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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision of,
professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both published and
unpublished, and are invariably supported by original work of ESDU staff engineers or consultants. The whole process is
subject to independent review for which crucial support is provided by industrial companies, government research
laboratories, universities and others from around the world through the participation of some of their leading experts on ESDU
Technical Committees. This process ensures that the results of much valuable work (theoretical, experimental and
operational), which may not be widely available or in a readily usable form, can be communicated concisely and accurately
to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your use of our
data, or any suggestions for new topics or information that might lead to improvements, will help us to provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Physical Data and Reaction Kinetics Committee,
which first met in 1966 and now has the following membership:

The technical work involved in the assessment of the available information and the construction and subsequent development
of the Data Item was undertaken (under contract to ESDU) by

with the assistance of Mr J. Walton. 

The person with overall responsibility for the work in this subject area is Mr S.J. Pugh, Head of Thermofluids Group.
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THERMOPHYSICAL PROPERTIES OF R-32 (DIFLUOROMETHANE)
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THERMOPHYSICAL PROPERTIES OF R-32 (DIFLUOROMETHANE)

1. INTRODUCTION

This Item, which is one of a series concerned with the thermophysical properties of industrially important
fluids, gives equations representing the thermophysical properties of R-32 (difluoromethane) on the
saturation line, and in the ideal gas state and dilute gas state, together with tabulated values calculated from
the equations.

The data on which the recommended values of the fluid properties are based are considered to be the best
available and the range covered for the saturation line properties is from the melting temperature or 140 K
to within at least 39 kelvin of the critical temperature. The properties of the ideal and dilute gas are given
for temperatures from 120.15 K to 633 K.

All quantities are expressed in SI units or their multiples (see Section 2) but, for users who require them in
other units, conversion factors are provided in Appendix A. Equations representing the fluid properties are
given in Section 4 and Section 5 gives an explanation of the Tables in the Data Item.

2. NOTATION AND UNITS

constants in Equations (4.1) to (4.17) *

* The constants b are dimensionless except for the following: Equations (4.4) and (4.6), kJ/kg (all); Equations (4.7) and (4.8),
kJ/kg K (b1); Equation (4.9), K (b3), mN s/m2 (b4); Equation (4.10), µN s/m2 (exp(b1)); Equations (4.11) and (4.12), mW/m K
(b1and exp(b1) respectively); Equation (4.13), mN/m (b1); Equation (4.14), kJ/kg K (all); Equation (4.15), kJ/kg (all);
Equation (4.16), µN s/m2 (all); Equation (4.17), mW/m K (all).

specific heat capacity kJ/kg K

specific enthalpy kJ/kg 

molecular weight (relative molecular mass) –

vapour pressure kPa

kelvin temperature K

Celsius temperature, (T – 273.15) ºC

specific internal energy kJ/kg 

V molar volume cm3/mol

specific volume, v = 1/ m3/kg

dynamic viscosity mN s/m2 or µN s/m2

temperature dependent variable in Equation (4.9) –

thermal conductivity mW/m K

density kg/m3

surface tension mN/m 

acentric factor –

b1 b2 b3 b4 b5, , , ,

c

h

M

p

T

t

u

v ρ

η

θ

λ

ρ

σ

ω
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3. THERMOPHYSICAL PROPERTIES

Data for the properties of R-32 are rather scarce in the literature although there is recent interest in this
refrigerant. Pre-publication data provided by NIST were used to provide a best set of values.
Thermodynamic consistency was maintained by using the National Engineering Laboratory computer
software package, codename ‘LOADER’ (Derivation 15), which uses the Lee-Kesler correlation to
calculate the density, heat capacity and enthalpy of the saturated vapour.

The tables, Tables 7.1 to 7.5 are derived from Equations (4.1) to (4.17), which were fitted to values derived
from the following data sources:

State descriptors

(g) value for gas or saturated vapour

(l) value for saturated liquid

∆ denotes property difference between two states

Superscripts

id denotes ideal gas

(o) denotes dilute gas

Subscripts

value at normal boiling point

value at critical point

value at normal melting point

p value at constant pressure

denotes reduced quantity, e.g. Tr = T/Tc

sat value at saturation (defined in Appendix B, Section B1)

v value at constant volume

vap denotes evaporation.

Physical constants Derivations 11, 13

Vapour pressure Derivation 11

Density of the saturated liquid Derivation 13

Density of the saturated vapour Derivations 16, 18

Latent heat of vaporisation Derivations 10, 18

Specific heat capacity of the saturated liquid Derivations 8, 18

Specific heat capacity of the saturated vapour Derivation 18

Viscosity of the saturated liquid Derivation 14

Viscosity of the saturated vapour Derivation 15

Thermal conductivity of the saturated liquid Derivation 19

Thermal conductivity of the saturated vapour Derivations 12, 15

Surface tension Derivation 20

Specific heat capacity of the ideal gas Derivation 21

Viscosity of the dilute gas Derivation 9

Thermal conductivity of the dilute gas Derivation 12.

b

c

m

r
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4. EQUATIONS FOR PROPERTIES

4.1 Vapour Pressure

Data for the vapour pressure are represented by Equation (4.1).

. (4.1)

4.2 Density of the Saturated Liquid

Data for the density of the saturated liquid are represented by Equation (4.2).

. (4.2)

4.3 Density of the Saturated Vapour

Data for the density of the saturated vapour are represented by Equation (4.3).

. (4.3)

4.4 Specific Enthalpy of the Saturated Liquid

Data for the specific enthalpy of the saturated liquid are represented by Equation (4.4).

. (4.4)

4.5 Latent Heat of Vaporisation (Specific Enthalpy of Vaporisation)

Data for the latent heat of vaporisation are represented by Equation (4.5).

. (4.5)

4.6 Specific Enthalpy of the Saturated Vapour

Data for the specific enthalpy of the saturated vapour are represented by Equation (4.6).

. (4.6)

4.7 Isobaric Specific Heat Capacity of the Saturated Liquid

Data for the isobaric specific heat capacity of the saturated liquid are represented by Equation (4.7).

. (4.7)

The significance of  as a representation of specific heat capacity is fully explained in Appendix B,
Section B1.

loge 
p
pc
----- 

  1
Tr
----- b1 1 Tr–( ) b2 1 Tr–( )3/2

b3 1 Tr–( )5/2
b4 1 Tr–( )5

+ + +[ ]=

loge 
ρ l( )
ρc

--------- 
  b1 1 Tr–( )1/3

b2 1 Tr–( )2/3
b3 1 Tr–( ) b4 1 Tr–( )4/3+ + +=

loge 
ρ g( )
ρc

----------- 
  b1

1
Tr
----- 1– 

 1/3
b2

1
Tr
----- 1– 

 2/3
b3

1
Tr
----- 1– 

  b4
1
Tr
----- 1– 

 4/3
b5

1
Tr
----- 1– 

 5/3
+ + + +=

h l( ) b1 b2 1 Tr–( )1/3
b3 1 Tr–( )2/3

b4 1 Tr–( ) b5 1 Tr–( )4/3+ + + +=

∆vaph h g( ) h l( )–=

h g( ) b1 b2 1 Tr–( )1/3
b3 1 Tr–( )2/3

b4 1 Tr–( ) b5 1 Tr–( )4/3
+ + + +=

cp l( ) b1 1 b2 1 Tr–( ) 1–
b3 1 Tr–( ) b4 1 Tr–( )2

b5 1 Tr–( )3
+ + + +[ ]=

cp l( )
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4.8 Isobaric Specific Heat Capacity of the Saturated Vapour

Data for the isobaric specific heat capacity of the saturated vapour are represented by Equation (4.8).

. (4.8)

The significance of  as a representation of specific heat capacity is fully explained in Appendix B,
Section B1.

4.9 Dynamic Viscosity of the Saturated Liquid

Data for the dynamic viscosity of the saturated liquid are represented by Equation (4.9).

(4.9)

where .

4.10 Dynamic Viscosity of the Saturated Vapour

Data for the dynamic viscosity of the saturated vapour are represented by Equation (4.10).

. (4.10)

4.11 Thermal Conductivity of the Saturated Liquid

Data for the thermal conductivity of the saturated liquid are represented by Equation (4.11).

. (4.11)

4.12 Thermal Conductivity of the Saturated Vapour

Data for the thermal conductivity of the saturated vapour are represented by Equation (4.12).

. (4.12)

4.13 Surface Tension

Data for surface tension are represented by Equation (4.13).

. (4.13)

4.14 Isobaric Specific Heat Capacity of the Ideal Gas

Data for the isobaric specific heat capacity of the ideal gas are represented by Equation (4.14).

. (4.14)

cp g( ) b1 1 b2 1 Tr–( ) 2/3–
b3 1 Tr–( ) 1/3–

b4 1 Tr–( )1/3
b5 1 Tr–( )2/3

+ + + +[ ]=

cp g( )

η l( ) b4 b1 θ 1–( )1/3
b2 θ 1–( )4/3

+[ ]exp=

θ Tc b3–( ) T b3–( )⁄=

loge η g( ) b1 b2
1
Tr
----- 1– 

 1/3
b3

1
Tr
----- 1– 

 4/3
+ +=

λ l( ) b1 1 b2 1 Tr–( )1/3
b3 1 Tr–( )2/3

b4 1 Tr–( )+ + +[ ]=

loge λ g( ) b1 b2 1 Tr–( ) 2/3–
b3 1 Tr–( ) 1/3–

b4 1 Tr–( )1/3
b5 1 Tr–( )2/3

+ + + +=

σ b1 1 Tr–( )
b2 1 b3 1 Tr–( )+[ ]=

cp
id

g( ) b1 b2Tr
1/2–

b3Tr
1/2

b4Tr+ + +=
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