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1. Example of estimation of the uncertainty of a fluid’s property

The estimation of the uncertainty of the predicted values of the critical
temperature of 2,3,3,3-tetrafluoropropene (R1234yf) (see Fig. 1 ) by using
both GCM and ANN is presented here as an example of use.
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Figure 1: 2D representation of the molecule of 2,3,3,3-tetrafluoropropene (R1234yf).

The Matlab code to call the calculation subroutine is given as follows.
Here param GCM, u param GCM, and pdf param GCM are the parameters of the
GCM, their uncertainty and their PDFs, respectively. This is analogous for
the ANN.

fluid groups=[0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

0 0 0 0 0 1 1 0 0 0 0];

% Estimation of the uncertainty of Tc with the GCM

u Tc GCM=uncertainty model(@Tc GCM man,fluid groups,param GCM,...

u param GCM,pdf param GCM)=14.8163 %K

% Estimation of the uncertainty of Tc with the ANN

u Tc ANN=uncertainty model(@Tc ANN man,fluid groups,param ANN,...

u param ANN,pdf param ANN)=34.8387 %K
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2. Uncertainty results for each of the individual groups for the
models

Figure 2: Calculated uncertainties for the GCM (white) and ANN (dark grey) when the
inputs used for the models corresponds to each of the functional groups indicated in the
x-axis. Those groups where no value is given for the GCM indicate that the result was an
imaginary number. Note that the y-axis is in a logarithmic scale.
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3. Correlation matrices of the groups in the fluid set

Figure 3: Representation of the absolute correlation matrix among the groups of the
fluids set used for the fitting of the critical temperature Tc. Darker squares indicate a
higher correlation between the corresponding groups, which may increase the uncertainty
of the prediction for the molecules containing both groups. This correlation matrix can
be considered nearly equal to that obtained for the critical pressure pc.
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Figure 4: Representation of the absolute correlation matrix among the groups of the fluids
set used for the fitting of the acentric factor ω. Darker squares indicate a higher correlation
between the correspondent groups, which increases the uncertainty of the prediction for
the molecules containing both groups. This correlation matrix can be considered nearly
equal to that obtained for the ideal gas heat capacity cp,0.

5



4. Estimated uncertainty and number of bootstrap samples

a) b)

c) d)

Figure 5: Variation of the estimated uncertainty from the bootstrap method versus the
number of samples used. Figures a) and b) present an example for the critical temperature
predicted by the GCM and the ANN, respectively, for ten fluids from the dataset. Figures
c) and d) present an example for the ideal gas heat capacity at 350 K predicted by the
GCM and the ANN, respectively, for ten fluids from the dataset.

Figure 5 represents the uncertainty of the critical temperature and the
ideal gas heat capacity at 350 K estimated by the GCM and the ANN,
depending on the number of bootstrap samples used. As it can be observed,
though some of the estimated values with a number of samples below 50 may
show scattering, the estimated values tend to stabilize towards a number of
100 samples, thus justifying the validity of the method used in this work for
the estimation of the model parameters.
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5. Number of samples of the Latin hypercube method

a) b)

Figure 6: Standard deviation of the generated samples of the Latin hypercube method
for the critical temperature, critical pressure, acentric factor, and heat capacity at 350 K
versus number of samples.

Figure 6 presents the variation of the standard deviation of the samples
of critical temperature, critical pressure, acentric factor, and ideal gas heat
capacity at 350 K generated for the Latin hypercube method, for both the
GCM and the ANN, versus the number of samples generated. The shaded
area represents a 1% band of the standard deviation calculated for 1000
samples. As it can be observed, the standard deviation of the samples does
not change significantly for a number of samples above 100.
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6. Standard deviation versus number of samples for the Monte
Carlo propagation of uncertainties

a) b)

Figure 7: Standard deviation of the calculated values of the saturation pressure (a) and
saturated liquid enthalpy (b) for different numbers of Latin hypercube samples of the
critical temperature, critical pressure, acentric factor, and ideal gas heat capacity.

Figure 7 presents the standard deviation of the calculated values of the
saturation pressure and saturated liquid enthalpy, for GCM and ANN, for
different numbers of Latin hypercube samples of the critical temperature,
critical pressure, acentric factor, and ideal gas heat capacity. The shaded area
represents a 1% band of the standard deviation of the property calculated
for 1000 samples. As it can be observed, despite in the case of 50 samples,
the standard deviation of the samples does not change significantly with the
number of samples.
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