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Petroleum products — Prediction of the bulk moduli of petroleum

fluids u

sed in hydraulic fluid power systems
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such fluids without using extended calculations and with the
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1992, Petroleum measurement tables - Part 1: Tables based on
temperatures of 15 degrees C and 60 degrees F.

1993 Crude petroleum and I/qurd petroleum products
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Crude petroleum and liquid or solid petroleum products

- Determination of density or relative density - Capillary-stoppered

pyknome

ISO 12185:1996,

ter and graduated bicapillary pycnometer methods.

of density - Oscillating U-tube method.

Crude petroleum and petroleum products - Determination
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3 Principle

A bulk modulus is selected according to the problem and conditions of
operation, and the predicted value is obtained from the determination
of density and reference to one or more of the nomographic figures
provided.

4 Definitions

For the purposes of this International Standard, the following
definitions @ppty:

4.1 bulk modulus: The measure of resistance to compressibility of a
fluid taken as the reciprocal of the compressibility.

4.2 isothefmal bulk modulus: Modulus data based on")equilibrium
conditions and constant temperature.

4.2.1 isothermal secant bulk modulus ( B7), “The bulk modylus,
resulting ffom pressure change from atmospheric to .the working
pressure.

Brt- WIl(p- po)( Vo- VI T
4.2.2 isothermal tangent bulk modulus ( K7):  The bulk modylus,
representing the true rate of change at the working<pressure.
Kr$-  Moplav) T
KT> Bt exgept at atmospheric pressure;-where K9 = B¢
4.3 isentrgpic bulk modulus: The volumetric modulus of elasticity

under conglitions of constant)entropy. It applies under conditions
where pressure changes are)rapid and there is no opportunity for the
temperature to reach equilibrium.

4.3.1 isenfropic secant bulk modulus ( Bg): Defined as
Bs ¥ - WI( p- po)( Vo- VI s

4.3.2 isenfropic tangent bulk modulus ( KJ): Defined as
Ks=- MoploVg

5 Symbols and units

The following symbols are used in the text and figures of this
International Standard. The units shown are those preferred; if other
units are used, the outcome of some multiples will be affected.

©1SO


https://standardsiso.com/api/?name=615f7f248c88463b7f16808f9a2267d0

©1S0 1ISO 6073:1997(E)

Symbol Designation Unit

Bg Isentropic secant bulk modulus WMPa

Bt Isothermal secant bulk modulus MPa

RO Isothermal secant bulk modulus at MPa
atmospheric pressure

C Specific heat capacity at constant Jkg K)
pressure

ks Adiabatic coefficient of compressibility MPa -1

kr Isothermal coefficient of compressibility MPa -1

Kd fsentropictangent butkmodutus MPa

Ks Isothermal tangent bulk modulus MPa

K Isothermal tangent bulk modulus at MPa
atmospheric pressure

p Gauge pressure kPa or MPa

Po Atmospheric pressure kPa

S Entropy J/IK

T Temperature K

Vv Volume m3

Vo Volume at atmospheric pressure and 1L
temperature

0 Temperature °C

p Density at a given pressure kg/m 3

Po Density at atmospheric pressure kg/m 3

6 Determinations

6.1 Determine the density at 15°C in accordance with 1SO 3675,
ISO 383§ or ISO 12185.

6.2 Determine the-density at the required temperature in accordance
with 1ISO P1-1.

NOTE — The_densities determined above are at atmospheric pressure.

7 Predictions
7.1 Isothermal secant bulk modulus

7.1.1 From figure 1, read off the isothermal secant bulk modulus at
a reference pressure of 150 MPa.

7.1.2 Transfer the figure obtained in 7.1.1 to the ordinate of
figure 2, and move horizontally until this value intersects with the

150 MPa line. A line drawn vertically from this point gives values of

the isothermal secant bulk modulus at other pressures. Read off the
appropriate values on the ordinate.
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7.2

7.2.1

desired pressure,

figure 3.

Isothermal tangent bulk modulus

Calculate the relative isothermal secant bulk modulus at the
B./B} and enter this value on the abscissa of

NOTE — The inset curve is an enlarged scale for lower values.

7.2.2
and read

Find the point of intersection of this value with the line,

horizontally on the ordinate, the value of the relative

isothermal

7.2.3 (
the value o

NOTE —
temperaturg

7.3 Isentrg
NOTE —

knowledge
independer
which are
structure d
figure for th

angent bulk moaulus, K77 Bt

Calculate the isothermal tangent bulk modulus by multiplying
ptained in 7.2.2 by BY.

The value determined in 7.2.3 is at the same pressure and
e as that for which the value of BT was determined.

pic tangent bulk modulus

The determination of isothermal bulk moduli only: requires a

of density and the temperature in question, since these are

t of chemical structure. For isentropic bulk moduli however,
considered to be essentially adiabatic, the chemical

pes have an effect. It is therefore necessary to obtain a

e specific heat capacity at constant pressure,

is a function of density and chemical structure.

7.3.1 |
constant pr

7.3.2 (
accordancs

7.3.3 (
following eq

Determine, calculate or estimate the specific heat capacity at
essure, Cp» assuming that it does not vary with pressure.

Calculate the rate of change of density with temperature in
with ISO 91-1 or usipg-figure 1.

Calculate the the
uation:

isentropic tangent bulk modulus using

1

Kg =
1

K1) -|™ap19T)> /p3cp

7.4 Density or volume under pressure

7.4.1
7.4.2

Determine the isothermal secant bulk modulus (

Obtain the value of density at atmospheric pressure and the

temperature used for the bulk modulus calculations.

7.4.3

Calculate density or volume in terms of the ratios

( VI \p) where:

(polp)=(

VVg)=1-( plBp

By) asin 7.1.

©1SO

which

(Po!/p) or
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7.4.4 Use volumes as the reciprocal of density ( V=1/ p) to calculate
the volume under pressure.

8 Expression of results

Report the predictions of bulk moduli to the nearest 100 kPa or
0,1 MPa.

9 Precjsion

The predision of this International Standard has not been determined
according to ISO 4259 since the formulae have been derived. by
regression analysis of several hundred refined experimental data
points on a wide variety of petroleum fluids and pure hydrocarbons.
Precision will depend to some extent on the precision of the density
method ¢hosen (see 6.1) and the accuracy and interpretation’ of the
figures.

An estimate of accuracy of prediction has been made using a matrix of

200 datp points, on 10 fluids over the temperature range of
approximiately 40 °C to approximately 200 °C, and_ a”pressure range of
atmospheére up to 690 MPa. The bulk moduli of these fluids under these

conditions ranged from 900 MPa to 3500 MPa. This matrix had an
average érror of + 0,84 % and a standard deviation of 10,07 MPa.

10 Tgstreport

The test feport shall contain at least the following information:

a) a reference to this International Standard, i.e. ISO 6073:1997;
b)  theltype and complete identification of the product tested;

c) the|results ofithe test (see clause 8)

d) any dewiation, by agreement or otherwise, from the standard
procedures-specified;

e) the date of the test.
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Figure T— Secant butk moduius at 150 MPa gauge pressure Versus temperature and
density for petroleum oils
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Relative isothermal tangent bulk modulus, Kr/B?
N
N
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Figure 3 — Relation between isothermal secant and isothermal tangent bulk moduli for petroleum oils


https://standardsiso.com/api/?name=615f7f248c88463b7f16808f9a2267d0

©1S0O
Annex A
(informative)
Example calculations
A.1 General

For the following calculations, the fluid considered has a density of

1ISO 6073:1997(E)

864,1 kgfm S at 15 °C, and is operating under a pressure of 100 MPa at
65 °C. Tgmperature equilibrium is assumed.

A.2 Isathermal secant bulk modulus

A.2.1 From ISO 91-1, the density at 65 °C is 831,2 kg/m

A.2.2 From figure 1, the isothermal secant bulk modulus at 150 MPa

pressureland 65 °C is 2 040 MPa, as indicated on the ordinate scale.

A.2.3 Locate 2040 MPa on the ordinate scale of figure 2 and move

horizontally to the point of intersection with the 150 MPa line, and
then vert|cally down to the 100 MPa pressure line. This gives a value
of Brat[100 MPa and 65 °C of 1815 MPa.

A.2.4 Continue the vertical line in A.2:8 to intersect the zero

pressure |(atmospheric) line at a modulus value of B?= 1320 MPa.

A.3 Isqthermal tangent bulksmodulus

A.3.1 Calculate the relative isothermal secant bulk modulus,
from the values in A.2.3 ahd A.2.4 as 1 815/1 320 = 1,375.

A.3.2 From figure’3 (inset) read the relative isothermal tangent
bulk modulus ( K3/ BY) from the curve as 1,705.

A.3.3 Caleulate the isothermal tangent bulk modulus as:

A W

By /9,

K 1 7N 1 Q9N D D O N D
7’ = L, /U0 A L OZU INVIMFrd — £ 29U IVird

A.4 Density under pressure

Using the value from A.2.1 for density, calculate the density at 100
MPa and 65 °C using the following equation:

p=po/[1-(p/Br)]=8312/[1-(100/1815)| =879,7 kg/m>


https://standardsiso.com/api/?name=615f7f248c88463b7f16808f9a2267d0

