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Computational fluid dynamics analysis is the science which determines the solution of 
governing equations of fluid flow. One dimensional fully developed laminar viscous flow 
with Reynolds no Re < 5 is considered for study. The study deals the computational 
analysis of melt flow behaviour of feed wire and flow rate of extruded Poly lactic acid 
(PLA) feed wire. In it the effect of nozzle geometrical parameter, nozzle angle and exit 
diameter effect on pressure drop across the nozzle and its effect on melt flow behaviour 
studied. The nozzle angle varies from 300 to 1200 and exit diameter from 0.2 mm to 0.4 
mm for 3 mm PLA feed wire. The computational results shows that continuous feeding of 
feed wire and proper melt flow behaviour are achieved at optimum nozzle geometry 
parameter nozzle angle 1200 and exit diameter 0.2 mm. 
 
 

 

  
 

 
 

 
 
 
 
 
 
 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 
 

 
 
 

  
 
 
 

INTRODUCTION  
 

Fused deposition modelling means “modelling by application 
of melted material” FDM is based on extrusion processes, this 
technology was developed by Stratasys Inc Eden Prairie, 
Minnesota, USA in the year 1989 and it was commercialized in 
year 1990 [Gebhardt, A. 2003, Gibson et.al. 2014, Arenas et.al. 
2012 and Utela et.al. 2008]. The Stratasys was established in 
1988 and is therefore one of the oldest producers of 
prototypers. The Stratasys FDM prototype melts the raw 
material (wire shaped) through a heated nozzle and then applies 
the melted substances on the model [Mahindru et.al. 2013 and 
Lee et.al 2007]. In fused deposition modelling machine the 
deposition of material takes place layer by layer and this 
process repeat until the part completion takes place [Hussein 
et.al. 2013, Islam et.al. 2013, and Levy et.al. 2003].             
The computational fluid dynamic analysis on the melting 
nozzle was done here to find the optimum working condition 
for different diameter sized nozzles and the process step are 
also explained. 
 

METHODOLOGY 
 

To predict the physical phenomenon of feed wire, melt flow 
behaviour Computational fluid dynamics tool is used, which 
based on the physical law of nature. The CFD analysis involves 
the following steps to solve the problem  
 

1. Geometry Preparation using ICEM CFD 14.5  
2. Meshing & its refinement 
3. Scaling 
4. Select- Solver-Pressure Based 
5. Select user define to define the material physical, 

chemical and thermal properties 
6. Define boundary condition 
7. Solution Initialization-from inlet 
8. Run Calculation and generate case and data file for 

tech plot software 
9.  Plot the graphs using Tech-plot software 

 

The geometrical specifications of the feed nozzle on which the 
whole study was done is shown here and Table 1 represents the 
geometrical specifications of feed wire filaments 
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[Sugavaneswaran et.al. 2014, Nimawat et.al. 2012, Ollison 
et.al. 2010, Laeng et.al. 2000, Vijay et.al. 2011, Pandey et.al. 
2010, and Daneshmand et.al. 2006] with different nozzle 
angles.   

 

 
 
 
 
 

The Two dimensional diagrams of filaments with different 
nozzle angles are represented below from figure 1 to 9. Figure 
10 represents the meshing procedures which is same for all the 
feed wire filaments geometries. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The meshing of geometry is done by using ICEM14.5 software. 
The figure 10 shows the filament meshing before applying the 
boundary condition, the meshing of geometry is an important 
and it affect to result.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

So mesh refinement and selection of mesh element is an 
important aspect in CFD analysis. Here in this study a hexa 
dominant mesh element is selected for meshing. 
 

The Table 2 represents material PLA feed wire physical, 
thermal and chemical properties [Karunakaran et.al. 2000, 
Huang et.al. 2013, Sharma et.al. 2008, Lee et.al. 2007, Xiao 
et.al. 2012, Garlotta, D. 2001, Wittbrodt et.al. 2015, Hamad 
et.al. 2011 and Gajdos et.al. 2013]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Filament geometrical specifications with respect to nozzle angles 
 

Sr. No 
Filament geometrical specifications with respect to nozzle 

Unit 
Height 1 2 3 4 5 6 7 8 9 10 11 12 

i 
Cylindrical Section  

height h1 
20.15 19.96 19.77 22.75 22.66 22.57 23.7 23.65 23.6 24.5 24.22 24.19 mm 

ii Taper Section height h2 4.85 5.04 5.23 2.25 2.34 2.43 1.3 1.35 1.4 0.75 0.779 0.81 mm 
iii Nozzle Angle 30 30 30 60 60 60 90 90 90 120 120 120 degree 
iv Exit diameter 0.4 0.3 0.2 0.4 0.3 0.2 0.4 0.3 0.2 0.4 0.3 0.2 mm 

 

 
Figure 1, 2, 3 Filaments geometry with nozzle angle 300 and exit 

diameter are 0.4 mm, 0.3mm and 0.2 mm respectively 

 
 

Figures 4, 5, 6 Filaments geometry with nozzle angle 600and exit 
diameter are 0.4mm, 0.3mm and 0.2mm respectively 

 

 
Figures 7, 8, 9 Filaments geometry with nozzle angle 900 and exit 

diameter are 0.4mm, 0.3mm and 0.2 mm respectively 
 

 
 

Figure 10 Filament mesh geometry with nozzle angle 300 and exit 

diameter 0.4 mm 

 

Table 2 Poly-lactic acid material Properties 
 

PLA Material Properties 
1. Viscosity range 0.265-0.467 mPa-s 
2. Density range 1.25 gm/cm3 
3. Conductivity (Thermal) 0.13 W/m0k 
4. Diffusivity (Thermal) 0.056 m2/sec 
5. Specific heat 1800 J/kg0K 
6. Feeding rate 2.247-2.67 m/sec 
7. Yield tensile strength 53 (MPa) 
8. % Yield elongation 11-100 % 
9. Flexural modulus 355–445 (MPa) 
10. Melting point 115–175 (°C) 
11. Glass transition temperature 54–56 (°C) 
12. Shear Modules 2.4 GPa 

 

Table 3 Common boundary condition for all filaments 
 

Sr. No Boundary Conditions Value Unit 
1. Inlet velocity 0.00000399 m/s 
2. Inlet temperature 300 0K 

3. 
Temperature of surface 

(with circular and tapered section) 
523 0K 

4. Back flow temperature 300 0K 
5. Gauge pressure at inlet and out let 0 Pa 
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Figure 11 shows the ittration processees acccoding to user 
defined boudary conditions. The ittration  shows the 
convergence or residual of data. The convergence of data 
shows that  the specified bounadry condition on geometry are 
right or wrong. If graphs moves in upward or intersect to each 
other then  display window shows after completion of ittrations 
process data is not coveged. So to converge the data the 
boundary condition have to specified again or it required some 
corrective action [Qiu et.al. 2015, Mostafa et.al. 2009, 
Bergman et.al. 2011, Mohamed et.al. 2015 and Mireles et.al. 
2012]. The convegence of data depends primarly on geometry, 
type of mesh, mesh size and its refinement level as well as 
specified boundary conditions [Zhou et.al. 2004, Lee et.al. 
2005 and Onuh et.al. 1999]. 
 

In computational analysis the solution of problem depends on 
convergence criteria, the convergence of data have an 
important role on solution so it must be converged properly 
[Pekarovicova et.al. 2006, Allen et.al. 2000, Maleksaeedi et.al. 
2013 and Agrawal et.al. 2104]. The graph in figure 11 trends 
decides the data has been converged or not. If the residuals 
decreasing stops or when the flow field and scalar fields are no 
longer changing then one can say that the solution is 
converged. Here in CFD analysis the solution is monitored by 
graph trends. 
 

RESULTS AND DISCUSSION 
 

The figure 12, 13, 14 represents pressure drop variation at 300 

nozzle angle by varying exit diameter of nozzle from 0.4 mm to 

0.2 mm. The figure 12, 13, 14 shows that as the exit diameter 

reduces at this angle the pressure drop increases which offer 

resistance against flow of feed wire. Due to increases in 

backward resistance the extrusion of feed wire interrupt and 

melt flow of feed wire discontinuous. So to rectify 

discontinuity in melt flow situation parameters have to control 

one is taper angle and second one is exit diameter. Here figure 

15, 16, 17 represents the extrusion of PLA at nozzle angle 600 

with exit diameter 0.4 mm, 0.3 mm, 0.2 mm respectively and 

figure 18, 19, 20 also represents the extrusion of PLA at 900 

nozzle angle by varying exit diameter 0.4 mm, 0.3 mm, and 0.2 

mm respectively. Similarly figure 21, 22, 23 represents the 

extrusion of PLA in liquid form at nozzle angle 1200 by 

varying exit diameter from 0.4 mm, 0.3 mm, 0.2 mm 

respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure 11 Convergence of solution with nozzle angle 300 and exit diameter 
0.4mm 

 

 
 

Figure 12 Pressure drop variation over the nozzle length 2D view with 
nozzle angle 300 and exit diameter 0.4 mm 

 

 
 

Figure 13 Pressure drop variation over the nozzle length 2D view with 
nozzle angle 300 and exit diameter 0.3 mm 

 

 
 

Figure 14 Pressure drop variation over the nozzle length 2D view with 
nozzle angle 300 and exit diameter 0.2 mm 

 

 
 

Figure 15 Pressure drop variation over the nozzle length 2D view with 
nozzle angle 600 and exit diameter 0.4mm 
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Figure 16 Pressure drop variation over the nozzle length 2D view with 
nozzle angle 600 and exit diameter 0.3 mm 

 

 
 

Figure 17 Pressure drop variation over the nozzle length 2D view with 
nozzle angle 600 and exit diameter 0.2 mm 

 

 
 

Figure 18 Pressure drop variation over the nozzle length 2D view with 
nozzle angle 900 and exit diameter 0.4 mm 

 

 
 

Figure 19 Pressure drop variation over the nozzle length 2D view with 
nozzle angle 900 and exit diameter 0.3 mm 

 

 
 

Figure 20 Pressure drop variation over the nozzle length 2D view with 
nozzle angle 900 and exit diameter 0.2 mm 

 

 
 

Figure 21 Pressure drop variation over the nozzle length 2D view with 
nozzle angle 1200 and exit diameter 0.4mm 

 

 
 

Figure 22 Pressure drop variation over the nozzle length 2D view with 
nozzle angle 1200 and exit diameter 0.3 mm 

 

 
 

Figure 23 Pressure drop variation over the nozzle length 2D view with 
nozzle angle 1200 and exit diameter 0.2 mm 
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Figure 24, 25, 26 represents the graphical representations of 
pressure drop variations according to specified geometry of 
nozzle.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Here in all figure the trends of graphs shows that as the end 
specified nozzle angle varying nozzle exit diameter from 
0.2mm to 0.4 mm. the pressure drop highest level achieved at 
0.2 mm exit diameter.  

 

When compare figure 24, 25, 26, 27 with respect to nozzle 
angle the pressure drop variation at 0.2 mm. the value of 
pressure drop at 1200 is lowest as compared to 300, 600, 900. 
Now optimization of geometry parameter by maintaining melts 
flow and continuous flow material. The optimum parameter is 
1200 and 0.2mm exit diameter. 
 

CONCLUSION 
 

The computational study of feed wire shows the effect of 
nozzle angle and exit diameter on feed wire melt flow 
behaviour and continuously its extrusion through nozzle. The 
results show the effect of nozzle angle variation with 0.2 mm, 
0.3 mm and 0.4 mm exit diameter. Here the nozzle angles are 
consider 300, 600, 900 and 1200 with combination of exit 
diameter 0.2 mm, 0.3 mm and 0.4 mm .The melt flow and its 
extrusion from nozzle becomes smooth as the nozzle angle and 
exit diameter increases. The very fine layer of extruded layer is 
achieved at 0.2 mm exit diameter with 1200 nozzle angle for a 
good quality product which also required resetting of offset for 
maintain layer resolution otherwise at same condition the gaps 
between layer to layer increased. 
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