
1. Artificial Neural Networks (ANN)

 Shows good agreement with real data 

 Model predictions show low spread

 ANN explains almost all data points

 Can still lack data in some areas

• Adding more reliable data could improve 

predictions

2. Support Vector Machines (SVM)

 Shows good agreement with real data 

 Model predictions show constant spread in entire 

area

 Explains  slightly  less data compared to ANN

• SVM  model needs more data or  more vectors to 

learn better and give better predictions

3. K-Nearest Neighbors (k-NN)

 Only  gives good agreement while predicting  

speeds  in inverval of 1.5 – 3 meters

 Shows high spread.

 Explains  slightly  less data compared to SVM

• Adding  more data  and changing the amount of 

centers could improve predictions

4. Random Forest (RF)

 Shows  less agreement with real data  than SVM 

and ANN

 It is possible to notice these non-linear 

dependencies between data and predictions  which 

can indicate lack of trees in the forest

5. Multivariate Adaptive Regression 

Splines (MARS)

 It is bad at predicting low velocities  but shows 

average spread for higher velocities.

 Data could be too complicated for this model to get 

better predictions without human help (data 

transformations could be one of the options)

Models Mean Squared 

Error 

((cm/s)^2)

Mean 

Absolute 

Error (cm/s)

R-Squared

ANN 73.07 6.1 0.997

SVM (SVR) 843.95 23.37 0.969

RF 1100.3 23.68 0.965

K-NN 1164.57 18.32 0.954

MARS 1324.74 24.41 0.949
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Conclusions
 The ANN model shows best results with all tested performance measures with SVM in 2nd place, which has almost 4 times 

larger mean absolute error and over 11 times larger mean squared error.

 All models were tested and showed prediction speed suitable for CFD

 As it stands now, this ANN model has the lowest prediction error of all algorithms used for predicting hydrogen-air mixtures 

laminar burning velocities, which this study could find in literature.

 Also, it is most likely possible to improve predictions over time by expanding database and re-training ANN model, this will be 

the focus for future works.

Table 2. Statistics of tested models

USED  DATA

Temperature 296-573K

Pressure 0.1-5 atm

Equivalence ratio 0-7.16

Datapoints 2870

Used literature 26 papers

Table 1. Used data
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The objective of this work was to develop and implement an Artificial Neural Network (ANN) model of hydrogen laminar burning velocity into a combustion CFD solver. The basis for the work was 

previously developed ANN model, however, while previous model was predicting accurate results, it had a drawback – was relatively slow and, therefore, unsuitable for application in CFD. 

During this study the original ANN was transformed into a faster model of very similar accuracy. New ANN was trained minimizing weighted average of the mean absolute error and mean 

squared error, this should predict values between mean and median of data points under the same conditions. Model consists of 4 hidden layers with number of weights equal to 7,10,7,5 

respectively.  Input parameters are: temperature, pressure and equivalence ratio. Data used for training and testing is defined in Table 1. Obtained model was also compared with other popular 

algorithms and clearly showed its advantage in predicting accurate results. Developed model was implemented into a custom OpenFOAM-based turbulent premixed hydrogen combustion solver 

flameFoam and preliminary simulations are being currently performed.

Introduction


