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Abstract: Layer-by-layer buildup of material is utilized in the process known as additive manufacturing (AM) to produce 

prototypes or end products. Fused deposition modelling (FDM) is one of the most commonly used AM processes. For FDM, 

the extruder’s nozzle plays a significant role as it is responsible for creating the build of material layer by layer. The quality 

and consistency of the extruded material are linked to how the material flows inside the extruder’s liquefier. Any 

modifications to the nozzle design directly influence the flow behaviour of the material and the final 3D printed part. The 

geometry of the nozzle affects the distribution of the material’s temperature, extrusion velocity, and pressure. In addition, the 

nozzle geometry also has an impact on the surface quality and texture of the printed material.  
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1. Introduction to 3D Printing and Fused 
Deposition Modelling 

Fused deposition modelling is categorized as among the 

highly used and common forms in the additive 

manufacturing process. The layer-by-layer process takes 

place through the polymeric filament’s extrusion in order to 

produce products using FDM [1]. Throughout this process, 

the slicer software will be used to slice the 3D CAD model, 

and the model will be transferred to a printer explicitly used 

for FDM-3D printing. A solid polymer filament will be 

consumed by rollers, where it will go directly into the 

extruder liquefier. Then, a thermal block will heat up the 

filament and turn it into a semi-molten polymer. The 

polymer will be extruded using a nozzle by applying X and Y 

directions, and a heated bed will be used to deposit the 

polymer to complete the final process of the printing 

procedure [2][3]. 

2. Material used in 3D Printing 

FDM-made parts are beneficial and practical for 

conceptual product designs and pattern moulding 

purposes in various applications such as the medical, 

automotive, and aerospace sectors [4][5][6]. Furthermore, 

throughout the modelling process, polylactic acid (PLA), 

polycarbonate (PC), polycaprolactone (PCL), and 

acrylonitrile-butadiene-styrene (ABS) [7] are among 
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polymeric materials used for component fabrication 

purposes. Recently, an increase in material development 

has seen more possibility of a variety of materials to be 

utilized as a filament. Nanocomposites, ceramics, 

biopolymers, and metal composites are among the most 

recent materials that are available for the FDM process 

[8][9][10]. 

3. Drawback of FDM 

The FDM-3D printer has successfully transformed how the 

industry creates 3D objects, yet there are still various issues 

that need to be addressed for this technology. The products’ 

quality is still debatable and requires improvements for the 

development in the creation of high-quality completed parts. 

Although this technique can print intricate shapes, FDM has 

the disadvantage of providing poor surface finishes. The 

surface roughness of the FDM prototype part is still rough 

in comparison to other methods, such as selective laser 

sintering and selective laser melting. In addition, 

inconsistent precision throughout the printing process 

frequently results in erroneous product dimensions [11]. 

The geometry of the nozzle, such as the channel length, 

influences the pressure drop and velocity of the molten 

material.  The amount of force necessary to push the 

filament is directly influenced by the pressure drop along 

the melt flow channel and affects the quality of the printed 

part [12].  

4. Nozzle Geometry Design  

Recent commercial FDM 3D printers generally use a 

plunger-type nozzle system. A general cross-sectional view 

of the specified nozzle can be seen in Figure 1. Important 

design features of the nozzle that have a significant effect 

during the material extrusion process at the nozzle are the 

die angle, diameter, and liquefier length [13]. Any changes 

to the parameters of this nozzle affect the pressure drop, 

temperature, and velocity of the molten material, which 

ultimately leads to quality issues for the printed part. 

Figure 1: Cross-sectional view of FDM nozzle 

5. Effect of Nozzle Die Angle in Extrusion 
Process 

Ramanath et al. [14] discussed the analysis of the extrusion 

process by using polycaprolactone (PCL) via finite element 

method (FEM) and analytical simulation. In the study, they 

highlighted the significant correlation between nozzle die 

angle and the pressure drop that occurs together with the 

melt flow channel. The study focused on understanding the 

behaviour of the molten polymer flow and also the effects 

of amending nozzle geometry. It was concluded that if the 

nozzle angle changed from 20 to 60, there will be a 

progressive decrease in pressure drop could be observed 

[14]. Another study used the finite element analysis (FEA) 

approach to observe the pressure drop of molten 

polymethylmethacrylate (PMMA) along the liquefier as the 

nozzle die angle was increased from 80 to 170. It was 

noted that increasing the nozzle die angle affects the 

pressure drops along the liquefier, which led to reduced 

accuracy in the printed part. The FEA results also suggested 

that a nozzle die angle of 130 was ideal for the extrusion of 

PMMA material [15]. When employing full feedstocks, 

flow instability and vortices that may develop in the corner 

of the die may cause the pressure drop to rise over the 

system’s natural convergence angle. This can also result in 

nozzle blockage. An upper limit for nozzle angle designs 

has been proposed as the angle of natural convergence 

[16][17][18][19]. Figure 2 shows a sketch of the convergent 

flow at the die entrance. 

Figure 2: Natural convergent angle 

6. Effect of Nozzle Diameter in Extrusion 
Process 
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The extruded melted material between two layers with a 

larger nozzle diameter will result in a rougher surface. 

Adjusting the size of the diameter is crucial to optimise the 

printed parts. Results on pressure drop based on the 

analytical model and predicted FEA analyses are in 

agreement and reveal an increase in pressure drop with 

decreasing nozzle diameter or rising feed velocity [14][20]. 

Sukindar et al. [21] did the optimization study on nozzle 

diameter for a higher-quality, more accurate result of 

printed parts. The study showed that the pressure along the 

heating block was influenced by the size of the nozzle 

diameter. By switching the nozzle diameter from 0.2 mm to 

0.4 mm, it shows that the pressure drop over the liquefier or 

heating block decreased [14]. A study conducted by 

Agrawal [22] suggested that 0.3 mm is the optimal size for 

the nozzle diameter. This facilitates the creation of scaffolds 

with precise geometry and appropriate orientation.  

7. Effect of Liquefier Length in Extrusion 
Process 

The adjusted filament velocity in the commercial melt 

extrusion FDM systems shows a noticeable increase in 

linearity with the distance, which can be observed from the 

entry to the melt front [23]. The finding suggests that the 

adjustment of the filament velocity and heat flux must be 

performed to provide certain values in order to maintain the 

melt front in the middle of the liquefier length. However, 

there is a complexity in using thermally insulating materials 

through the FDM extrusion method since the melt front 

distance is inversely correlated to the thermal diffusivity of 

the material [24]. 

8. Conclusion and Future Works 

The nozzle is a very important component of a 3D printer 

because it is the last area that the filament passes through 

before it is extruded onto the printing bed. It is in this 

nozzle that physical and mechanical properties undergo 

changes. The final result of the printed parts has been 

proven that it is also influenced by the geometry of the 

nozzle based on the review that has been discussed. Among 

the geometries emphasized in this review are the nozzle 

angle, nozzle diameter, and liquefier length. Changes in 

these design parameters affect the material’s flow behaviour 

throughout the extrusion process, which ultimately affects 

the print quality. The liquefier’s pressure drop is almost 

entirely concentrated around the nozzle, and it is strongly 

influenced by the nozzle angle and diameter. Meanwhile, 

the length of the liquefier relates to the molten filament 

velocity within the chamber. Based on the review made, it 

can also be observed that studies conducted on different 

materials share similar findings in terms of the pressure 

drop when the nozzle diameter, die angle and liquefier 

length are varied. For future work, the study can be done by 

using the optimal value for the nozzle geometry that has 

been suggested by any of the authors in their research 

papers to identify its influence on different types of filament 

materials. With the implementation of this proposal, the 

types of materials suitable to be used for a range of nozzle 

geometry can be identified. 
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