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CONSTRUCTION AND TESTING OF THE WAVE 
BREAKING PROTOTYPE – SLOSH NOISE BAFFLE  

Oana-Maria MANTA (BĂLAȘ)1, Radu BĂLAȘ2,  
 Mihaela-Elena ULMEANU3, Roman MURZAC4, Cristian DOICIN5 

This paper has the objective to present the results and behavior of using a slosh 
noise baffle solution studied in previous works, by testing prototype parts to capture 
the noise level of wave braking inside a fuel tank in a “natural environment” of a fuel 
tank. The hypothesis that stayed at the basis of this test is to evaluate the decibel level 
in the moment a vehicle breaks from different speeds and by using different fuel level 
inside the fuel tank.  
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1. Introduction 
1.1 Aim of the study 
The paper is part of a science project with the purpose of studying the 

behavior of a new designed slosh noise baffle inside a fuel tank. The aim of the 
study was to validate the design of the “link baffle” by testing a prototype and 
comparing results with a test without any baffle inserted in the fuel tank. The baffle 
solution to reduce slosh noise inside an automotive fuel tank was presented in 
several previous works [1], [2].  

 
1.2. Originality 
The main theme represents the creation of a new baffle design for fuel tanks 

in automotive industry that can be adapted to already existing fuel tank without 
modifying the original design of it. The baffle is needed to decrease noise generated 
by the fuel waves inside the fuel tank, noise that is impacting more and more the 
client. The phenomenon is mainly known as “slosh noise” and was described in 
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previous works [1], [2]. This paper presents the analysis of the Link baffle model 
in order to verify the validity of the project and impact in slosh noise decrease.  

 

 
 

  
Fig.  1. Link baffle for a standard fuel tank of 55 L volume 

 
2. General consideration for analysis  
 
2.1. Design & manufacturing  
 
This paper has the objectives to test acoustic behavior of a slosh noised baffle 
solution, based on previous studies, [1], [2]. In fig. 2 is the 3D model of “Link 
Baffle” solution inserted in a fuel tank. First step of the analysis is to manufacture 
the components presented in Fig. 2. 
  

 
Fig.  2. 3D of Link baffle inside a fuel tank  

An important component for this test is represented by the fuel tank.  It is used a 
simple design: a rectangular body with a 55 L volume [1], [2]. To manufacture the 
prototype fuel tank for testing purposes, there were used 10mm plexiglass plates. 
The tank is fixed on a support to maintain same position during testing loops.  
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To simulate the free introduction of a slosh noise baffle, an insertion hole was made 
in the upper wall of the fuel tank, based on the diameter of pump module superior 
flange. This will show how an operator will simply insert the baffle in the fuel tank. 
Another component that was manufactured as a prototype is the fuel pump – 
module. This will be used for testing in both situations: with and without slosh noise 
baffle, to better compare the behavior of the fuel inside the tank. To manufacture 
this, a FDM method was used (Fused Deposition Modelling), (fig.3 – 6).  
The paper as the objective to present the results and behavior of using a slosh noise 
baffle solution in a fuel tank. The Fuel Pump Module is considered only as a generic 
part in the simulation, only its geometry being the influence in this experimental 
study present. The geometry of the Generic Fuel delivery part is based on the 
benchmark studies performed by the authors [1], [2].  

  
Fig. 3. Fuel pump module – lower body Fig. 4. Fuel pump columns 

  
Fig. 5. Fixation of the column on the module Fig. 6. Complete fuel pump module 

 
Using the same method as for the fuel pump module, the “Link baffle” solution was 
manufactured. Every component was 3D printed separately and assembled together 
using steel pins and cables as per design. All components were printed using a 3D 
Kreator printer at FIIR Faculty - 3D Printing Laboratory.  
 
2.2. Testing the prototype  
Currently, there is no official standard linked to slosh noise phenomena evaluation 
or method of testing.  So, it is up to the developer to create methods to control 
efficiency of a device designed to reduce slosh noise.   
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The acoustic test was performed by mounting the prototype fuel tank into a 
passenger car. The vehicle is a B class automobile, with Start & Stop engine option 
in order to better record during the testing the decibel level inside the fuel tank at 
breaking point.  
A support is assembled over the tank to fix the decibel measuring unit. This will 
help to eliminate any other influence factor over the measuring distance, position 
and stability during recording.   
Two types of testing scenarios are put in place: 

- the first scenario uses a tank with no baffle included; 
- the second scenario use a tank with a wave breaking baffle solution. 

For both cases there is registered the decibel level at vehicle breaking point. Decibel 
level is measured using BOSCH iNVH ver. 1.1. application. The analysis is based 
also on other parameters displayed in the below table. 

     Table 1. 
Input Data 

Simulation Nr. Baffle type Liquid volume [l] Speed before braking [km/h] 
S1 No baffle 15 10 
S2 No baffle 15 30 
S3 No baffle 25 10 
S4 No baffle 25 30 
S5 No baffle 35 10 
S6 No baffle 35 30 
S7 No baffle 45 10 
S8 No baffle 45 30 
Z1 Link Baffle  15 10 
Z2 Link Baffle 15 30 
Z3 Link Baffle 25 10 
Z4 Link Baffle 25 30 
Z5 Link Baffle 35 10 
Z6 Link Baffle 35 30 
Z7 Link Baffle 45 10 
Z8 Link Baffle 45 30 

 
The detailed testing method is described in the flow below that will be respected on 
both sets of tests, the only variables will remain the one in previous table.  
Real test conditions as followed: 

- Test Bench is located in a closed space that assures distance to accelerate to 
30km/h and break to stop – 120m test track situated in a closed warehouse.  
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- Simulations are executed as flow in figure 7. to keep the variation of data 
recorded as low as possible. 

- Simulations are executed respecting parameters in Table 1. 
- Data is recorded by the Bosch iNVH application and saved for each simulation. 

 
Fig. 7.  Test method flow 

For the first simulation, the fuel tank in filled in with 15 L of liquid, with pump 
module inserted and no baffle inside. In the graphic bellow it can be observed the 
decibel level of the liquid at breaking point after running the car with 10km/h. 
Inside the red circle was identified the noise produced by the liquid waves inside 
the fuel tank after engine stop. 

 
Graphic 1: Test S1 10 Km/h 15L 

 
Also, on the other test, variation of the decibel level was recorded after increasing 
speed of the vehicle and quantity of the liquid.  
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Graphic 2: Decibel level (Y) – no baffle test 

Some recordings were influenced by failure of the Start Stop engine, so the data 
will be identified and separated from the analysis – orange oval in the graphic 
represent failure and red oval will represent data to be tested.  
Second simulation set requires introduction of the “Link Baffle” inside the tank. It 
can be seen in the picture below the simple process of assembly. 
Second simulation is done according to parameters in table 1. Results can be seen 
in Graphic 3 with a clear difference of variation compared with previous simulation 
even if the waves still exist.  

 
Graphic 3: Test Z1 10 Km/h 15L 

The same behavior is still observed after rising speed before braking and quantity 
of liquid. 

25

45

65

85

1 44 87 13
0

17
3

21
6

25
9

30
2

34
5

38
8

43
1

47
4

51
7

56
0

60
3

64
6

68
9

73
2

77
5

81
8

86
1

90
4

94
7

99
0

10
33

10
76

11
19

11
62

12
05

12
48

Test S7 10km/h 45l

25

45

65

85

1 61 12
1

18
1

24
1

30
1

36
1

42
1

48
1

54
1

60
1

66
1

72
1

78
1

84
1

90
1

96
1

10
21

10
81

11
41

12
01

12
61

13
21

13
81

14
41

15
01

15
61

16
21

16
81

17
41

Test S8 30km/h 45l 

25303540
455055
60657075

1 42 83 12
4

16
5

20
6

24
7

28
8

32
9

37
0

41
1

45
2

49
3

53
4

57
5

61
6

65
7

69
8

73
9

78
0

82
1

86
2

90
3

94
4

98
5

10
26

10
67

11
08

11
49

N
O

IS
E 

LE
VE

L [
DB

]

TIME [S]

Test Z1 10km/h 15l



110       Oana-Maria Manta (Balas), R. Balas, Mihaela-Elena Ulmeanu, R. Murzac, C. Doicin 

 

 

 

25
30
35
40
45
50
55
60
65
70
75
80

1 18 35 52 69 86 10
3

12
0

13
7

15
4

17
1

18
8

20
5

22
2

23
9

25
6

27
3

29
0

30
7

32
4

34
1

35
8

37
5

39
2

40
9

42
6

44
3

46
0

47
7

49
4

51
1

Test Z2 30km/h 15l

2530354045505560657075

1 38 75 11
2

14
9

18
6

22
3

26
0

29
7

33
4

37
1

40
8

44
5

48
2

51
9

55
6

59
3

63
0

66
7

70
4

74
1

77
8

81
5

85
2

88
9

92
6

96
3

10
00

10
37

10
74

11
11

Test Z3 10km/h 25l

253035404550556065707580

1 28 55 82 10
9

13
6

16
3

19
0

21
7

24
4

27
1

29
8

32
5

35
2

37
9

40
6

43
3

46
0

48
7

51
4

54
1

56
8

59
5

62
2

64
9

67
6

70
3

73
0

75
7

78
4

81
1

Test Z4 30km/h 25l

25

45

65

85

1 30 59 88 11
7

14
6

17
5

20
4

23
3

26
2

29
1

32
0

34
9

37
8

40
7

43
6

46
5

49
4

52
3

55
2

58
1

61
0

63
9

66
8

69
7

72
6

75
5

78
4

81
3

84
2

87
1

Test Z5 10km/h 35l



Construction and testing of the wave breaking prototype – slosh noise baffle            111 

 
Graphic 4: Test Z6 30 Km/h 15L 

2.3. Data interpretation 
 

In the end, all tests were analyzed, in order to detail the decibel level variation for 
each case, several conclusions were made: 

• Variation between 42-45 decibels in the moment of braking – influenced by 
waves and different external factors 

• Variation between 32-45 decibels between stop engine and no other external 
factors, only waves movement 

• Variation between 30-31 decibels represents engine stop and no waves  
To determine the influence of slosh noise baffle influence in decibel level data from 
32-45 decibel level will be further analyzed and compared between the two 
scenarios sets of data.  

 
2.3.1. Acoustic analysis for slosh noise effect without baffle inserted 

From initial set of data, 20 recordings were separated and analyzed. The results can 
be seen in Graph 5. 

 
Graphic 5 Overview of 20 recordings 
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Data filter took in consideration usage of all parameters in Table 2 in order to 
distribute test negative/positive results on all cases. The result is analyzed from 
variation standard deviation and Mean values in order to determine worst case. For 
further analysis we will consider test S2, S19, S12, S6 and S7. Worst case result is 
highlighted in below table and graphic. Also, with no baffle inside the tank we can 
observe that the decibel level is high in all cases regarding liquid quantity and speed.  

 

 

 Graphic 6. Most representative curves – noise level with no baffle 

 
2.3.2. Acoustic analysis for slosh noise effect with baffle inserted 
 
Analyzed data is presented in Graph 7. It can be seen that the curves have less 
variation and also a more uniform level of decibels, clearly an impact of the baffle 
to the slosh noise effect. 
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   Table 2 
 Overview of test results S1-S20 

Test S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 
Standard 
deviation 4.67 5.02 4.43 3.99 3.70 4.25 3.24 3.88 4.30 4.21 

Mean Value [dB] 32.91 34.76 33.38 32.99 33.13 33.78 34.44 33.50 33.50 33.42 

Test S11 S12 S13 S14 S15 S16 S17 S18 S19 S20 

Standard 
deviation 3.20 4.26 2.41 4.52 3.87 3.45 3.84 3.99 5.19 4.36 

Mean Value [dB] 32.48 34.43 34.12 33.75 32.35 33.13 34.02 34.19 34.19 32.69 
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Graphic 7 – Decibel level inside fuel tank with baffle 

 
Making the same centralization as previous case, we can see that the average values 
are decreasing and also the standard deviation has much smaller values. Still, we 
need to consider the worst case, looking at the data we can see that the baffle has 
an impact in noise level when used with more liquid quantity in the fuel tank. In 
this case the “worst case” represents low speed with higher quantity of fuel, test Z6, 
Z7, Z8, Z10, Z12 are considered for further analysis. 
 

 
 Overview test results Z1-Z15 with link baffle 

  Table 3 
 

Test Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8 
Standard deviation 1.45 2.50 2.35 2.84 2.85 2.79 3.37 3.84 
Mean Value [dB] 31.11 30.96 30.73 31.38 31.44 31.97 32.06 32.05 
Test Z9 Z10 Z11 Z12 Z13 Z14 Z15  

Standard deviation 2.79 3.37 2.51 2.57 2.37 2.63 1.56  

Mean Value [dB] 31.97 32.06 31.32 32.12 31.61 31.69 31.49  
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Graphic 8 Most representative curves – noise level with link baffle inside the tank 

 
2.3.3. Acoustic analyze – effect of baffle introduction inside a fuel tank 
 
Making the same centralization as in the previous case, we can see that the average 
values are decreasing. 
 

 
Graphic 9 Comparison between with / without baffle noise results 
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In the radar graphic it is showed in a simple graphical way that all the tests start 
from the same decibel level and that the baffle test (blue) in comparison with no 
baffle test (red) has a better behavior regarding noise, noise variation and also the 
time to reach lower values of decibels. Use of “Link Baffle” doesn’t permit the 
liquid wave to grow in amplitude inside the tank in the moment the antivehicle is 
stopped.  

Table 4. 
Statistical analysis for the 5 most representative test results 

Test S2 S6 S7 S12 S19 Z6 Z7 Z8 Z10 Z12 
Speed  
[Km / h] 10 10 10 10 30 10 10 10 10 30 

Liquid  
quantity [L] 15 15 25 45 35 35 35 35 35 15 

Standard 
deviation 5.02 4.25 3.24 4.26 5.19 2.79 3.37 3.84 3.37 2.57 

Mean 34.76 33.78 34.44 34.43 34.19 31.97 32.06 32.05 32.06 32.12 

 
3. Conclusions 

Several interesting aspects are concluded with this study by centralizing the data 
from the 5 worst case test results from each trial.  

- Link baffle reduces the noise decibel level created by the liquid wave around 
65%.  

- If no baffle is used, the highest decibel level is recorded in test with 10km/h 
and 15l (34.7 dB). 

- Using Link baffle, the decibel level is significant decreased for test with 
10km/h and 15l liquid in tank – (31.1 dB). 

By introducing the Baffle in the fuel tank, shows a reduction of the decibel level, 
considered as reducing the Slosh Noise Phenomena, that represents the noise 
produced by waves inside a tank. Study is required to present the reduction of the 
wave amplitude in a fuel tank that can also present multiple future applications of 
the study [13]. Also, the study presents opportunity for future study  regards relative 
equilibrium of a liquid in a tank. 

 
R E F E R E N C E S 

[1]. O.M.Manta (BALAS), R. Balas, CV Doicin,, Research and constructive solutions on the 
reduction of slosh noise, 20th Innovative Manufacturing Engineering and Energy Conference 
– ImanEE 2016), IOP Conference Series: Materials Science and Engineering,  Volume 161,  
Number 1, 2016, doi:10.1088/1757-899X/161/1/012003; 

[2]. O.M.Manta (BALAS), R. Balas, CV Doicin, Study regarding the influence of the fuel tank 
constructive characteristics on slosh-noise effect, International Conference on Advanced 
Manufacturing Technologies, 2015, Bucharest , ISSN: 1662-7482, Vol. 834, pp 22-27, 
Applied Mechanics and Materials , published by Trans Tech Publications Inc, Switzerland; 



116       Oana-Maria Manta (Balas), R. Balas, Mihaela-Elena Ulmeanu, R. Murzac, C. Doicin 

[3]. MatWEB – Material Propriety Data, 
www.matweb.com/search/datasheettext.aspx?matguid=7558e434f7974c20b3128f8e845ff8e 
8, accessed on 04.03.2017 

[4]. Prospector Materials & Ingredients Search Engine 
https://plastics.ulprospector.com/datasheet/e216200/akromid-b3-gf-30-1-l-black-4365, 
accessed on 20.02.2017 

[5]. Omnexus by Specialchem , The Universal Selection Source: Plastics & Elastomers 
http://omnexus.specialchem.com/selection-guide/polyamide-6/applications, accessed on 
06.12.2016  

[6]. Material Data Center                 
http://www.materialdatacenter.com/ms/en/Akromid%20B/Akro-
Plastic+GmbH/AKROMID%C2%AE+B3+GF+30+1+L+schwarz+(4365)/d773c082/5511, 
accessed on 23.09.2016   

[7]. Importatori si dezvoltatori: Polipropilena (PP) – material cu numeroase intrebuintari                 
importdistributie.wordpress.com/2013/04/23/polipropilena-pp-material-cu-numeroase-
intrebuintari/, accessed on 16.02.2017 

[8]. Learn Engineering                                                           
www.learnengineering.org/2012/12/what-is-von-mises-stress.html, accessed on 11.02.2017 

[9]. R. D. Blevins, Formulas for Dynamics, Acoustics and Vibration, chapter 6 - Acoustics and Fluids 
- 6.5. Free Surface Waves and Liquid Sloshing, LAVOISIER S.A.S., 2015 
https://www.lavoisier.fr/livre/physique/formulas-for-dynamics-acoustics-and-
vibration/blevins/descriptif_3142573 

[10]. M. del Mar Diaz del Pino, J. Sznurowski, Design of a fuel tank in Volvo front loader L120 – 
effects of the baffles on reducing liquid sloshing – master thesis in Mechanical Engineering, 
Faculty of Technology, Linnaeus University, Sweden, 2014                          
https://www.diva-portal.org/smash/get/diva2:733213/FULLTEXT01.pdf, accessed on  
08.02.2017                                                     

[11]. ANSYS Mechanical, ANSYS Mechanical Structural Nonlinearities  Rate Independent 
Plasticity Lecture 5 Customer Training Material, 2010 
http://inside.mines.edu/~apetrell/ENME442/Labs/1301_ENME442_lab7.pdf, accessed on 
23.11.2016                                                      

[12]. ANSYS Mechanical APDL Material Reference  Release 15.0 - © SAS IP, Inc. 
http://148.204.81.206/Ansys/150/APDL%20Material%20Reference.pdf, accessed on  
03.01.2017  

[13]. O.M.Manta (Balas), Doctoral thesis – “Research on development of slosh noise baffles for 
automotive fuel tanks “ , University Politehnica of Bucharest, Romania, 2021 

http://www.matweb.com/search/datasheettext.aspx?matguid=7558e434f7974c20b3128f8e845ff8e%208
http://www.matweb.com/search/datasheettext.aspx?matguid=7558e434f7974c20b3128f8e845ff8e%208
https://plastics.ulprospector.com/datasheet/e216200/akromid-b3-gf-30-1-l-black-4365
http://omnexus.specialchem.com/selection-guide/polyamide-6/applications
http://www.materialdatacenter.com/ms/en/Akromid%20B/Akro-Plastic+GmbH/AKROMID%C2%AE+B3+GF+30+1+L+schwarz+(4365)/d773c082/5511
http://www.materialdatacenter.com/ms/en/Akromid%20B/Akro-Plastic+GmbH/AKROMID%C2%AE+B3+GF+30+1+L+schwarz+(4365)/d773c082/5511
http://www.learnengineering.org/2012/12/what-is-von-mises-stress.html
https://www.lavoisier.fr/livre/physique/formulas-for-dynamics-acoustics-and-vibration/blevins/descriptif_3142573
https://www.lavoisier.fr/livre/physique/formulas-for-dynamics-acoustics-and-vibration/blevins/descriptif_3142573
https://www.diva-portal.org/smash/get/diva2:733213/FULLTEXT01.pdf
http://inside.mines.edu/%7Eapetrell/ENME442/Labs/1301_ENME442_lab7.pdf
http://148.204.81.206/Ansys/150/APDL%20Material%20Reference.pdf

