
According to ASTM D1655 [1] , ASTM D7566 [2], and Def Stan 
91-091 [3], jet fuels must comply with viscosity specifications at 
-20 °C and -40 °C for fuels containing synthesised hydrocarbons. 
In addition, freezing point and density at 15 °C are mandatory 
certification parameters. Operationally, parameters such 
as kinematic and dynamic viscosity borderline temperature 
(kVBT and dVBT) and viscosity at 3 °C above freezing point are 
increasingly relevant for assessing fuel behaviour close to its 
operational limits.
Traditionally, these parameters have been determined using 
separate instruments, including ASTM D445 [4] or D7042 [5] 
for viscosity, ASTM D4052 [6] for density and ASTM D2386 
[7] for freezing point. While each method fulfills its individual 
purpose, the increasing complexity of aviation fuels, particularly 
sustainable aviation fuels (SAF), has highlighted the need 
for approaches capable of providing a comprehensive 
characterisation of cold-flow and pumpability behaviour.
The recent introduction of ASTM D8630 [8], a new automated 
freeze point method, reflects the industry’s transition toward 
instrument-based, objective cold-flow analysis in which all relevant 
jet fuel parameters can be determined within a single analytical 
workflow. This article describes the determination of seven critical 
jet fuel properties using Anton Paar’s SVM 3001 Cold Properties, a 
multi-parameter viscometer based on ASTM D7042.

Figure 1: SVM 3001 Cold Properties, a multiparameter instrument 
for jet fuel analysis. The configuration shown features manual  
sample introduction.

Viscosity determination at -20 °C according to ASTM D7042

ASTM D7042 determines dynamic viscosity and density 
simultaneously, allowing automatic calculation of kinematic 
viscosity. For jet fuels at -20 °C, ASTM interlaboratory studies 
demonstrate performance equivalent to, or better than, ASTM 
D445. The values shown in Table 1 are calculated from the 
precision equations given in ASTM D7042-25 and ASTM D445-24, 
assuming a representative jet fuel with a viscosity of 7.98 mm²/s.

Table 1: Precision comparison at -20 °C and 7.98 mm2/s

In addition, statistical evaluation by ASTM has identified only a 
minor systematic bias between the two methods. At a viscosity 
of 7.98 mm²/s, this bias amounts to approximately 0.17 %, which 
is more than six times smaller than the repeatability of either 
method. Consequently, in practical terms, both methods lead to 
the same specification decision for jet fuel viscosity.

Application data [9] for a range of different Jet Fuel A-1 samples 
confirm the agreement:

Table 2: Jet fuel viscosity at -20 °C

The observed deviations are well within reproducibility limits.

Because ASTM D7042 measures dynamic viscosity (η) and 
density (ρ) directly, kinematic viscosity (ν) is calculated as:

ν=η 
    ρ

The advantage of this approach lies in the elimination of 
gravitational dependencies inherent to capillary methods, which 
enables a single measuring cell to cover viscosities from 0.2 
mm²/s to 30,000 mm²/s without capillary exchange.

Temperature-dependent viscosity and density behavior 
according to ASTM D4054 [10] and viscosity at -40 °C

Beyond single-point measurements, ASTM D4054 defines the 
evaluation of jet fuels by measuring viscosity and density over a 
temperature range. This includes viscosity at -40 °C (or freezing 
point +5 °C), -20 °C and higher temperatures, as well as density at 
multiple temperatures.

The Temperature Table Scan (TTS) measurement mode of 
SVM 3001 Cold Properties, facilitated by its thermoelectric 
temperature control, permits the acquisition of full viscosity/
density–temperature profiles from a single filling. Representative 
results for a jet fuel standard (N2B) are shown below.

Table 3: Viscosity and density vs. temperature (N2B Standard) using 
repeated test points per temperature [11]
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Parameter ASTM D7042 ASTM D445

Repeatability r(95) 1.07 % 1.24 %

Reproducibility R(95) 1.86 % 2.18 %

Sample ASTM D445 
(mm²/s)

ASTM D7042 
(mm²/s)

Deviation (%)

Jet Fuel A-1 5.068 5.082 0.28

Jet Fuel A-1 4.762 4.773 0.23

Jet Fuel A-1 5.368 5.382 0.26

Jet Fuel A-1 4.332 4.340 0.18

Temperature 
(°C)

Kin.  
viscosity 
(mm²/s)

Density  
(g/cm³)

Repeatability 
 kin. vis  
(r, 2σ, %)

Repeatability 
density  
(r, 2σ, %)

-40 23.023 0.8556 0.13 0.00002

-20 9.0327 0.8413 0.04 0.00008

20 2.9032 0.8128 0.02 0.00001

25 2.6162 0.8092 0.03 0.00003

40 1.9906 0.7986 0.04 0.00003

60 1.4624 0.7844 0.04 0.00003
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Figure 2: N2B viscosity and density over temperature.

These data illustrate the strong temperature dependence of 
viscosity and highlight the importance of continuous profiling 
rather than isolated measurements when evaluating new aviation 
turbine fuels and fuel additives.

Freezing point according to ASTM D8630 [12] 

Freezing point defines the lowest permissible operational 
temperature of jet fuel, making it a critical safety parameter. While 
ASTM D2386 has historically served as the reference method, 
it relies on visual detection of crystal disappearance and is 
inherently operator dependent.

ASTM D8630, with which SVM 3001 Cold Properties is fully 
compliant, introduces an automated procedure based on 
instrument-controlled detection of the phase transition. This 
procedure replaces subjective visual endpoint determination 
with a standardised and reproducible measurement approach, 
improving both repeatability and operator independence.

The performance of the automated method has been validated 
in a worldwide interlaboratory study (ILS) using SVM 3001 Cold 
Properties. The study demonstrated excellent precision, with a 
repeatability of r = 0.4 % and a reproducibility of R = 1.1 % (at -47 °C) 
and showed no statistically significant bias compared to the manual 
ASTM D2386 method. These results confirm that the automated 
method provides equivalent measurement trueness while improving 
reproducibility and consistency across laboratories.

Application data obtained using automated freezing point 
determination are shown below: 

Table 4: Freezing Point Results

(ASTM D2386-19 repeatability: 1.5 °C, reproducibility: 2.5 °C)

The repeatability achieved with automated measurement lies well 
within the repeatability and reproducibility limits of ASTM D2386, 
while the absence of bias ensures equivalence of results between 
both methods.

The introduction of ASTM D8630 therefore represents a 
significant step toward standardized and automated freeze point 
determination, enabling objective and reproducible cold-flow 
analysis as part of integrated multiparameter testing workflows.

Viscosity Borderline Temperature (kVBT and dVBT) [11]

The viscosity borderline temperature corresponds to the 
temperature at which fuel reaches a defined viscosity limit 
(typically 12 mm²/s). This parameter is critical for pumpability 
and sprayability. In the following, two different jet fuel samples 
and one certified reference material were characterised. In all 
cases, kVBT (kinematic viscosity borderline temperature) showed 
excellent repeatability (< 0.2 °C).

Table 5: Viscosity borderline temperature

The temperature scan measurement mode allows for  
direct determination of the viscosity borderline temperature 
without interpolation. With SVM 3001 Cold Properties, the 
viscosity limit can also be freely adjusted to values other than  
12 mm²/s. Further, depending on user preference and to  
furnish results independent of fuel density, a dynamic viscosity 
borderline limit may be defined, instead of a kinematic viscosity, 
affording a dynamic viscosity borderline temperature (dVBT). 
Such flexibility proves especially beneficial in the development 
of novel fuels which might show broader density variation than 
conventional fuels.

Viscosity at 3 °C above freezing point

The viscosity at 3 °C above the freezing point is used 
operationally as a safety margin. In SVM, this figure is commonly 
referred to as SFP (“standard measurement above freeze point”). 
The same materials as in the previous section were measured:

Table 6: SFP Values

Since SVM 3001 Cold Properties allows for both freeze point 
determination and viscosity measurement within a single unit, 
the SFP can be determined directly after the freeze point within a 
single automated workflow and from the same filling.

Integrated seven-parameter analysis

To summarise, SVM 3001 Cold Properties – with its full 
compliance to ASTM D7042, ASTM D4052 and ASTM D8630 
– allows the determination of seven critical jet fuel parameters 
within a single workflow:

1. Kinematic viscosity at -20 °C

2. Kinematic viscosity at -40 °C

3. Density at 15 °C

4. Freezing point

5. Kinematic viscosity borderline temperature (kVBT)

6. Dynamic viscosity borderline temperature (dVBT)

7. Viscosity at 3 °C above freezing point (SFP) 

All of these parameters can be obtained from a single sample 
filling. During one measurement, up to 15 parameters can be 
determined and displayed simultaneously. In addition, further 
quantities can be calculated and reported based on the measured 
values by defining user-specific functions within the instrument. 
This offers full flexibility, especially in an R&D context.

Figure 3: SVM 3001 Cold Properties with Xsample 340, a setup enabling fully 
automated jet fuel analysis.

Conclusion
The introduction of ASTM D8630 complements established 
methods such as ASTM D7042 and ASTM D4052 within SVM 
3001 Cold Properties and renders the instrument a true multi-
parameter tool for jet fuel certification and development.

Application data demonstrate that viscosity measurement 
according to ASTM D7042 provides precision equivalent to 
or better than ASTM D445, while automated freezing point 
determination according to ASTM D8630 achieves repeatability 
well within ASTM D2386 precision limits.
In combination with temperature-dependent analysis according 
to ASTM D4054, a comprehensive characterisation of jet fuel 
behaviour becomes possible.
Integrated systems such as SVM 3001 Cold Properties enable 
determination of seven critical jet fuel parameters within a 
single analytical workflow, providing a technically consistent and 
efficient solution for modern aviation fuel laboratories.
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Viscosity, density and freezing behaviour are critical quality-
control parameters for aviation turbine fuels that directly 

influence pumpability, spray formation, and safe engine operation 
under low-temperature conditions.

Sample Measured 
FP (°C)

Reference 
FP (°C)

Deviation 
(°C)

Repeatability  
(r, 2σ, °C)

CRMU-
FRKR

-52.25 -52.90 0.65 0.17

ASTM JF -54.04 -55.23 1.19 0.15

Jet Fuel 
A-1

-61.09 ≥ -47 
(spec)

Spec 
fulfilled

0.91

Sample kVBT 
(°C)

Borderline 
Viscosity 
(mm²/s)

Repeatability 
kVBT  
(r, 2σ, °C)

Repeatability 
Viscosity  
(r, 2σ, %)

CRMU-
FRKR

-53.91 12.08 0.04 0.05

ASTM 
JF

-52.77 12.07 0.15 0.01

Jet Fuel 
A-1

-41.38 12.05 0.05 0.01

Sample SFP (mm²/s)

CRMU-FRKR 9.660

ASTM JF 11.07

Jet Fuel A-1 32.14
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