








Fig. 3 –Wind tunnel in which the 3D models of the PM were simulated in Solidworks 

Results and Discussions 

All specimens were manufactured as planned (designed) by the RP3. This can be observed 
in the cross sections of the L02S50 (Fig. 4) obtained by cutting the 3D geometric model that was 
digitally reconstructed from the X-ray micro tomography. 

Fig.4 - Cross section of the L02S50 

Graphs of the normalized pressure drop (the pressure drop results were divided by the 
specimens' lengths) in terms of the velocity impinged to the experimental and the numerical 
samples, for geometries with a set of 1 or 2 filaments (lines), are displayed in Fig. 5 and Fig. 6, 
respectively. The Darcian permeability values calculated using the Dupuit-Forchheimer equation 
are displayed in Table 2. Graphs for a comparison of the Darcian permeability values obtained 
from numerical simulation and experimental measurement are shown in Fig. 7. 

Table 2 - Darcian permeability values calculated using the Dupuit-Forchheimer equation 
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Darcian Permeability k1 
[10-9 m2] 

Non-Darcian Permeability k2
[10-3 m] 

Squared Correlation 
Coefficient R2

Designed 
PM 

Exp. Num. Exp. Num. Exp. Num. 

L01S00 2.773 3.441 2.117 5.686 0.999975 0.999944 

L01S25 2.610 3.461 2.076 4.474 0.999968 0.999676 

L01S50 2.319 3.445 2.121 4.301 0.999963 0.999936 

L02S00 7.274 7.680 1.291 2.201 0.999996 0.999324 

L02S25 2.245 3.305 1.040 1.107 0.999983 0.998239 

L02S50 1.718 2.651 0.754 0.784 0.999984 0.999182 

Fig. 5 – Graph Velocity vs. Normalized Pressure drop for the experimental measurement and the numerical 
simulation of PM with 1 line in set 

Fig. 6 – Graph Velocity vs. Normalized Pressure drop for the experimental measurement and the numerical 
simulation of PM with 2 lines in set 

 2250

1 Line in Set - Numerical vs Experimental 
1 X 106 ~~-~~-~---~~-~-

e 
-;;; 

800000 

!!::. 600000 
-::! 
E 
:, 

~ 400000 
D.. 
<I 

200000 

L01 S00/L01 S25/L01 S50-Num • • • 

/ __ ;-·· 

0 i.,e:;:'----'--~--~--~~~~~____, 
0.0 0.2 0.4 0.6 0.8 1.0 

Velocity [mis) 

2 Lines in Set - Numerical vs Experimental 
1 X 106 ~~-~~-~~-~~~~~~ 

e 
-;;; 

800 000 

!!::. 600 000 

E 
:, 

~ 400 000 
~ 
<I 

200 000 

o--=--~--~--~--~---....J 
0.0 0.2 0.4 0.6 0.8 1.0 

Velocity [mis) 

-- L01S00-Exp 

-- L01S25-Exp 

-- L01S50-Exp 

L01S00-Num 

L01S25-Num 

L01S50-Num 

-- L02S00-Exp 

-- L02S25-Exp 

-- L02S50-Exp 

L02S00-Num 

L02S25-Num 

L02S50-Num 



 
Fig. 7 - Darcian permeabilities k1 versus the stagger distance for both line sets configuration. 

 
In the configurations with 1 filament in the set (L01S00, L01S25, and L01S50), the pressure 

drop curves presented little variation for both the experimental and numerical simulations (Fig. 5). 
The statistics "student’s t-tests" combining the 3 simulation results (with a confidence level of 
99.5%) do not reject the probability that the values represent the same behavior of the interaction 
Velocity vs. Pressure drop. Although the numerical results for staggering shown in Fig. 7 (set of 1 
filament) indicates a quite similar permeability as the stagger distance increases, the experimental 
measurements demonstrated a decrease in permeability. 

In Fig. 6 and Fig. 7, one observes that for the PM with 2 joined filaments (lines) in the set 
(L02S00, L02S25, and L02S50), both experimental and numerical results pointed to the same 
tendency of decreasing in permeability with the increase of the stagger distance. Fig. 8 shows the 
contrasting streamlines paths in L02S00 and L02S50, which help to explain the change in tortuosity 
of the PM when increasing the stagger distance, and, consequently, the fluid flow restrictions. 

 

 
 

Fig. 8 – Cross section of L02S00 and L02S50 3D models with streamlines representing the pressure gradient 
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It is possible to observe that the permeability results, with the specific airflow conditions 
used, did not follow the same variation pattern. As the stagger distance increases from 0 to 50%, 
the decrease in permeability was more sensitive for the geometries with 2 filaments. In other words, 
these combinations presented a greater effect in the final permeability. Therefore, for a porous 
matrix with constant porosity, the increase in the stagger distance increases tortuosity, thus 
increasing the restriction imposed on the flow (the main hypothesis of this work). In general, a 
wider range in permeability, when varying the filling strategies, is positive because it allows 
accomplishing a wider range of applications. 

Conclusions 

The material extrusion AM with polymeric materials is an alternative to manufacturing PM 
with planned inner architecture and to achieve this better, it is necessary to have a process planning 
software with a high degree of customization of the filling parameters, eliminating the need to 
model the 3D pores.  

In this study, two variants of the raster filling strategies were studied, one changing the 
stagger distance between layers and the other involving a new joined filaments proposal. Six PM 
designs were printed, and their permeabilities were measured experimentally and estimated 
numerically. The results indicate that both filling strategies influence the PM permeability, but the 
influence was more evident when the two parameters were combined (i.e., the number of joined 
filaments with the stagger distance). Especially for the case of 2 lines in set, it was observed that, 
as the stagger distance increases, the PM permeability decreases (i.e., a greater pressure drop), 
indicating that it is more difficult to pass the fluid through it.  
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