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We present a wide-ranging correlation expressed in terms of temperature and density for 

the viscosity of difluoromethane (R-32) based on critically evaluated experimental data. 

The correlation is designed to be used with an existing equation of state from the triple 

point to 425 K and at pressures up to 70 MPa. Comparisons with experimental data over 

the temperature range 220 to 425 K at pressures up to 70 MPa indicate the correlation 

has an estimated uncertainty (at the 95% confidence level) of 3.4% in this region, and 

2% for the vapor at atmospheric pressure. The correlation also behaves in a physically 

reasonable manner and may be extrapolated up to 350 MPa, but caution is advised in this 

region since it requires extrapolation of the equation of state. 
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1  Introduction 

Difluoromethane (IUPAC name), also commonly known as R-32 or HFC-32, CAS 75-10-5, is a  

hydrofluorocarbon (HFC) refrigerant developed to replace ozone-depleting hydrochlorofluorocarbon 

(HCFC) predecessors, such as chlorodifluoromethane (R-22). Due to its lack of chlorine, it has an 

ozone-depletion potential of zero, initially making it an attractive fluid on its own and as a component 

in widely used refrigerant blends such as R-410A and R-407C. However, it has a relatively high global 

warming potential (GWP, 100-year) of 677 [1], and concerns about climate change may lead to its 

future use as a component in new blends, such as R-454B, R-454C, R-459A, and R-459B [2] that 

contain low-GWP hydrofluorinated olefins (HFO’s) mixed with R-32.  

Although in the literature there are many viscosity correlations that cover the liquid phase, such as 

the hard-spheres correlation of Assael et al. [3], there are very few that cover the liquid, the vapor, the 

critical and supercritical regions. The first three such correlations for the viscosity of difluoromethane 

covering all those regions are summarized below,  

- In 1997, Klein et al. [4] proposed a correlation covering a temperature range 231 to 343 K, and 

pressures up to 16 MPa, with a 4% uncertainty, based on theory and on the measurements of  

Assael et al. [5], Oliveira and Wakeham [6], and Ripple and Matar [7] – see also Table 1.  

- Kiselev et al. [8] in 1999, proposed a very similar correlation covering a temperature range 231 

to 423 K, and pressures up to 10 MPa, based on the measurements of Takahashi et al. [9], 

Oliveira and Wakeham [6], and Ripple and Matar [7].  

- The third correlation, which is the viscosity correlation currently employed in REFPROP [10], 

is an unpublished work based on an extended corresponding-states model described by Huber 

et al. [11] in 2003 with parameters based in part on the data of Takahashi et al. [9], Bivens et 

al. [12], Oliveira and Wakeham [6], and Laesecke et al. [13]. The correlation is valid over 

temperatures from 137 to 435 K and pressures up to 10 MPa. 

Chronologically, we note three more correlations: 
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- In 2007, Wang et al. [14] proposed a viscosity correlation for difluoromethane using the friction 

theory, and based upon the measurements of Takahashi et al. [9], Assael et al. [5], Dunlop [15], 

Oliveira and Wakeham [6], Laesecke et al. [13], and Sun et al. [16]. The correlation is valid in 

the temperature range 232 to 423 K and up to 15 MPa pressure with an uncertainty of about 

2.5%. 

- In 2014 a viscosity correlation for “engineering calculations” was published by Boychuk [17]. 

The correlation was based upon the data of  Oliveira and Wakeham [6, 18], Geller et al. [19], 

Takahashi et al. [9], Assael et al.  [5], Dunlop [15], Frӧba et al. [20], Laesecke  et al. [13], Sun 

et al. [16], and Ripple and Matar [7]. It employed an equation of state by Vasserman and 

Fomisky [21], and it is valid from 232 to 423 K and up to 10 MPa with an expanded (k=2) 

uncertainty of 2.5%. 

- Finally in 2015, He et al. [22] proposed a viscosity correlation based on the free-volume theory 

and the measurements of Oliveira and Wakeham [18], Assael et al.  [5], Frӧba et al. [20], 

Laesecke  et al. [13], and Sun et al. [16]. The correlation is valid in the temperature range 232 

to 423 K and up to a pressure of 15 MPa. 

All six aforementioned correlations are restricted to pressures up to 16 MPa, a limit imposed by 

the availability of viscosity measurements up to that pressure. However, since the development of these 

correlations, two additional sets of measurements have been published at higher pressures. In 2017, 

Bair and Laesecke [23] published viscosity measurements at significantly higher pressures, up to 350 

MPa. These measurements were performed in a falling-cylinder viscometer with an uncertainty of 3-

6% (at the 95% confidence level). Furthermore, Meng et al. [24] in 2018, published viscosity 

measurements up to 30 MPa, in a vibrating-wire instrument with a 2% uncertainty (at the 95% 

confidence level). Hence, there is currently a need for an up-to-date, wide-ranging reference correlation 

for the viscosity of difluoromethane. 

 In a series of recent papers, reference correlations for the viscosity of common fluids [25-36] were 

developed that cover a wide range of temperature and pressure conditions, including the gas, liquid, and 

supercritical phases. In this paper, the methodology adopted in the aforementioned papers is extended 

to developing a new reference correlation for the viscosity of difluoromethane. The analysis we use is 

based on the best available experimental viscosity data. A prerequisite to the analysis is a critical 

assessment of the experimental data. Here we define two categories of experimental data: primary data, 

employed in the development of the correlation, and secondary data, used simply for comparison 

purposes. According to the recommendation adopted by the Subcommittee on Transport Properties 

(now known as The International Association for Transport Properties) of the International Union of 

Pure and Applied Chemistry, the primary data are identified by a well-established set of criteria [37]. 

These criteria have been successfully employed to establish standard reference values for the viscosity 

and thermal conductivity of fluids over wide ranges of conditions, with uncertainties in the range of 

1%.  However, in many cases, such a narrow definition unacceptably limits the range of the data 

representation. Consequently, within the primary data set, it is also necessary to include results that 

extend over a wide range of conditions, albeit with a higher uncertainty, provided they are consistent 

with other lower uncertainty data or with theory. In all cases, the uncertainty claimed for the final 

recommended data must reflect the estimated uncertainty in the primary information. 

 

2   The Correlation 

The viscosity η can be expressed [25-36] as the sum of four independent contributions, as 
  

 ( ) ( ) ( ) ( ) ( )0 1 c, Δ , Δ ,η ρ Τ η Τ η Τ ρ η ρ Τ η ρ Τ= + + + , (1) 
 

where ρ is the density, T is the absolute temperature, and the first term, η0(Τ) = η(0,Τ), is the contribution 

to the viscosity in the dilute-gas limit, where only two-body molecular interactions occur. The linear-

in-density term, η1(Τ) ρ, known as the initial-density dependence term, can be separately established 

with the use of the Rainwater-Friend theory [38-40] for the transport properties of moderately dense 

gases. The critical enhancement term, Δηc(ρ,Τ), arises from the long-range density fluctuations that 

occur in a fluid near its critical point, which contribute to divergence of the viscosity at the critical point. 
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This term for viscosity is significant only in the region very near the critical point, as shown in Vesovic 

et al. [41] and Hendl et al. [42]. For CO2, Vesovic et al. [41] showed that the enhancement contributes 

greater than 1% to the viscosity only in the small region bounded by 0.986 < Tr < 1.019 and 0.642 < ρr 

< 1.283. Since data close to the critical point are unavailable, Δηc(ρ,Τ) will be set to zero in Eq. 1 and 

not discussed further. Finally, the term Δη(ρ,T), the residual term, represents the contribution of all other 

effects to the viscosity of the fluid at elevated densities including many-body collisions, molecular-

velocity correlations, and collisional transfer.  

Identification of these four separate contributions to the viscosity allows one, to some extent, to 

treat η0(Τ), and η1(Τ) theoretically. In addition, it is possible to derive information about both η0(Τ) and 

η1(Τ) from experiment. In contrast, there is little theoretical guidance concerning the residual 

contribution, Δη(ρ,Τ), and its evaluation is usually based entirely on an empirical equation obtained by 

fitting experimental data. 

 Table 1 summarizes, to the best of our knowledge, all the available experimental measurements of 

the viscosity of difluoromethane reported in the literature. Table 1 displays the experimental technique, 

purity, uncertainty as reported by the original authors, number of measurements, as well as the range of 

temperatures and pressures investigated. Furthermore, measurements employed in the aforementioned 

six viscosity correlations are indicated by a corresponding superscript, indicated in the table footnote. 

 In the primary data set we included the oscillating-disk measurements of Takahashi et al. [9] and 

the capillary measurement of Dunlop [15], as they were obtained with an uncertainty of 0.3%. 

Furthermore we included the vibrating-wire measurements of Assael et al. [5] and Oliveira and 

Wakeham [6], both obtained with an uncertainty of 0.5%. It should however be noted, that from the 

measurements of Oliveira and Wakeham [6] we excluded the near-saturated-vapor phase data as the 

conditions of temperature and pressure quoted do not correspond to the vapor phase (even with their 

recalculation in their 1999 publication [18]). These four sets of measurements have successfully been 

employed in many of the aforementioned reference correlations; similar data from these authors were 

used in the latest viscosity reference correlation for 1,1,1,2-tetrafluoroethane [35].  

 The falling-body measurements of Heide [44] obtained with an uncertainty of 2%, and extending 

to lower temperatures, were also included in the primary data set, as they were also successfully 

included in a recent viscosity correlation for R-134a [35]. The falling-cylinder measurements of 

Grebenkov et al. [43] performed with an uncertainty of 2.8%, were also included in the primary data 

set, as they extend to 16 MPa. 

 The measurements of Geller et al. [19], as well as the earlier ones of Bivens et al. [12], both 

performed in the same capillary instrument with a stated uncertainty of 1.2% were not included in the 

primary data set, as other data measured with this instrument did not agree well with the other 

investigators in our previous reference correlation for 1,1,1,2- tetrafluoroethane [35]. However, there 

are very few vapor-phase measurements at 0.1 MPa, and we did include in the primary data set the 0.1 

MPa vapor-phase measurements of Geller et al. [19]. 

 Finally, in the primary data set, we included the recent measurements at high pressures: 

- of Meng et al. [24] obtained in a vibrating-wire instrument, up to a pressure of 30 MPa, with a 

2% uncertainty (at the 95% confidence level), and 

- of Bair and Laesecke [23] obtained in a falling-cylinder instrument, up to a pressure of 350 

MPa, with a 3 to 6% uncertainty (at the 95% confidence level).  

 

 Following our above discussion on the measurements of Geller et al. [19] and Bivens et al. [12], 

we did not also include in the primary data set 

- the 1999 measurements of Laesecke et al. [13] as they were performed with a sealed 

gravitational capillary viscometer with straight vertical capillary, for which doubts have been 

expressed about its proper operation [51], and 

- remaining sets along the liquid saturation line, that quote uncertainty of over 3%, or do not 

quote the uncertainty. 

- Finally, we became aware of a new dataset [45],  from the same group as Ref. [24], after the 

development of the correlation was completed and have included it in the secondary data for 

completeness. Figs. 1 and 2 show the ranges of the primary measurements outlined in Table 1, 

and the phase boundary.  
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Table 1   Viscosity measurements of difluoromethane 

 

Investigators/reference 
Publ. 

Year 

Technique 

employeda 

Purity 

(%) 

Uncer-

tainty 

(%) 

No. of 

data 

Temperature 

range 

(K) 

Pressure 

range 

(MPa) 

Primary data         

Meng et al. [24] 2018 VW 99.80 2.0* 36 263-350  2.0-30 

Bair and Laesecke [23] 2017 FCyl       Labb 3.0-6.0* 18 313-393    10.0-350 

Geller et al.vap [19]B 1996 Cap 99.98 1.2 7 253-363 0.1 

Grebenkov et al. [43] 1996 FCyl 99.99 2.8 EQc 290-345 0.1-16 

Heide [44] 1996 FBod 99.40 2.0 12 223-333 0.1-4.0 

Takahashi et al. [9]K,H,W,B 1995 OD 99.972 0.3 114 298-423 0.1-10 

Assael et al. [5]L,W,B,Μ 1994 VW 99.98 0.5 26 273-313 1.6-16 

Dunlop [15]W,B 1994 Cap 99.10 0.3 1 298.15 0.1 

Oliveira and Wakehamliq [6]L,K,H,W,B 1993 VW 99.90 0.5 19 231-343 0.1-4.9 

Secondary data        

Liang et al. [45] 2022 VW 99.96 2.0* 9 273-353 3.0-15.0 

Yang et al. [46] 2020 VW 99.99 3.5 13 282-363 4.1-6.3 

Cui et al. [47] 2016 SLS (kin) 99.96 2.0-6.0 7 293-348 1.4-5.4 

Fröba et al. [20]B,Μ 2000 SLS (kin) 99.90 4.0 12 233-343 0.1-4.9 

Laesecke et al. [13]H,W,B,Μ 1999 Cap 99.93 2.4* 60 290-315 0.3-2.6 

Geller et al. [19]B 1996 Cap 99.98 1.2 44 253-363 0.4-5.5 

Sun et al. [16]W,B,M 1996 Cap 99.95 3.0 21 233-333 0.1-3.9 

Burke et al. [48] 1994 Cap 99.10 nad 4 235-294 0.1-1.5 

Bivens et al. [12]H 1993 Cap 99.98 1.2 7 253-348 0.1-5.3 

Ripple and Matar [7]L,Κ,B 1993 Cap 99.98 3.0-5.0 10 250-294 0.3-1.5 

Kochubey and Moin [49] 1978 Cap nad nad 1 273 0.1 

Phillips and Murphy [50] 1970 SSLCap 99.90 nad 10 200-287 0.03-1.3 
Μ  Measurements employed in the development of the 2015 correlation of He et al. [22]. 
B  Measurements employed in the development of the 2014 correlation of Boychuk [17].  
W  Measurements employed in the development of the 2007 correlation of Wang et al. [14]. 
H  Measurements employed in the development of the 2003 correlation of Huber et al. [11].  
K  Measurements employed in the development of the 1999 correlation of Kiselev et al. [8]. 
L  Measurements employed in the development of the 1997 correlation of Klein et al. [4] 
liq  Only liquid phase measurements – see text. 
vap  Only 0.1 MPa vapor phase measurements – see text. 
a  Cap, Capillary; FBod, Falling Body; FCyl, Falling Cylinder; kin, kinematic viscosity; OD, Oscillating Disc;  

SLS, Surface Light Scaterring; SSLCap, Sealed Suspended Level Capillary; VW, Vibrating Wire.  
b Lab, electronic grade further purified in the Laboratory with freezing and pumping cycles but specific purity 

level not provided. 
c EQ, Equation form 
d na, not available 

*  Uncertainty quoted at the 95% confidence level. Others are not specified. 
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FIG. 1  Temperature-pressure ranges of the primary experimental viscosity data for difluoromethane. 

(-) saturation curve. 

 

 
FIG. 2  Temperature-density ranges of the primary experimental viscosity data for difluoromethane. (-

) saturation curve. 

 
 

 The development of the correlation requires densities; in 1997, Tillner-Roth and Yokozeki [52] 

developed an accurate, wide-ranging equation of state that is valid from the triple-point temperature of  

136.34 K up to 435 K and pressures of 70 MPa, with an uncertainty in density of 0.05%. It was selected 

by Annex 18 of the International Energy Agency as an international standard for the thermodynamic 

properties of R-32 [52]. We also mention that in 2003, Span and Wagner [53] also published an equation 

of state for difluoromethane, but with a higher uncertainty in density (0.2 to 0.5%). Hence, it was 

decided to employ in this work the Tillner-Roth and Yokozeki [52] equation of state (also adopted in 

REFPROP [10]).  We also adopt the values for the critical point from their equation of state; the critical 

temperature, Tc, and the critical density, ρc, are 351.255 K and 424.00 kg m-3, respectively, while the 

triple-point temperature is 136.34 K [52]. Furthermore, we note that the measurements of Bair and 

Laesecke [23] extend to pressures well above the recommended limit of the EOS. The EOS behaves in 

a physically reasonable manner up to 350 MPa, the limit of the Bair and Laesecke [23] data, however 

the uncertainty in density is unknown in the extrapolated region.  
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2.1   The zero-density limit viscosity term 

The zero-density viscosity, η0(Τ) is a function only of temperature and can be analyzed independently 

of all other contributions in Eq. 1. Assuming that the Lennard-Jones potential is applicable, one can use 

Chapman-Enskog theory [54] to express the zero-density viscosity as [55] 

  
0 2 (2,2)
( ) 0.02669

MT
T

 
=     (2) 

where M (52.024 g mol-1), is the molar mass, and σ is the Lennard-Jones collision diameter in nm, T is 

the temperature in K, and the resulting viscosity is in μPa s.  Ω(2,2) is the Lennard-Jones collision integral, 

which can be calculated by the empirical correlation developed by Neufeld et al. [56] as a function of 

dimensionless temperature T* = kBT/ε (where kB is Boltzmann’s constant and ε is the Lennard-Jones 

energy parameter), as 
 

  

(2,2) 0.14874 0.7732 * 2.43787 *

4 0.14874 0.7683

( *) 1.16145( *) 0.52487e 2.16178e

6.435 10 ( *) sin 18.0323( *) 7.27371

T TT T

T T

 − − −

− −

= + +

 −  −  .
                    (3) 

 We used the estimation method in Chung et. al.[55] to provide starting estimates of the Lennard-

Jones parameters σ (m)  and ε/kB (K) and adjusted those values to fit the atmospheric pressure data of 

Geller et al. [19], Takahashi et al. [9], and Dunlop [15] using  Eqs. 2 and 3.  Although Eqs. 2 and 3 

represent the viscosity in the limit of zero density, employing atmospheric-pressure vapor-phase 

viscosity measurements introduces little error, as the difference in the viscosity values between p = 0 

and p = 0.1 MPa  is less than 0.1%. The resulting values obtained from the atmospheric-pressure data 

are σ = 0.411 nm and ε/kB = 290 K. Figure 3 shows the gas-phase atmospheric-pressure data and the 

calculated results for η0 using Eqs. 2 and 3. Note that the range of experimental data is limited and 

having theoretical guidance provides physically reasonable behavior upon extrapolation outside of the 

range of data. 

 

 
FIG. 3  Dilute-gas viscosity as a function of the temperature. η0 calculated by Eqs. 2 and 3, Geller et al. 

[19] (○), Takahashi et al. [9] (△), Dunlop [15] (◻)  
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For ease of use in calculations, η0 was fitted as: 

 

4

r

0
0 r 2

r

0

( ) ,

i

i

i

i

i

i

T

T

T

=

=

=










  (4) 

where the units for η0 are μPa s, the reduced temperature is Tr = (T/Tc), and the coefficients αi and βi are 

in Table 2. Eq. 4 reproduces the values calculated by Eqs. 2 and 3 to within 0.05 % up to 1000 K, and 

thus it will be employed hereafter. Figure 4 shows the deviations of the measurements, Eq. 4, and the 

previous dilute-gas limit viscosity correlations from the values calculated by Chapman-Enskog theory, 

ηCE, as given in Eq. 2 and 3. As shown in Fig. 4, Eq. 4 represents the experimental data to 2%, at a level 

of k = 2. There is an offset of about 0.7 % from the values of REFPROP v10.0, due to the fact that the 

model implemented in REFPROP v10.0 was based solely on the data of Takahashi et al. [9]. The limited 

experimental data do not agree to within their mutual estimated uncertainties as given in Table 1, and 

the availability of better data would allow improved representation of the dilute gas in the future. 

 

 

 

Table 2  Coefficients and parameters for Eqs. 4 - 7 
                                                                         

 

ε/kB (K) 290.0  

σ (nm) 0.411 

M (g mol-1) 52.024 

Tc (K) 351.255 

ρc (kg m-3) 424.00 

 

Coefficients αi (μPa s) for Eq. 4   

0 0.577885 

1 1.02498×101 

2 −4.95882 

3 1.41485×101 

4 −0.816434 

 

Coefficients  βi (-) for Eq. 4  

0 0.896478 

1 −0.595706 

2 1.0 

    

Coefficients bi (-) for Eq. 7  [57] 
0 -1.9572881×101 

1 2.1973999×102 

2 -1.0153226×103 

3 2.4710125×103 

4 -3.3751717×103 

5 2.4916597×103  

6 -7.8726086×102 

7 1.4085455×101 

8 -3.4664158×10-1  
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FIG. 4  Dilute-gas viscosity deviations from the values obtained by Chapman-Enskog theory, ηCE ,as a 

function of the temperature. Geller et al. [19] (○), Takahashi et al. [9] (△), Dunlop [15] (◻), Eq. 4 (▬), 

He et al. [22] and Wang et al. [14] (), Boychuk [17] (― ―), REFPROP 10 [10] (‒‒‒). 

 

 

 

2.2   The initial-density dependence viscosity term 

To represent the initial density dependence of viscosity term, η1ρ, in Eq. 1, we use the model proposed 

by Vogel et al. [58] which expresses the second viscosity virial coefficient Bη(T) in m3 kg-1, as 

 

 1

0

( )
( )

( )


 
 

 
= . (5) 

 

In Eq. 5, if the dilute-gas limit viscosity, η0(Τ), is expressed in μPa s, then the initial-density dependence 

viscosity term, η1(Τ), will be expressed in μPa s m3 kg-1. The second viscosity virial coefficient can be 

obtained according to the theory of Rainwater and Friend [38, 39] as a function of a reduced second 

viscosity virial coefficient, * *( )  , as 

 

 
* *

3
A

( )
( )

M

N





 
 


= , (6) 

where [39] 

 ( ) ( ) ( )
6 0.25 2.5 5.5

* * * * *
7 8

0

( )
i

ib T b T b T


 
− − −

=

= + + . (7) 

 

In Eq. 6, M is the molar mass 52.024 g mol-1, the scaled temperature is T* = T/(ε/kB), and NA is the 

Avogadro constant. The coefficients bi  from Ref. [57]  are given in Table 2.  
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2.3   The residual term 

The residual viscosity term, Δη(ρ,T), represents the contribution of all other effects to the viscosity of 

the fluid at elevated densities including many-body collisions, molecular-velocity correlations, and 

collisional transfer. An attempt to employ the hard-sphere model proposed by Assael et al. [59]  was 

not very successful, as the present data cover the gas, liquid, and supercritical regions. Hence, it was 

preferred to evaluate this term almost entirely on experimentally-obtained data, as discussed in the next 

paragraph.  

 The procedure adopted during this analysis used an in-house-developed least-squares software 

optimized using the Fisher score [60] to fit all the primary data to the residual viscosity as a function of 

the reduced temperature, Tr = T/Tc and reduced density, ρr = ρ/ρc. In addition, we adopted a form 

suggested by the hard-sphere model employed by Assael et al. [59] Δη(ρr,Tr)=(ρr
2/3Tr

1/2)F(ρr,Tr), where 

the fitting software was used to determine the functional form for F(ρr,Tr). For this task, the dilute-gas 

limit and the initial density dependence term were calculated for each experimental point, employing 

Eqs. 4-7, and subtracted from the experimental viscosity to obtain the residual term, Δη(ρr,Tr). The 

density values were obtained by the Tillner-Roth and Yokozeki [52] equation of state. The final 

equation was 

 

4 14 2
2/3 1/2 r r r
r r 0 1 r 2 3 4 2

r r r

( , ) ( )T T c c c c c
T T T

  
   

 
 = + + + + 

 
 (8) 

Coefficients ci are given in Table 3, and Δη is in μPa‧s. 

 

 

Table 3   Coefficients ci for Eq. 8. 
i ci 

 0 1.24655×100 

 1 8.85264×100 

 2 5.87282×10-1 

 3 2.81507×10-6 

 4 4.41060×100 

 

 

 

2.4   Comparison with data 

Table 4 summarizes comparisons of the primary data with the correlation. We define the percent 

deviation as PCTDEV = 100(ηexp−ηfit)/ηfit, where ηexp is the experimental value of the viscosity and ηfit 

is the value calculated from the correlation. The average absolute percent deviation (AAD) is found 

with the expression AAD = (∑│PCTDEV│)/n, where the summation is over all n points, the bias 

percent is found with the expression BIAS = (∑PCTDEV)/n. The average absolute percentage deviation 

of the fit for all primary data is 1.32 %, with a bias of -0.33 %. The estimated uncertainty of the 

correlation in the temperature range 220 to 425 K and up to 350 MPa is 3.4 % (at the 95% confidence 

level). Although the recommended upper pressure limit for the EOS of Tillner-Roth and Yokozeki [52] 

is 70 MPa, the viscosity correlation and the EOS behave in a physically realistic manner at pressures 

up to 350 MPa and we included all of the Laesecke and Bair data [61] in the primary data and analysis.  
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Table 4  Evaluation of the difluoromethane viscosity correlation for the primary data. 

 

1st  

Author 

Year 

 Publ. 

AAD 

(%) 

BIAS 

(%) 

Meng et al. [24] 2018 2.79 -2.79 

Bair and Laesecke [23] 2017 1.07 0.20 

Geller et al.vap [19] 1996 1.18 -1.18 

Grebenkov et al. [43] 1996 1.72 -0.76 

Heide [44] 1996 2.00 -1.49 

Takahashi et al. [9] 1995 1.06 -0.35 

Assael et al. [5] 1994 1.23 1.23 

Dunlop [15] 1994 1.53 -1.53 

Oliveira and Wakehamliq [6] 1993 1.57 0.06 

Entire data set 1.32 -0.33 

 

 

 Fig. 5 shows the relative deviations of all primary viscosity data of difluoromethane from the 

values calculated by Eqs. 1,4 - 8, as a function of temperature, while Figs. 6 and 7 show the same 

deviations but as a function of the pressure and the density. As shown in Fig. 7, the viscosity correlation 

well represents the data at pressures up to 350 MPa, even though the pressures are above the 

recommended limit of the EOS.  The correlation also behaves in a physically realistic manner and may 

be safely used down to the triple-point temperature of 136.34 K [52]. Near the triple-point temperature, 

we expect the uncertainty to be larger than 3.4%, possibly much larger, although the uncertainty is 

difficult to assess due to lack of data, as there are no primary data below 223 K. Additional experimental 

data for the liquid at temperatures below 220 K are necessary to further validate the correlation and 

make improved correlations possible in the future, especially if there is interest in very-low-temperature 

applications. As mentioned earlier, additional vapor-phase measurements at pressures up to atmospheric 

pressure also would enable a more accurate correlation in the future. 

 

  
FIG. 5  Relative deviations of primary experimental data of difluoromethane from the values calculated 

by the present model, Eqs. 1, 4-8, as a function of temperature. Meng et al. [24] (+), Bair and Laesecke 

[23] ( ), Grebenkov et al. [43] (□), Heide [44] ( ), Geller et al.vap [19] ( ), Takahashi et al.  [9] (O), 

Assael et al. [5] (▲), Dunlop [15] ( ), and Oliveira and Wakehamliq [6] (×). 
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FIG. 6  Relative deviations of primary experimental data of difluoromethane from the values calculated 

by the present model, Eqs. 1, 4-8, as a function of pressure. Meng et al. [24] (+), Bair and Laesecke 

[23] ( ), Grebenkov et al. [43] (□), Heide [44] ( ), Geller et al.vap [19] ( ), Takahashi et al.  [9] (O), 

Assael et al. [5] (▲), Dunlop [15] ( ), and Oliveira and Wakehamliq [6] (×). 

 

 

 

 
FIG. 7  Relative deviations of primary experimental data of difluoromethane from the values calculated 

by the present model, Eqs. 1, 4-8, as a function of density. Meng et al. [24] (+), Bair and Laesecke [23] 

( ), Grebenkov et al. [43] (□), Heide [44] ( ), Geller et al.vap [19] ( ), Takahashi et al.  [9] (O), Assael 

et al. [5] (▲), Dunlop [15] ( ), and Oliveira and Wakehamliq [6] (×). 
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 Table 5 shows the average absolute percent deviation (AAD) and the bias for the secondary data. 

The measurements of Liang et al. [45]  show deviations consistent with the earlier measurements of that 

same group (Meng et al. [24]) that were included in the primary data set.  Finally, Fig. 8 shows a plot 

of the viscosity of difluoromethane as a function of the temperature for different pressures. The plot 

demonstrates the extrapolation behavior at pressures higher than 70 MPa (limit imposed by the equation 

of state), and at temperatures that exceed the 423 K limit of the current measurements.  

 

 

Table 5  Evaluation of the difluoromethane viscosity correlation for the secondary data. 
 

 

1st author Year 

Publ. 

AAD 

(%) 

BIAS 

(%) 

Liang et al. [45] 2022 2.00 -2.00 

Yang et al. [46] 2020 2.71 -2.07 

Cui et al. [47] 2016 1.37 0.46 

Fröba et al. [20] 2000 4.04 0.46 

Laesecke et al. [13] 1999 2.88 -2.88 

Geller et al. [19] 1996 5.43 -3.53 

Sun et al. [16] 1996 1.84 -1.23 

Burke et al. [48] 1994 4.41 -4.41 

Bivens et al. [12] 1993 5.83 3.06 

Ripple and Matar [7] 1993 1.27 1.27 

Kochubey and Moin [49] 1978 1.03 1.03 

Phillips and Murphy [50] 1970 34.3 34.3 

 

 

 

 
FIG. 8  Viscosity of difluoromethane as a function of the temperature for different pressures.   
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3   Recommended Values   
In Table 6, viscosity values are given along the saturated liquid and vapor curves, calculated from the 

present proposed correlations between 220 and 350 K, while in Table 7 viscosity values are given for 

temperatures between 220 and 420 K at selected pressures. Saturation pressure and saturation density 

values for selected temperatures, as well as the density values for the selected temperature and pressure, 

are obtained from the equation of state of Tillner-Roth and Yokozeki [52]. The calculations are 

performed at the given temperatures and densities. For computer verification of values, the following 

points may be used for the given T, ρ conditions: T = 300 K, ρ = 0 kg m-3, η = 12.6170 μPa s; T = 300 

K, ρ = 10.0 kg m-3, η = 12.6333 μPa s; T = 300 K, ρ = 1100.0 kg m-3, η = 173.431 μPa s.  

  

 

Table 6   Viscosity values of difluoromethane along the saturation curve, calculated by the present 

scheme. 

Τ  

(Κ) 

p  

(MPa) 

ρ
liq

  

(kg m−3) 

ρ
vap

  

(kg m−3) 

η
liq

  

(μPa s) 

η
vap

  

(μPa s) 

220 0.093818 1217.1 2.7796 278.2 9.117 

240 0.23965 1160.3 6.7367 222.4 9.938 

260 0.52157 1098.9 14.239 178.8 10.77 

280 1.0069 1031.1 27.430 143.6 11.65 

300 1.7749 953.2 49.97 113.9 12.67 

320 2.9194 857.2 89.65 87.37 14.08 

340 4.5614 714.8 172.8 60.35 16.88 

350 5.6311 558.3 297.4 40.77 22.01 

          

 

 

4   Conclusions 
A new wide-ranging correlation for the viscosity of difluoromethane was developed based on critically 

evaluated experimental data and theoretical results. The average absolute percentage deviation of the 

fit for all primary data is 1.32 %, with a bias of -0.33 %. The estimated uncertainty of the correlation in 

the temperature range 220 to 425 K and up to 350 MPa is 3.4 % (at the 95% confidence level), however 

the recommended upper limit of the EOS is 70 MPa, and densities used in the development and analysis 

of the viscosity correlation above 70 MPa are extrapolated values. The correlation behaves in a 

physically reasonable manner at temperatures between the triple-point temperature, 136.34 K [52], and 

220 K, however there are no reliable experimental data in this region and uncertainty assessment is 

difficult.  Additional experimental measurements in the liquid phase at temperatures below 220 K would 

allow validation of the correlation in this region. The uncertainty in the atmospheric-pressure gas phase 

is 2%; the lack of high-quality experimental data in this region also hinders the development of a more 

accurate correlation. 

 

 

 

Supporting Information Available 
A text file containing the parameters for the calculation of the thermophysical properties of R-32 

including the viscosity correlation in this work is available for use with the REFPROP computer 

program. It must be named R32.fld to be viewed properly by the REFPROP program.  
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Table 7   Viscosity values of difluoromethane at selected temperatures and pressures, calculated by 

the present scheme. 

p  

(MPa) 

T  

(K) 

ρ  

(kg m−3) 

η 

(μPa s) 

 
p  

(MPa) 

T  

(K) 

ρ  

(kg m−3) 

η 

(μPa s) 

0.1 220 1217.1 278.2       50 220 1285.4 355.2 

 240 2.685 10.01   240 1243.0 293.1 

 260 2.457 10.82   260 1200.3 245.9 

 280 2.270 11.77   280 1157.1 209.3 

 300 2.111 12.63   300 1113.5 180.4 

 320 1.974 13.49   320 1069.5 157.2 

 340 1.854 14.33   340 1025.1 138.3 

 360 1.749 15.15   360 980.43 122.8 

 380 1.655 15.97   380 935.62 109.9 

 400 1.571 16.77   400 890.93 99.1 

 420 1.495 17.55   420 846.62 90.1 

10 220 1233.4 294.4        70 220 1306.1 384.3 

 240 1180.8 237.8   240 1266.7 318.6 

 260 1125.0 193.8   260 1227.5 269.0 

 280 1064.9 158.7   280 1188.3 230.6 

 300 998.6 129.7   300 1149.2 200.4 

 320 922.7 104.8   320 1110.2 176.3 

 340 829.8 82.11   340 1071.5 156.8 

 360 699.6 59.60   360 1033.1 140.8 

 380 478.5 36.01   380 995.1 127.6 

 400 305.8 26.15   400 957.7 116.6 

 420 239.0 24.30   420 921.0 107.3 

30 220 1261.7 325.6      

 240 1215.1 266.4      

 260 1167.4 221.3      

 280 1118.3 186.0      

 300 1067.4 157.9      

 320 1014.5 134.9      

 340 959.4 116.0      

 360 901.8 100.2      

 380 841.7 86.9      

 400 779.6 75.8      

 420 716.4 66.6      

 

 
 

 

References 
1. G. Myhre, D. Shindell, F.-M. Bréon, W. Collins, J. Fuglestvedt, J. Huang, D. Koch, J.-F. 

Lamarque, D. Lee, B. Mendoza, T. Nakajima, A. Robock, G. Stephens, T. Takemura, H. Zhang, 

Anthropogenic and Natural Radiative Forcing. In: Climate Change 2013: The Physical Science 

Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental 

Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. 

Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, 

Cambridge, United Kingdom and New York, NY, USA.,  (2013)  



15 

 
 
2. ANSI/ASHRAE 34-2019, Designation and Safety Classification of Refrigerants, 

https://www.ashrae.org/technical-resources/standards-and-guidelines/ashrae-refrigerant-

designations (2019)),  

3. M.J. Assael, J.H. Dymond, S.K. Polimatidou, Int. J. Thermophys. 16, 761 (1995)  

4. S.A. Klein, M.O. McLinden, A. Laesecke, Int. J. Refrig. 20, 208 (1997)  

5. M.J. Assael, J.H. Dymond, S.K. Polimatidou, Int. J. Thermophys. 15, 591 (1994)  

6. C.M.B.P. Oliveira, W.A. Wakeham, Int. J. Thermophys. 14, 1132 (1993)  

7. D. Ripple, O. Matar, J. Chem. Eng. Data 38, 560 (1993)  

8. S.B. Kiselev, R.A. Perkins, M.L. Huber, Int. J. Refrig. 22, 509 (1999)  

9. M. Takahashi, N. Shibasaki-Kitakawa, C. Yokoyama, S. Takahashi, J. Chem. Eng. Data 40, 900 

(1995)  

10. E.W. Lemmon, I.H. Bell, M.L. Huber, M.O. McLinden, NIST Standard Reference Database 23, 

NIST Reference Fluid Thermodynamic and Transport Properties Database (REFPROP): Version 

10.0. (2018) 

11. M.L. Huber, A. Laesecke, R.A. Perkins, Ind. Eng. Chem. Res. 42, 3163 (2003)  

12. D.B. Bivens, A. Yokozeki, V.Z. Geller, M.E. Paulaitis, Transport Properties and Heat Transfer 

of Alternatives for R-502 and R-22, ASHRAE/NIST Refrigerants Conference, 1993, NIST 

Gaithersburg MD, Aug. 19-20, 73-84.  

13. A. Laesecke, T.O.D. Luddecke, R.F. Hafer, D.J. Morris, Int. J. Thermophys. 20, 401 (1999)  

14. X. Wang, J. Wu, Z. Liu, Fluid Phase Equil. 262, 251 (2007)  

15. P.J. Dunlop, J. Chem. Phys. 100, 3149 (1994)  

16. L.-Q. Sun, M.-S. Zhu, L.Z. Han, Z.-Z. Lin, J. Chem. Eng. Data 41, 292 (1996)  

17. A.S. Boychuk, Refrig. Engin. Technol. (Russian) 50, 8 (2014)  

18. C.M.B.P. Oliveira, W.A. Wakeham, Int. J. Thermophys. 20, 365 (1999)  

19. V.Z. Geller, M.E. Paulaitis, D.B. Bivens, A. Yokozeki, Int. J. Thermophys. 17, 75 (1996)  

20. A.P. Frӧba, S. Will, A. Leipertz, Int. J. Thermophys. 21, 1225 (2000)  

21. A.A. Vasserman, D.V. Fominsky, Int. J. Thermophys. 22, 1089 (2001)  

22. M. He, X. Qi, X. Liu, C. Su, N. Lv, Int. J. Refrig. 54, 55 (2015)  

23. S. Bair, A. Laesecke, Int. J. Refrig. 83, 157 (2017)  

24. X. Meng, Y. Sun, F. Cao, C. Wen, J. Wu, J. Refrig. (in Chinese) 39, 39 (2018)  

25. C.M. Tsolakidou, M.J. Assael, M.L. Huber, R.A. Perkins, J. Phys. Chem. Ref. Data 46, 023103 

(2017)  

26. M.L. Huber, M.J. Assael, Int. J. Refrig. 71, 45 (2016)  

27. M.J. Assael, T.B. Papalas, M.L. Huber, J. Phys. Chem. Ref. Data 46, 033103 (2017)  

28. S. Avgeri, M.J. Assael, M.L. Huber, R.A. Perkins, J. Phys. Chem. Ref. Data 43, 033103 (2014)  

29. S. Avgeri, M.J. Assael, M.L. Huber, R.A. Perkins, J. Phys. Chem. Ref. Data 44, 033101 (2015)  

30. E.K. Michailidou, M.J. Assael, M.L. Huber, R.A. Perkins, J. Phys. Chem. Ref. Data 42, 033104 

(2013)  

31. E.K. Michailidou, M.J. Assael, M.L. Huber, I. Abdulagatov, R.A. Perkins, J. Phys. Chem. Ref. 

Data 43, 023103 (2014)  

32. S.A. Monogenidou, M.J. Assael, M.L. Huber, J. Phys. Chem. Ref. Data 47, 023102 (2018)  

33. D. Velliadou, K.A. Tasidou, K.D. Antoniadis, M.J. Assael, R.A. Perkins, M.L. Huber, Int. J. 

Thermophys. 42, 73 (2021)  

34. M. Mebelli, D. Velliadou, M.J. Assael, M.L. Huber, Int. J. Thermophys. 42, 116 (2021)  

35. D. Velliadou, M.J. Assael, M.L. Huber, Int. J. Thermophys. 43, 105 (2022)  

36. R.A. Perkins, M.L. Huber, M.J. Assael, J. Chem. Eng. Data 61, 013102 (2016)  

37. M.J. Assael, A.E. Kalyva, S.A. Monogenidou, M.L. Huber, R.A. Perkins, D.G. Friend, E.F. May, 

J. Phys. Chem. Ref. Data 47, 021501 (2018)  

38. D.G. Friend, J.C. Rainwater, Chem. Phys. Lett. 107, 590 (1984)  

39. J.C. Rainwater, D.G. Friend, Phys. Rev. A 36, 4062 (1987)  

40. E. Bich, E. Vogel, Chap. 5.2, in Transport Properties of Fluids. Their Correlation, Prediction and 

Estimation. (Cambridge University Press, Cambridge, 1996) 

41. V. Vesovic, W.A. Wakeham, G.A. Olchowy, J.V. Sengers, J.T.R. Watson, J. Millat, J. Phys. 

Chem. Ref. Data 19, 763 (1990)  



16 

 
 
42. S. Hendl, J. Millat, E. Vogel, V. Vesovic, W.A. Wakeham, J. Luettmer-Strathmann, J.V. Sengers, 

M.J. Assael, Int. J. Thermophys. 15, 1 (1994)  

43. A.J. Grebenkov, V.P. Zhelezny, P.M. Klepatsky, V. Beljajeva, Y.A. Chernjak, Y.G. Kotelevsky, 

B.D. Timofejev, Int. J. Thermophys. 17, 535 (1996)  

44. R. Heide, DKV-Tagungsbericht, Leipzig 23, 225 (1996)  

45. X. Liang, J. Sun, X. Meng, J. Wu, J. Chem. Thermodyn. 164, 106641 (2022)  

46. X. Yang, A. Arami-Niya, X. Xiao, D. Kim, S.Z.S. Al-Ghafri, T. Tsuji, Y. Tanaka, Y. Seiki, E.F. 

May, J. Chem. Eng. Data 65, 4252 (2020)  

47. J. Cui, S. Bi, X. Meng, J. Wu, J. Chem. Eng. Data 61, 950 (2016)  

48. M. Burke, S. Carre, H. Kruse, CFCs the day after: Proc. of Meetings of Commissions B1, B2, 

E1, E2, Padova September 21-23,  (1994)  

49. V.F. Kochubey, F.B. Moin, Zh. Fiz. Khim. 52, 15 (1978)  

50. T.W. Phillips, K.P. Murphy, J. Chem. Eng. Data 15, 304 (1970)  

51. W.A. Wakeham, M.J. Assael, Bulgarian Chem. Commun. 51, 9 (2019)  

52. R. Tillner-Roth, A. Yokozeki, J. Phys. Chem. Ref. Data 26, 1273 (1997)  

53. R. Span, W. Wagner, Int. J. Thermophys. 24, 111 (2003)  

54. R.C. Reid, J.M. Prausnitz, B.E. Poling, The Properties of Gases and Liquids, 4th Ed. (McGraw-

Hill, New York, 1987) 

55. T.-H. Chung, M. Ajlan, L.L. Lee, K.E. Starling, Ind. Eng. Chem. Res. 27, 671 (1988)  

56. P.D. Neufeld, A.R. Janzen, R.A. Aziz, J. Chem. Phys. 57, 1100 (1972)  

57. Ε. Vogel, C. Küchenmeister, Ε. Bich, A. Laesecke, J. Phys. Chem. Ref. Data 27, 947 (1998)  

58. E. Vogel, E. Bich, R. Nimz, Physica A 139, 188 (1986)  

59. M.J. Assael, J.H. Dymond, M. Papadaki, P.M. Patterson, Int. J. Thermophys. 13, 269 (1992)  

60. R.I. Jennrich, P.F. Sampson, Technometrics 18, 11 (1976)  

61. A. Laesecke, S. Bair, Int. J. Thermophys. 32, 925 (2011)  
 

 


