 °C a reference liquid with high thermal density dependency;

fill the density sensor with the preconditioned reference liquid.
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The first density value displayed by the instrument as valid or read from the instrument after a time period specified by
the manufacturer is compared with the density value displayed after 10 min. The difference between the two values
shall not exceed 20 % of the maximum permissible error specified for the density meter by the manufacturer.

NOTE

Bromobenzene or n-nonane are suitable examples of reference liquids for this test.

Warning: Bromobenzene is a hazardous substance and may not be permitted under Safety Regulations.

If the density meter is not designed for a measuring temperature of 20 °C, testing shall be performed at the mean
measuring temperature of the density meter.

6.1.4 Effect of oscillations

6.1.4.1 r}teasurement deviations arising from the effect of oscillations of instrument parts on the density

not exce
measurin

6.1.4.2 H
may not
exceed 2

6.2 Ten
6.2.1 R
The tem
contact W

be greatq

NOTE

If the apg
be multip

6.2.2 T4

The mea
by direct

The indir
the densi

O at2(
0 ata

O ata

d 20 % of the maximum permissible error, specified for the density meter by the manufacturer, ov|
g range.

xamine the oscillatory characteristics of the built-in density sensor provided by the manufactur
show, over the whole density measurement range, any parasitic resonant points (see 3.3) wi
D % of the maximum permissible error specified for the density meter by thesmanufacturer.

hperature control and measurement
quirement
erature sensor shall be built-in or a separate temperature unit'shall be fitted in such a way that g

ith the sample is guaranteed. The deviation between thecdisplayed and actual sample temperatu
r than the maximum permissible error of the density meter multiplied by the factor 0,2 °C-kg-1.-m3.

sensor shall
er the whole

er. This test
nose effects

ood thermal
res shall not

For the definition of this factor, an extreme thermal density deviation of 2,4 kg-m—3-K—1 has been assumed.

lication range of the density meter is limited te-agueous samples and water-containing mixtures,
ied by the maximum permissible error can:be increased to 0,5 °C-kg—1-m3.

st conditions

surement of the temperature deviation between displayed and actual sample temperatures shall b
femperature measurement inside the density sensor or by indirect measurement.

bct test shall be performed.by adjustment of the instrument (see clause 7), followed by calibration

the factor to

e performed

(see 8.4) of

ly meter with two reference liquids, specially selected for this test (see 8.2), at the following test temperatures:

OC'
femperatyre‘near the lower limit of the temperature measurement range of the density meter; a

femperature near the upper limit of the temperature measurement range.

nd

If the der

ity eter s ot designed-for themeasurement temperature of 20-€thetestshattbeperformed

measurement temperature of the instrument.

at the mean

The density values of the reference liquids, selected for this test (see 8.2), shall not exceed a density difference of
300 kg-m-3; the reference liquids shall have a different thermal density dependency dp/dé6.

6.2.3 Test procedure

Clean the density sensor and switch on the instrument according to the manufacturer's instructions.

Attemperate the sensor at (20 £ 0,1) °C for 24 h.
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Adjust (see clause 7) the instrument according to the manufacturer's instructions.

©1SO

Calibrate the instrument according to 8.4 using the first selected reference liquid according to 8.2. Record the error
of measurement Aps.

Calibrate the instrument using the second selected reference liquid. Record Apg.

NOTE

reference liquid (see 8.2) for the first calibration is different from water, this second calibration may be omitted.

Repeat the t

est procedure at the two other temperatures.

6.2.4 Evalnl:ation of the test

Calculate th
test temper

Cp

Perform the

Cp

Calculate t
temperaturg

D¢

where
dpg

dp4

NOTE1 T,

None of th
multiplied by

NOTE 2 |If
been omitted

atures according to the manufacturer's instructions. Subtract the viscosity correction from the
error of measurement Aps:

ne proximity value Dg for the deviation between the “indicated temperature and the actug

e viscosity correction Cp,(n,) for the viscosity nz and density p3 of the first reference. liquid at

=Ap3 = Cps(n)
same calculation for the second reference liquid:

=28p4 = Cp(na)

in the density sensor at each of the three test temperatures according to the equation:

|CP4 - CP3 |

= 0,75 %
(dp3/de)—(dp4/de)

/d6 is the thermal density dependency of the first reference liquid;

do is the thermal densitydependency of the second reference liquid.

he correction factor/0,75 assumes that 25 % of the measurement deviations are not due to temperature ¢

the factor9y2 °C-m3-kg-1 or 0,5 °C-m3-kg-1.

the dnstrument has been adjusted with water according to Grade 2 of ISO 3696 and the second calib

If the instrument has been adjusted (see clause 7) with water according to Grade 2 of ISO 3696, and if the

the three

recorded

| sample

eviations.

b three calculated proximity values Dy shall exceed the maximum permissible error of the ipstrument

ation has
of water,

calculated fro e-values-give of-anne Jhderthese-ciowmsts
reference liquids for this test. The thermal density dependencies are as follows:

dpn

dpg

, the ‘term Cp, can be cancelled in the last equation

on/d6 = 0,78 kg-m-3.°C-1

od/dd = 0,73 kg-m-3.°C-1

vell suited
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6.3 Displays

6.3.1 Display of results

The displays shall be designed in such a way that

O

O

the density is displayed in kg/m3 or g/cm3 together with the measurement unit;

the resolution of the density display on a digital scale corresponds to table 1;

the scale interval on an analog scale is equal to the maximum permissible error (see table 1) and the spacing

of th

scale marks is 1 mm minimum

Density i
0,001 kg
0,0001 g

6.3.2 Ad

The displ

O

o o o o4

the ¢

Table 1 — Resolution and maximum permissible errors

Maximum permissible Resolution Factor
error
kg/m3 kg/m3
1,0 0,1 1/10
0,5 0,1 1/5
0,20 0,01 1/20
0,10 0,01 1/10
0,05 0,01 1/5

nstruments for special applications (e.g. scientific fesearch) may have a resolution of the densi
m3 or 0,000 001 g/cm3, if the specified maximum permissible error does not exceed (
cm3 and if the least significant digit is unambigously marked (e.g. by distinction in size or colour).

ditional displays
ays shall be designed in such a'way that

scillation period or frequency’is displayed on request and is clearly distinguished from the dens

the
the
the

the i

mperature of the liquid-is displayed in degrees Celsius;
easurement unitis’displayed together with the measurement value;
alfunctions:are displayed,;

strument Constants are displayed on request.

Additiondl instrument data, if available, may be displayed on request.

ly display of
1 kg/m3 or

ty display;

With a battery-powered density meter, the displayed values shall be clearly recognized as invalid if the lower or upper
limit of the operating voltage is exceeded.

A visual check shall be carried out to ensure that the resolution of the density display complies with the
manufacturer's specification in accordance with clause 9.

6.4 Auxiliary units and data transfer

If the density meter consists of several separated units or if additional devices are connected, the data shall be
transferred unchanged and unaffected.
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Additional d

evices for showing measured data shall display those unchanged and unaffected.

©1SO

The interfaces, data transfer and additional units shall be clearly defined and shall work without susceptibility to

interference

s, i.e. they shall not influence the data nor cause any malfunctions.

If the interfaces, data transfer and additional units differ from these definitions or are faulty, the display of the
measured data shall be clearly recognized as invalid.

6.5 Safety requirements

The safety requirements according to IEC 61010-1 shall be followed, as far as they are applicable to oscillation-type

density met

LS.

Testing sha
6.6 Electr

The EMC r¢g
oscillation-ty

Testing sha

7 Adjustr

The density
determining
permanently

Normally, a
performed &
density valu

After each n

| be in accordance with IEC 61010-1.
pmagnetic compatibility

quirements specified in IEC 61326-1 and its amendment shall be followed as far as they are apq

8 Calibr

For testing
whose dens
temperaturg

The density

licable to

pe density meters.
| be in accordance with the above-mentioned standards.
hent
meters shall be adjusted according to the manufacturer's instructions. Adjustment is performed by
and setting of the instrument constants (see clause 3).\At least the last 50 sets of constantg shall be
stored automatically in the density meter.
Hjustment can be performed with air and water ©f*Grade 2 in accordance with ISO 3696, and $hould be
It the intended measurement temperature. The density values of water are specified in table A.1 and the
es of moist air are specified in table B.1.
haintenance of the instrument, an adjustment of the density meter shall be performed.
Tion
8.1 Density reference liquids
and calibrating density meters in accordance with this part of ISO 15212, reference liquids shall be used
ity values andsif.required, viscosities and sound velocities are known within the intended working range of
, pressure and\flow.
values'of'the reference liquids shall be determined in a manner traceable to national standards. They shall
ified, Uncertainty at the 95 % confidence level (k = 2) that is not greater than 30 % of the maximum

have a cer

permissible

error of the density meter to be tested.

If water of Grade 2 in accordance with ISO 3696 is used as a test or reference liquid, the quality of this water shall be
regularly checked and documented. The density values of water listed in table A.1 of annex A shall be applied.

The electrical conductivity of water should preferably be used for quality control. The conductivity of freshly prepared

water (Grad

e 1 in accordance with ISO 3696) should not exceed 0,01 mS-m-1,

The reference liquids shall be selected with regard to the use of the density meter, i.e. their properties shall meet

the applicat

ion of the instrument.
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The density values of reference liquids, used for testing of temperature control and measuring (see 6.2), shall be
certified at the 95 % confidence level (k = 2) as function of their thermal density dependency:

from

from

up to 1,0 kg-m-3-K-1 with an uncertainty of 0,01 kg-m-3,

1,0to 1,7 kg-m=3-K-1 with an uncertainty of 0,02 kg-m-3,

more than 1,7 kg-m=3-K-1 with an uncertainty of 0,03 kg-m-3.

The theral temperature dependency shall be certified at the 95 % confidence level (k = 2) with an und

exceedin
shall not

8.3 Cal

For validation of the density meter accuracy, e.g. according to clause 9, calibration shall,bé performed by n

of the de
sound ve
referencq

Calibratid
viscosity

Calibratid

density mieasuring range. The positions of the calibration points.depend upon the selected reference liquid

upon the
If the wor

The dens
mean val

Each ca
constant

8.4 Cal

g 10 % of the thermal density dependency. The viscosities of these reference liquids shallbe
exceed 5 mPas.

bration requirements
nsity of the the density reference liquids (see 8.1) with known densities andif required, known vis
locities. The density indicated by the instrument is compared with the appropriate certified densi
liquids.

n shall be performed within the density measuring range and within the working ranges of temg

n points shall be selected which lie close to the lower and upper limit and in the middle of th
set temperature and pressure.
king temperature range includes 20 °C, one calibration point shall be at this temperature.

ities shall be determined at each calibration point from three independent measurements. Th
e is the calibration result at the selected calibration point.

bration is related to the actual ‘set instrument constants. Due to this, the declaration of thdg
5 shall be reported with the calipration result.

bration procedure

For valid

point and at constant measuring temperature and pressure, as follows.

Switch
instructi

Clean thg density sensor according to the manufacturer's instructions (see clause 10).

tion of the density-meter accuracy, e.g. according to clause 9, perform calibration at each selecte

n the insttument and adjust the measurement temperature in accordance with the mal
S.

and, where appropriate, pressure, flow and sound velocity, whiCh'are suitable for the density metef.

ertainty not
known and

easurement
cosities and
ies of these

erature and
r

)

respective
s as well as

e calculated

instrument

d calibration

nufacturer's

Allow the

NOTE

sensor to equilibrate until the temperature is constant.

The delay time until temperature equilibrium is reached depends upon the type of instrument and upon the change
of temperature compared to previous measuring temperatures. The delay time can be 24 h and should be selected according
to the manufacturer's instructions.

Fill the instrument three times with the selected reference liquid and measure the density.
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Calculate th

p=

e mean value p of the indicated values p;

13
3P|

= Mw

©1SO

Calculate the error of measurement Ap as the difference between the mean value p and the certified density pg of
the selected reference liquid

Ap

=P~ Pr

Clean thed

9 Density

bnsity sensor according to the manufacturer's instructions.

meter accuracy

The maximyim permissible error for the adjusted density meter is 1 kg/m3 (0,001 g/cm3). If loWer values are d

the manufag

The densityj
measureme
performed g

The set limi
way.

The test of
accordance

The measu
maximum p
liquids shal
accompany

10 Manu

Each densit
can adjust,

al

turer, these shall correspond to the values in table 1.

meter may be designed for more than one maximum permissible error depending on its operati
nt range, and on ambient conditions and sample properties. Switchirg between these error limi
utomatically or manually.

compliance with the maximum permissible error shallbe performed by calibrating the density
with 8.3 and 8.4.

red deviations of the reference liquids used for calibration shall not exceed at any calibration
ermissible error, specified by the manufactlrer according to table 1. The density values of the

be taken from annex A (for water according to ISO 3696), from literature or from the c
ng the liquids.

y meter shall be accompanied by a manual containing sufficient information so that a competen
Calibrate and use the‘density meter correctly without recourse to other assistance.

It shall contain complete information on at least the following:

O  transpq

O installa

rt and starage requirements;

tiondand setup including environmental conditions, and if required its installation position;

efined by

bn mode,
S can be

of permissible error shall be indicated on the front plate of the density meter in a clear and unnpistakable

meter in

point the
reference
ertificates

operator

operati

10

n and maintenance,

the maintenance interval with respect to specific applications;
safety rules for using the density meter;

adjustment (determination and setting of instrument constants);
measurement of the liquid density;

measurement of the liquid temperature;
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O temperature setting, if the density meter has a device for thermostatting the liquid;
O working ranges of density, temperature, viscosity, pressure, and flow;

0 maximum permissible errors, resolution, repeatability (in terms of standard deviation), and time-dependent stability
within the working ranges;

O equations to calculate the instrument constants and the density;

O cleaning and suitable cleaning solutions;

a avoiwmnwﬁ;i
O liquidls that chemically attack the oscillating sensor;

O pernissible ambient conditions;
O pernissible vibrations;

(0 errof messages.

11 Matrking

The dendity meter shall be clearly labelled with the following information:
a) name or mark of the manufacturer or supplier,

b) type|designation,

C) instriment or serial number.

On the frpnt panel of the density meter the actual vhaximum permissible error shall be indicated or stated.

11
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Density and compressibility of pure water

Annex A

(normative)

Table A.1 — Density p, of pure water as function of the temperature  tq, according
to the international temperature scale from 1990
Density valtues in kg/ms3
tog tog
°C| 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 °g
0f [999,84 999,85 | 999,85 | 999,86 | 999,87 | 999,87 | 999,88 | 999,88.} 999,89 | 999,89 0
11 (999,90 999,90 | 999,91 | 999,91 | 999,92 | 999,92 | 999,93 (999,93 | 999,93 | 999,94 1
2(1999,94 999,94 | 999,95 | 999,95 | 999,95 | 999,95 | 999,96} 999,96 | 999,96 | 999,96 2
3 ]999,96 [ 999,97 | 999,97 | 999,97 | 999,97 | 999,97 [.999,97 | 999,97 | 999,97 | 999,97 3
411999,97 | 999,97 | 999,97 | 999,97 | 999,97 | 999,97¢ 999,97 | 999,97 | 999,97 | 999,97 4
5(1999,96 [ 999,96 | 999,96 | 999,96 | 999,96 | 999,95 | 999,95 | 999,95 | 999,95 | 999,94 5
6 ]999,94 999,94 | 999,93 | 999,93 | 999,93 999,92 | 999,92 | 999,91 | 999,91 | 999,91 6
7(1999,90 999,90 | 999,89 | 999,89 | 999,88 | 999,88 | 999,87 | 999,87 | 999,86 | 999,85 7
8| ]999,85( 999,84 | 999,84 | 999,83 |*999,82 | 999,82 | 999,81 | 999,80 | 999,80 | 999,79 8
9| ]999,78 [ 999,77 | 999,77 | 99,76 | 999,75 | 999,74 | 999,73 | 999,73 | 999,72 | 999,71 9
10| | 999,70 | 999,69 | 999,68(7999,67 | 999,66 | 999,65 | 999,64 | 999,63 | 999,62 | 999,61 | 10
11] | 999,60 | 999,59 (,999/58 [ 999,57 | 999,56 | 999,55 | 999,54 | 999,53 | 999,52 | 999,51 | 11
12| | 999,50 | 999,49 _{ 999,47 | 999,46 | 999,45 | 999,44 | 999,43 | 999,41 | 999,40 | 999,39 | 12
13| | 999,38 | 999,36 | 999,35 999,34 | 999,33 | 999,31 | 999,30 | 999,29 | 999,27 | 999,26 | 13
14] | 999,24+v999,23 | 999,22 [ 999,20 | 999,19 | 999,17 | 999,16 | 999,14 | 999,13 | 999,11 | 14
15| 999,10 | 999,08 | 999,07 [ 999,05 | 999,04 | 999,02 | 999,01 | 998,99 | 998,97 | 998,96 | 15
16 [ 998,941 998,93 [ 998,91 [ 998,89 | 998,88 | 998,86 | 998,84 | 998,83 | 998,81 | 998,/9 | 1
17 | 998,77 | 998,76 | 998,74 | 998,72 | 998,70 | 998,69 | 998,67 | 998,65 | 998,63 | 998,61 | 17
18 | 998,59 | 998,58 | 998,56 | 998,54 | 998,52 | 998,50 | 998,48 [ 998,46 | 998,44 | 998,42 | 18
19 | 998,40 | 998,38 | 998,36 | 998,35 | 998,33 | 998,31 | 998,28 [ 998,26 | 998,24 | 998,22 | 19
continued

©1SO
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tgo tgo
c| o 0,1 0,2 0,3 0,4 0,5 0,6 07 0,8 09 | °c
20 | 998,20 | 998,18 | 998,16 | 998,14 | 998,12 | 998,10 | 998,08 | 998,06 | 998,03 | 998,01 | 20
21 | 997,99 | 997,97 | 997,95 | 997,93 | 997,90 | 997,88 | 997,86 | 997,84 | 997,81 | 997,79 | 21
22 | 997,77 | 997,75 | 997,72 | 997,70 | 997,68 | 997,65 | 997,63 | 997,61 | 997,58 | 997,56 | 22
23 007’l.'\/| 007’1:1 007,/10 007,/17 007,/|/| 007’/1') 007"20 007"27 007,'1/1 007,'2'7 23
24 | 997,30 | 997,27 | 997,25 | 997,22 | 997,20 | 997,17 | 997,15 | 997,12 | 997,00 | 997,67 1 |24
25 | 997,04 | 997,02 | 996,99 | 996,97 | 996,94 | 996,91 | 996,89 | 996,86 | 996,84 |,996,81 | |25
26 | 996,78 | 996,76 | 996,73 | 996,70 | 996,67 | 996,65 | 996,62 | 996,59 | 996,57Lf 996,54 | |26
27 | 996,51 | 996,48 | 996,46 | 996,43 | 996,40 | 996,37 | 996,34 | 996,32 |,696.29 | 996,26 | |27
28 | 996,23 | 996,20 | 996,17 | 996,15 | 996,12 | 996,09 | 996,06 | 996,03 | 996,00 | 995,97 | |28
29 | 995,94 | 995,91 | 995,88 | 995,85 | 995,82 | 995,79 | 995,77 | 695,74 | 995,71 | 995,68 | |29
30 | 995,64 | 995,61 | 995,58 | 995,55 | 995,52 | 995,49 | 99548(| 995,43 | 995,40 | 99537 | |30
31 | 995,34 | 995,31 | 995,28 | 995,25 | 995,21 | 995,18 | 995,15 | 995,12 | 995,09 | 995,06 | |31
32 | 995,02 | 994,99 | 994,96 | 994,93 | 994,90 | 994,86""994,83 | 994,80 | 994,77 | 994,73 | |32
33 | 994,70 | 994,67 | 994,63 | 994,60 | 994,57 | 994,54 | 994,50 | 994,47 | 994,44 | 994,40 | |33
34 | 994,37 | 994,34 | 994,30 | 994,27 | 994,237 994,20 | 994,17 | 994,13 | 994,10 | 994,06 | |34
35 | 994,03 | 993,99 | 993,96 | 993,93 | 963,80 | 993,86 | 993,82 | 993,79 | 993,75 | 993,72 | |35
36 | 993,68 | 993,65 | 993,61 | 993,587} 993,54 | 993,50 | 993,47 | 993,43 | 993,40 | 993,36 | |36
37 | 993,33 | 993,29 | 993,25 | 993,22 | 993,18 | 993,14 | 993,11 | 993,07 | 993,04 | 993,00 | |37
38 | 992,96 | 992,93 | 992,89, 992,85 | 992,81 | 992,78 | 992,74 | 992,70 | 992,67 | 992,63 | |38
39 | 992,59 | 992,55 |-992/52 | 992,48 | 992,44 | 992,40 | 992,36 | 992,33 | 992,29 | 992,25 | |39
40 | 992,21 | 992,17-f 992,14 | 992,10 | 992,06 | 992,02 | 991,98 | 991,94 | 991,90 | 991,86 | |40
41 | 991,83 | 992,79 | 991,75 | 991,71 | 991,67 | 991,63 | 991,50 | 991,55 | 991,51 | 991,47 | |41
42 | 991,431 991,39 | 991,35 | 991,31 | 991,27 | 991,23 | 991,19 | 991,15 | 991,11 | 991,07 | |42
43 | 992,03 | 990,99 | 990,95 | 990,91 | 990,87 | 990,83 | 990,79 | 990,75 | 990,71 | 990,66 | |43
44| 990,62 | 990,58 | 990,54 | 990,50 | 990,46 | 990,42 | 990,38 | 990,33 | 990,29 | 990,25 | |44
45 | 990,21 | 990,17 | 990,12 | 990,08 | 990,04 | 990,00 | 989,96 | 989,91 | 989,87 | 989,83 | 45
46 | 989,79 | 989,74 | 989,70 | 989,66 | 989,62 | 989,57 | 989,53 | 989,49 | 989,44 | 989,40 | 46
47 | 989,36 | 989,31 | 989,27 | 989,23 | 989,18 | 989,14 | 989,10 | 989,05 | 989,01 | 988,97 | 47
48 | 988,92 | 988,88 | 988,83 | 988,79 | 988,75 | 988,70 | 988,66 | 988,61 | 988,57 | 988,52 | 48
49 | 988,48 | 988,43 | 988,39 | 988,35 | 988,30 | 988,26 | 988,21 | 988,17 | 988,12 | 988,08 | 49
continued
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Table A.1 (continued)

tgo tgo
c| o 0,1 0,2 03 0,4 05 0,6 0,7 08 09 | °c
50 | 988,03 | 987,99 | 987,94 | 987,89 | 987,85 | 987,80 | 987,76 | 987,71 | 987,67 | 987,62 | 50
51 | 987,57 | 987,53 | 987,48 | 987,44 | 987,39 | 987,34 | 987,30 | 987,25 | 987,21 | 987,16 | 51
52 | 987,11 | 987,07 | 987,02 | 986,97 | 986,93 | 986,88 | 986,83 | 986,79 | 986,74 | 986,69 | 52
53 QQR’RA OQR’RH OQR,RR OQR,En QQR,AR OQR’/I'I OQR’QR OQR’Q'] OQR,')R QQR,')') O

54| | 986,17 | 986,12 | 986,07 | 986,03 | 985,98 | 985,93 | 985,88 | 985,83 | 985,79 | 985,74 )54
55( | 985,60 | 985,64 | 985,59 | 985,54 | 985,49 | 985,45 | 985,40 | 985,35 | 985,30 | 985,25 | 55
56| | 985,20 | 985,15 | 985,10 | 985,05 | 985,00 | 984,96 | 984,91 | 984,86 | 984,81)| 984,76 | 56
57 | 984,71 | 984,66 | 984,61 | 984,56 | 984,51 | 984,46 | 984,41 | 984,36 | 984/31"| 984,26 | 57
58| | 984,21 | 984,16 | 984,11 | 984,06 | 984,01 | 983,96 | 983,91 | 983,85.|.983,80 | 983,75 | 59
59| | 983,70 | 983,65 | 983,60 | 983,55 | 983,50 | 983,45 | 983,40 | 983:34 | 983,29 | 983,24 | 59
60| | 983,19 | 983,14 | 983,00 | 983,04 | 982,98 | 982,93 | 982,88-{082,83 | 982,78 | 982,73 | &0
61| | 982,67 | 982,62 | 982,57 | 982,52 | 982,46 | 982,41 | 982,36 | 982,31 | 982,26 | 982,20 | 61
62| | 982,15 | 982,10 | 982,04 | 981,99 | 981,94 | 981,80 | 981,83 | 981,78 | 981,73 | 981,67 | 62
63| | 981,62 | 981,57 | 981,51 | 981,46 | 981,41 | 981)35 | 981,30 | 981,25 | 981,19 | 981,14 | 63
64| | 981,09 | 981,03 | 980,98 | 980,92 | 980,87 {.©680,82 | 980,76 | 980,71 | 980,65 | 980,60 | 64
65 | 980,55 | 980,49 | 980,44 | 980,38 | 980,33 | 980,27 | 980,22 | 980,16 | 980,11 | 980,05 | 65
66| | 980,00 | 979,94 | 979,80 | 979,83.1.©@79,78 | 979,72 | 979,67 | 979,61 | 979,56 | 979,50 | 66
67 | 979,45 | 979,39 | 979,34 | 979:287| 979,23 | 979,17 | 979,11 | 979,06 | 979,00 | 978,95 | 67
68| | 978,80 | 978,83 | 978,78(°978,72 | 978,67 | 978,61 | 978,55 | 978,50 | 978,44 | 978,38 | 64
69| | 978,33 | 978,27 | 978,21 978,16 | 978,10 | 978,04 | 977,99 | 977,93 | 977,87 | 977,82 | 69
70| | 977,76 | 977,70-4977,64 | 977,59 | 977,53 | 977,47 | 977,42 | 977,36 | 977,30 | 977,24 | 70
71| | 977,19 | 977:13 | 977,07 | 977,01 | 976,95 | 976,90 | 976,84 | 976,78 | 976,72 | 976,66 | 71
72| | 976,61/~876,55 | 976,49 | 976,43 | 976,37 | 976,31 | 976,26 | 976,20 | 976,14 | 976,08 | 72
73| | 976:02 | 975,96 | 975,90 | 975,85 | 975,79 | 975,73 | 975,67 | 975,61 | 975,55 | 975,49 | 73
74| Fo75,43 | 975,37 | 975,31 | 975,25 | 975,19 | 975,14 | 975,08 | 975,02 | 974,96 | 974,90 | 74
75 | 974,84 | 974,78 | 974,72 | 974,66 | 974,60 | 974,54 | 974,48 | 974,42 | 974,36 | 974,30 | 75
76 | 974,24 | 974,18 | 974,12 | 974,06 | 974,00 | 973,93 | 973,87 | 973,81 | 973,75 | 973,69 | 76
77 | 973,63 | 973,57 | 973,51 | 973,45 | 973,39 | 973,33 | 973,27 | 973,20 | 973,14 | 973,08 | 77
78 | 973,02 | 972,96 | 972,90 | 972,84 | 972,78 | 972,71 | 972,65 | 972,50 | 972,53 | 972,47 | 78
79 | 972,41 | 972,34 | 972,28 | 972,22 | 972,16 | 972,10 | 972,03 | 971,97 | 971,01 | 971,85 | 79

continued
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tgo tgo
°c| o 0,1 0.2 03 04 05 0,6 07 08 09 | °c
80 | 971,78 | 971,72 | 971,66 | 971,60 | 971,53 | 971,47 | 971,41 | 971,35 | 971,28 | 971,22 | 80
81 | 971,16 | 971,10 | 971,03 | 970,97 | 970,91 | 970,84 | 970,78 | 970,72 | 970,65 | 970,59 | 81
82 | 970,53 | 970,46 | 970,40 | 970,34 | 970,27 | 970,21 | 970,15 | 970,08 | 970,02 | 969,96 | 82
Q2 ORO’QO QRQ’QQ ORQ,7R QRQ,7n QRO,RA QRQ’R7 ORO’R'I QRQ’/I/I QRQ,QQ OQQ,QO 83
84 | 969,25 | 969,19 | 969,12 | 969,06 | 968,99 | 968,93 | 968,86 | 968,80 | 968,74 | 968,67 [ |84
85 | 968,61 | 968,54 | 968,48 | 968,41 | 968,35 | 968,28 | 968,22 | 968,15 | 968,09 |,968,02 | |85
86 | 967,96 | 967,80 | 967,82 | 967,76 | 967,69 | 967,63 | 967,56 | 967,50 | 967,43\} 967,37 | |86
87 | 967,30 | 967,23 | 967,17 | 967,10 | 967,04 | 966,97 | 966,90 | 966,84 |,666.77 | 966,71 | |87
88 | 966,64 | 966,57 | 966,51 | 966,44 | 966,37 | 966,31 | 966,24 | 966,17| 966,11 | 966,04 | |88
89 | 965,97 | 965,91 | 965,84 | 965,77 | 965,71 | 965,64 | 965,57 | 665,51 | 965,44 | 965,37 | |89
90 | 965,30 | 965,24 | 965,17 | 965,10 | 965,03 | 964,97 | 964,00{| 964,83 | 964,76 | 964,70 | |90
01 | 964,63 | 964,56 | 964,49 | 964,43 | 964,36 | 964,29 |-964,22 | 964,15 | 964,00 | 964,02 | |91
02 | 963,95 | 963,88 | 963,81 | 963,75 | 963,68 | 963,61"|963,54 | 963,47 | 963,40 | 963,33 | |92
03 | 963,27 | 963,20 | 963,13 | 963,06 | 962,99 | 962,92 | 962,85 | 962,78 | 962,71 | 962,65 | |93
04 | 962,58 | 962,51 | 962,44 | 962,37 | 962,307 962,23 | 962,16 | 962,00 | 962,02 | 961,95 | |94
95 | 961,88 | 961,81 | 961,74 | 961,67 | 962,60 | 961,53 | 961,46 | 961,39 | 961,32 | 961,25 | |95
96 | 961,18 | 961,11 | 961,04 | 960,97} 960,90 | 960,83 | 960,76 | 960,69 | 960,62 | 960,55 | |96
97 | 960,48 | 960,41 | 960,34 | 960,27 | 960,20 | 960,13 | 960,06 | 959,99 | 959,92 | 959,85 | |97
98 | 959,77 | 959,70 | 959,63, 959,56 | 959,49 | 959,42 | 959,35 | 959,28 | 959,20 | 959,13 | |98
99 | 959,06 | 958,99 |-958;92 | 958,85 | 958,78 | 958,70 | 958,63 | 958,56 | 958,49 | 958,42 | |99
100 | 958,34 100
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Table A.2 — Isothermal compressibility

Compressibility ky, in 10-6 bar-1

k. of pure water as function of the temperature
according to the international temperature scale from 1990

tao

tgo too
°C 0 1 2 3 4 5 6 7 8 9 °C
0 50,88 50,51 50,15 49,81 49,48 49,17 48,87 48,59 48,31 48,06 0
10 | 47,81 47,57 47,35 47,13 46,93 46,73 46,55 46,37 46,20 46,04 10
20| [ 45,89 45,75 45,61 45,48 45,36 45,25 45,14 45,04 44,94 44,85 20
30| | 44,77 44,69 44,62 44,56 44,50 44,44 44,39 44,34 44,30 4427 30
40|| 44,24 | 44,21 | 44,19 | 44,17 | 44,16 | 44,15 | 44,15 | 44,15 | 44,15 |(44,16 | 40
50( | 44,17 | 44,19 | 44,21 | 44,23 | 44,26 | 44,29 | 44,32 | 44,36 | 44,404 44,45 | 50
60[ | 44,50 | 44,55 | 44,60 | 44,66 | 44,72 | 44,79 | 44,86 | 44,93 (4500 | 4508 | 60
70| [ 45,16 45,25 45,34 45,43 45,52 45,62 45,72 45,82 45,92 46,03 70
80| [ 46,15 46,26 46,38 46,50 46,62 46,75 46,88 47,01 47,15 47,29 80
90| [ 47,43 47,58 47,73 47,88 48,03 48,19 48,35 48,51 48,68 48,85 90
10Q | 49,02 10d
°C 0 1 2 3 4 5 6 7 8 9 °C
The water density as a function of the pressure_is.calculated by the equation:

where

NOTE

16

pul

t

P
P
Ky
Pu(l

g p) = pw(tl po) [1 + KN (p_ po)]

is the temperature (ITC 90);

is the pressure;

is the nominal pressure (p, = 1,013 bar);
is the'compressibility;

, p)..is the density at temperature t and pressure p;

pult

, ) is the density at temperature t and nominal pressure p,

©1SO

Tables A.1 and A.2 are based on literature given in annex C. Table A.1 is based on reference [1], table A.2 is based
on reference [2].
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