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Abstract—Fused Deposition modeling is the prime method of Additive manufacturing process 

used for the polymer manufacturing. As in this process the polymer filament enter in to the heat 

sink through feed filament feed mechanism and reaches to the heat block where it get melts and 

through the nozzle it get extruded and deposited layer by layer in order to build the component. 

In order to extrude the PLA melt, the feed polymer filament in solid form is used as a plunger. In 

order to use Polymer filament as a plunger, it is necessary to remain polymer filament is in solid 

state inside the heat sink. In order to remain feed filament in solid state it is necessary to remain 

the temperature of the heat sink much below the melting temperature of polymer. In order to 

increase the heat transfer rate from the heat sink it is necessary to increase the surface area of 

heat sink. Therefore in order to increase the surface area of heat sink, fins are provided on the 

heat sink. Here in this work thermal behavior of heat sink is analyzed. Here it also contains the 

optimization of heat sink fins profile, in this analysis heat sink having circular, triangular, 

elliptical and rectangular having elliptical perforation fin are analyzed for working material that 

is poly- lactic-acid (PLA). It also finds out the effect of pressure drop inside the liquefier and 

calculates the optimum pressure drop inside the liquefier through analyzing the 27 combinations 

of nozzle angle and nozzle diameter.  

1. Introduction 

The term 3D printing covers a host of processes and technologies that offer a full spectrum of 

capabilities for the production of parts and products in different materials. Essentially, what all of 

the processes and technologies have in common is the manner in which production is carried out 

layer by layer in an additive process which is in contrast to traditional methods of production 

involving subtractive methods or moulding/casting processes. Applications of 3D printing are 

emerging almost by the day, and, as this technology continues to penetrate more widely and 

deeply across industrial, maker and consumer sectors, this is only set to increase. Most reputable 

commentators on this technology sector agree that, as of today, we are only just beginning to see 
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the true potential of 3D printing. 3DPI, a reliable media source for 3D printing, brings you all of 

the latest news, views, process developments and applications as they emerge in this exciting 

field. This overview article aims to provide the 3DPI audience with a reliable backgrounder on 

3D printing in terms of what it is technologies, processes and materials, its history, application 

areas and benefits. 

Kousiatza et.al The present work investigates the integration of fibre Bragg grating (FBG) 

sensors for continuous in-situ and in real-time monitoring of strain fields. Szykiedans et.al a new 

development of the 3-D printers, which has made them freely existing to the public at low costs. 

In order to make 3-D printed parts to be more useful for engineering applications the mechanical 

properties of the printed parts to be known must. Casavola et.al The Fused Deposition Modeling 

(FDM) has become one of the most used techniques to 3D object rapid prototyping. In this 

process, the model is built as a layer-by- layer deposition of a feedstock wire. Jerez-Mesa et.al the 

aim of this paper is to analyses the performance of a RepRap 3D printer liquefier by studying its 

thermal behavior, concentrating on the convective heat dissipation developed beside the liquefier 

body all through the 3D printing process of a workpiece. Yifan Jin et.al Fused deposition 

modeling has become one of the most diffused rapid prototyping techniques, which is widely 

used to fabricate prototypes. On the other hand, further application of this technology is 

rigorously affected by poor surface roughness mainly due to staircase effect.  

2. Material Used 

Thermal properties of the materials (PLA, aluminum and brass) are taken from literature survey 

and used in this analysis. The thermal conductivity of PLA is assumed to be constant as 0.195 

W/m-K [25]. Specific heat capacity for PLA as a function of temperature is determined by Pyda 

et al. [21] based on differential scanning calorimetric and adiabatic calorimetric. The temperature 

and specific heat capacity relationship of PLA are based on the work of Pyda et al. [21] (for a 

molar mass of 72.06 g/mol) and are provided in table 1. It is shown that the specific heat capacity 

of PLA in FDM follows two different approximately linear portions for temperatures above and 

below 332.5 K, which is stated to be the glass transition temperature. Within the model the 

temperature dependent values based on Fig. are used. For temperature below than 332.5 K, the 

specific heat capacity is assumed to be (4.4T + 58) J/Kg-K and for 332.5 K and above, the 

specific heat capacity value is assumed to be (1.05 T + 1668) J/Kg-K 
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Table.1 Showing the value of material properties of PLA 

Thermal Property of  PLA Value 

Specific Heat (1.05 T + 1668) 

Thermal conductivity k 0.19 W/m K 

Solidification Temperature 448 K 

Melting temperature 448 K 

Viscosity Follow Power law 

Density 1250 𝑚3 /𝐾𝑔 

Enthalpy of melting 45000 J/Kg 

 

 Properties for Brass material 

Table 1showing the material properties of Brass 

Thermal property Value 

Thermal conductivity (K) 109 W/m-k 

Specific heat (𝐶𝑝 ) 380 J/kg-k 

Density (𝜌) 9490 kg/𝑚3  

 

 Properties for Aluminum material 

Table 3.Showing the material property of aluminium 

Thermal property Value 

Thermal conductivity (K) 237 W/m-k 

Specific heat (𝐶𝑝 ) 903 J/kg-k 

Density (𝜌) 2702 kg/𝑚3  

 
3. Development of CFD model 

In order to find out the temperature distribution throughout the extruder, it is necessary to 

develop the CFD model of extruder and apply different boundaries measured during the 

experimental analysis perform by different researcher. Here in this analysis first it develops the 

CFD model of extruder and then it optimizes the geometry of heat sink, because the design of 
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heat sink is completely based on the temperature distribution. The temperature at the heat sink 

must remain low as much as possible.  

3.1 Solid model of 3D printer extruder 

The CFD model used can be solved numerically solution using input conditions and applying 

governing conservation of mass, momentum and energy to each specific part of the body. For 

this model, the primary steady-state boundary conditions include a constant inlet velocity applied 

where the ridge PLA filament is fed into the heater barrel assembly, an outlet pressure applied at 

the dispensing orifice of the nozzle, a heat generation body where the heater cartridge is present 

within the heater block and the heat transfer coefficient applied on the external surfaces of the 

component. Since the initial inner diameter of the groove mount and heat barrel are slightly 

larger than the PLA filament diameter, mass flow rate equation is used to adjust the inlet velocity 

of the model to match the filament speed as it enters the system. 

 

Fig.1 Complete solid model of liquefier with PLA space filled 
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3.2 Calculating analytically Heat transfer coefficient 

Convection and radiation within the heat sink, heat block and nozzle is accounted for calculating 

the effective heat transfer coefficient on the exterior surfaces of the components. By using the 

equation for effective heat transfer equation as we mention (i.e𝑕𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 ). 

𝑕𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 =  𝑕𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛 +  𝑕𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛  

The effective heat transfer coefficient is calculated by adding the convective heat transfer 

coefficient and radiation heat transfer. Following values (Table 4.4) at different sections of 

component are applied at the exterior surface of component as a boundary condition within the 

fluid dynamic solver. 

Table 4.Effective Heat Transfer coefficient values at different surfaces of components  

Face location 𝑕𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛 (W/𝑚2𝐾) 𝑕𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 (W/𝑚2𝐾) 𝑕𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒  (W/𝑚2𝐾) 

Heat sink 10.3 3.2 13.5 

Heat block top 20.1 3.3 23.4 

Heat block sides 11.9 3.3 15.2 

Heat block bottom 13.8 3.3 17.1 

Nozzle 19.6 3.2 22.8 

 

3.3 Meshing  

Different meshing approaches used for this model are the insertion of a relevant center, inflation, 

body sizing, and assembly mesh. The simulation is run using three separate mesh to guarantee 

mesh independence. The mesh independence is based on the outlet mass flow average 

temperature and the meshed model is depicted through figure 
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Fig.2Meshing of FDM Liquefier 

3.4 Boundary conditions 

The procedure that is followed during the solution method are shown in fig.4.20 Here pressure 

based solver is used. The pressure-based solvers take momentum and pressure (or pressure 

correction) as the primary variables. Pressure-velocity coupling algorithms are derived by 

reformatting the continuity equation.The pressure-based solver is applicable for a wide range of 

flow regimes from low speed incompressible flow to high-speed compressible flow. The 

pressure-based coupled solver (PBCS) is applicable for most single phase flows, and yields 

superior performance as compared to the pressure-based (segregated) solver  

4. Result 

As the aim of presented simulation is to successfully model all the heat transfer mechanism and 

their effect on the component of the system, the steps are primarily focused on the temperature 

profile of the melt PLA that includes flow inside the liquefier as well as external temperature of 

the heat block, heat sink and nozzle. Figure 4.28 shows an image of the overall temperature 

profile of the entire system. 
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4.1 For extruder having the circular fins 

 

Fig. 3liquefier temperature gradient 

The variation of temperature throughout the PLA polymer from inlet of PLA filament at 

liquefier entrance to the extruded melt at the nozzle exit is shown in figure 4.29.  

 

Fig..4 showing the temperature distribution throughout the extruder of heat sink  

Figure 4.29 shows that the temperature along the outside of the polymer melt also goes on 

changing. The top portion of heat sink has temperature of about 440 K whereas the middle 

section reaches up to more than 445 K. At the end of the nozzle where material is deposited the 

temperature is about 490 K. This variation can serve as an important consideration for modeling  

and simulating the behavior of melting.  
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4.2 For Extruder having triangular fins 

As it has calculated the temperature distribution in the circular heat sink applying the different 

boundary conditions, by applying the same boundary condition it can also find out the 

temperature distribution inside the heat sink having triangular fins at same velocity of air. The 

temperature contour for triangular heat sink is shown in the fig.4.31.  

 

Fig.5 showing the temperature distribution for triangular fins heat sink  

With the help of above analysis it is observed that the temperature of heat sink at the top most 

position is near about 405 K. 

4.3 For extruder having Elliptical fins 

Temperature distribution inside the extruder having elliptical fins is calculated based on the 

boundary condition used during the analysis of extruder having the circular fins.  
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Fig. 6showing the temperature distribution throughout the heat sink having the elliptical fin 

 

Fig. 7showing the section view of extruder having the elliptical fins  

From the above analysis it is observed that the temperature at top of the elliptical fins is near 

about 380 K. 

4.4 Rectangular with elliptical perforation fins.  

Temperature distribution inside the extruder having rectangular with elliptical perforation fins is 

calculated based on the boundary condition measured during experimental analysis is shown in 

the fig. 
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Fig.8 showing the temperature distribution of extruder having the rectangular with elliptical 

perforation fins  

From the above analysis it is observed that temperature at the top of the heat sink is near about 

370 K which is quite under the desirable conditions and it is also less as compared to the other 

design of heat sink. Therefore heat sink having the rectangular with elliptical fins is sho wing the 

optimum temperature required at the top of the heat sink. It also shows the desirable temperature 

variation throughout the liquefier. To melt the PLA filament temperature required at the heat 

block can be increased by increasing the supply to the heat cartridge, through this cartridge it can 

achieve the   desire temperature at the heat block and nozzle. Due to the increased of surface area 

in the rectangular having elliptical perforation rate of heat transfer get increased, due to this low 

temperature raise in heat sink and PLA filament maintained in the solid form.  

 

5. CONCLUSION 

Through CFD analysis it can find the temperature distribution through the extruder which helps 

in design of extruder geometry.Simulating the 3D printer liquefier heat sink havingdifferent 

shaped fins that is circular, triangular, elliptical and rectangular having elliptical perforation. 

From the above result it is found that the rectangular fins having elliptical perforation has least 

temperature distribution. Through different extruder analysis it is finding that the temperature 

distribution inside the extruder is a critical parameter for doing the 3D printing. Surface finishing 

of the 3D printed component depends on the consistency of the extruded material whereas the 

consistency of the extruded material depends on the temperature and pressure drop inside the 

extruder. 
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