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Abstract. In this work we present a new data compression model aimed to reduce the huge amount 
of data generated during simulation of laser assisted manufacturing processes with multiphysical 
models developed using OpenFOAM® simulation software. The overall compression efficiency of 
such model is compared to GNU-Zip®, -the currently offered alternative in the software package- and 
other commercial tools for our cases of interest as well as for a standard tutorial case. 

1 Introduction  
OpenFOAM® (Open Source Field Operation and 
Manipulation) is a numerical simulation software 
package to solve problems in the field of continuum 
mechanics [1]. The main purpose is solving CFD-
problems. OpenFOAM simulations can easily 
generate vast amounts of data requiring lots of 
storage capacity.  

This work shows a comparative analysis of the 
compression ratios obtained by a new compression 
model based on our newly developed approach and 
OpenFOAM®'s standard tools for the cases of 
multiphysical laser processing simulations as well as 
for one simple tutorial case. Furthermore, 
compression ratios achieved with other commercial 
tools are also included. 
 

2 Theoretical Approach  
OpenFOAM produces lists of numbers, which 
represent the simulation data, and stores every list in 
a separate UTF-8 text file.  
 
Example 1 excerpt from a typical set of data generated by 
the simulation: 

2.94823e-07 
2.94588e-07 
2.94337e-07 
2.94052e-07 
2.93767e-07 

 
The standard tool for compression offered by 

OpenFOAM is GNU-Zip®. GNU-Zip is based on the 
algorithm LZ77 [2]. LZ77 replaces patterns in the 
data which are occurring twice with a back-reference 
to the first occurrence [3].  

Compression always works through removing 
unnecessary information and redundancies.  GNU-

Zip does not remove all redundancies for the sake 
of versatility. 

The case of Example 1 includes several 
redundancies that could be removed, such as the 
decimal point, character ‘e’ followed by ‘-07’ and 
even the line break, supposing that every number is 
encoded with a constant length. 

For every number being greater than 2.9e-07 it 
is possible to just save it once and further on save 
only the respective offsets like: 

4823 
4588 
4337 
4052 
3767 

 
Such, after storing the first, 7 characters could be 
saved with each following number. General purpose 
compression tools such as GNU-Zip cannot apply 
this method, because it interprets any number as 
string and is therefore incapable to calculate offsets. 

Looking at data compression from a 
mathematical point of view it is necessary to 
understand how much information is stored in a 
message and how much information can be 
compressed. This directly leads to the topic entropy. 

Claude E. Shannon described how to measure 
the amount of information in a message [4]. The 
average information content of a symbol in a 
message is called entropy (Shannon entropy). The 
result of this value times the number of symbols in a 
message yields the information content of this 
message, which sets the theoretical limit for its 
compression. 

Commercial compression tools converge well to 
this limit, but these tools handle the data as a string 
of symbols and not as lists of numbers. By 
calculating the information content for every number 
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instead of doing it for every symbol in our data it is 
possible to undercut this limit. 

3 Results 
Currently our data compression model is still in the 
developing phase, all the while yielding the 
portrayed results. In the following subchapters our 
compression approach will be compared to other 
compression methods. First the results are shown 
applying this model to a tutorial case incorporated in 
OpenFOAM. Subsequently the model is compared 
to other compression methods being applied to 
simulations of laser processes. 

The simulations were computed with 
OpenFOAM Version 2.3.1. 
 
The compression programs used are: 
Program Version 
Gzip Inbuilt in OpenFOAM 
Tar-Gzip 1.27.1 
7zip 9.20 
Zip 3.0 
Table 1: Compression Methods 

3.1 OpenFOAM Tutorial Case 
The OpenFOAM-Case that was tested is called 
“damBreakWithObstacle” and can be found in the 
Tutorial-Directory of OpenFOAM under 
“/tutorials/multiphase/interDyMFoam/ras/damBreak
WithObstacle”. The uncompressed version of this 
case uses 7,86 GB of disk space with write 
precision 6. The case is visualized in Figure 1. The 
results of our compression model in relation to 
commercial compression methods are shown in 
Figure 2. 

 
Figure 1. Visualization of the OpenFOAM tutorial case 
“damBreakWithObstacle”. 

 The write precision has been changed from 4 
up to 10 digits as it is shown on the X-Axis in Figure 
2. The simulation has also been simulated as single 
core simulation. The Y-Axis shows the compression 
ratio, which has been calculated according to 
following expression: 

𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛	𝑟𝑎𝑡𝑖𝑜 = 1 −
𝑠𝑖𝑧𝑒	𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑒𝑑
𝑠𝑖𝑧𝑒	𝑢𝑛𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑒𝑑

 
 

The compression efficiency achieved with our 
approach is higher in most of the cases than any 
other alternative. 

Obviously, the compression rates tend to 
decrease when increasing the write precision. 

 

Example The numbers 1.22222222 and 1.22222223 
can only be differentiated when being written with a 
precision of at least 9 digits. This increases the 
information content of the data. 

 
Figure 2. Compression ratios obtained for the OpenFOAM 
tutorial case “damBreakWithObstacle”. 

3.2 Laser Simulation Cases 
To test this model with real-life cases we followed a 
similar procedure with a two- and three-dimensional 
simulations involving a laser welding process. More 
details of these simulations can be found in [5]. 
Such simulations are visualized in Figure 3 and 
Figure 4. 

 
Figure 3. Visualization of the two-dimensional laser simulation 
case [5]. 
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Figure 4. Visualization of the three-dimensional laser 
simulation [5]. 

The two-dimensional simulation takes up 113 
MB and the three-dimensional simulation takes up 
19,26 GB of disk space. 

As shown in Figure 5 the results of our 
compression model concerning the two-dimensional 
laser simulation are  better than the compression 
model currently used in OpenFOAM as well as ZIP 
commercial software. However, there are available 
options such as TAR.Gip and 7Zip which achieve 
better compression ratios. 

 
Figure 5. Compression ratios obtained for the two-dimensional 
laser simulation case [5]. 

 
Figure 6. Compression ratios obtained for a three-dimensional 
laser simulation case [5]. 

Regarding the three-dimensional laser 
simulation, the results presented in Figure 6 show 
that our compression model is still not comparable 
with the existing alternatives. The reasons for such 
low performance in the laser simulations and 
specially in the three-dimensional case are still 
unclear. Our compression model is currently in 
development phase and further improvements shall 
be accomplished in order to match the needs of 
real-life cases. 

4 Summary and Outlook 
Entropy data substantiate expectations for further 
improvement of the compression method which is 
still under development. 

Further developments planned for the future 
include the integration of lossy compression 
methods controlling data boundaries by parameters. 

Example For many purposes the number 2.4356e-
200 could be seen as 0. This could reduce much 
data. 

The final objective is the integration into 
OpenFOAM as soon as the development of the 
method itself will have been completed. 
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