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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 paper thermal behavior of heat sink is analyzed. 

Here it also contains the optimization of heat sink fins profile, 

in this analysis heat sink having rectangular annular fin and 

circular annular fin are analyzed for different working 

material that is poly-lactic-acid (PLA), ABS polymer. 

Key words: 3D Printing, Process parameters, Performance 

parameters, Optimization techniques, surface finish, 

Deposition rate 

I. INTRODUCTION 

A. Additive manufacturing through 3D printing: 

Additive Manufacturing refers to a process by which digital 

3D design data is used to build up a component in layers by 

depositing material. The term "3D printing" is increasingly 

used as a synonym for Additive Manufacturing. However, the 

latter is more accurate in that it describes a professional 

production technique which is clearly distinguished from 

conventional methods of material removal. Instead of milling 

a workpiece from solid block, for example, 

AdditiveManufacturing builds up components layer by layer 

using materials which are available in finepowder form 

(/material‐ p). A range of different metals, plastics and 

composite materials may be used. Different types of 3D 

printing additive manufacturing are 

1) Stereolithography: 

Stereolithography is a 3d printing method that can be used to 

implement your projects that involve 3D printing of objects. 

Although this method is the oldest one in history of 3D 

printing it’s still being used nowadays. The idea and 

application of this method are amazing. Whether you are a 

mechanical engineer, who needs to verify if the part can fit to 

your design, or creative person who wants to make a plastic 

prototype of new coming project, Stereolithography can help 

you to turn your models into a real 3D printed object. 

 

This method was patented by Charles Hull, co-

founder of 3D Systems, Inc in 1986. The process of printing 

involves a uniquely designed 3D printing machine called a 

stereolithograph apparatus (SLA), which converts liquid 

plastic into solid 3D objects. Most printing techniques require 

computer aid design (CAD) file to process the object. This 

file contains information about dimensional representation of 

an object. CAD file must be converted into a format that a 

printing machine can understand. There is Standard 

Tessellation Language (STL) format that is commonly used 

for stereolithography, as well as for other additive 

manufacturing processes. The whole process consists of 

consequent printing of layer by layer hence STLfile that 

printing machine uses should have the information for each 

layer. 

2) Digital Light Processing: 

Digital Light Processing is another 3D Printing process very 

similar to stereolithography which is shown in fig.1. The DLP 

technology was created in 1987 by Larry Hornbeck of Texas 

Instruments and became very popular in Projectors 

production. It uses digital micro mirrors laid out on 

a semiconductor chip. The technology is applicable for movie 

projectors, cell phones and 3D printing. 

For 3D printing DLP as well as SLA works with 

photopolymers. But what makes SLA and DLP processes 

unalike is a different source of light. For DLP 3D amateurs 

generally use more conventional sources of lights such as arc 

lamps. The other important piece of process is a liquid crystal 

display panel that is being applied to the whole surface of 

building material during single run of DLP process. The 

material to be used for printing is liquid plastic resin that is 

placed in the transparent resin container. The resin hardens 

quickly when affected by large amount of light.The printing 

speed is pretty impressive. The layer of hardened material can 

be created with such printer in few seconds. When the layer 

is finished, it’s moved up and the next layer is started to be 

worked on 

B. Various Techniques for Optimization of 3d Printing or 

FDM Process Parameters: 

The studies use several optimization techniques they may be 

classical or numerical based and have lead to evolved 

techniques used in modern technical scenario. After going 

through the literature the major optimization techniques and 

tools utilized by the researchers are as follows: Taguchi, S/N, 

ANOVA, Full factorial design, Genetic algorithm approach, 

DOE (design of experiment). 

C. Various Process and Performance Parameters: 

The parameters which play important role in 3D printing or 

FDM are as follows: Slice thickness, build deposition 

orientation, Air gap, raster angle, raster width, build laydown 

pattern, wire-width compensation, extrusion velocity, filling 

http://3dprintingfromscratch.com/common/history-of-3d-printing/
http://3dprintingfromscratch.com/common/history-of-3d-printing/
http://www.3dsystems.com/
http://3dprintingfromscratch.com/common/places-to-download-3d-printer-files-and-files-formats-overview/#files
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velocity, Porosity, compressive yield strength, compressive 

modulus, Tensile strength, dimension accuracy and surface 

roughness, Liquefier temperature, envelope temperature, 

convective condition. 

II. VARIOUS 3D PRINTER USED 

Various 3D printer utilized by the researchers are as follows: 

Stratasy’s FDM 2000, Fab@home,Stratasy’s FDM-3000, 

Statasy’s Dimension BS1768, Zcorporation-Z450, Makerbot 

replicator-2, Prusai3. 

III. EXISTING RESEARCH EFFORTS 

Anitha et.al.[1] investigated the effects of some important 

FDM process parameters on surface roughness of ABS 

prototype. The Taguchi’s design matrix, signal to noise ratio 

(S/N) and analysis of variance (ANOVA) are used in this 

study. Three process parameters including layer thickness, 

raster width and speed of deposition are considered. This 

study revealed that the factor having the most important 

influence on the surface roughness is the layer thickness 

compared to road width and speed. It has also revealed that 

there is inverse relation between layer thickness and surface 

roughness. 

Thrimurthuluet.al. [2] used real coded genetic 

algorithm (GA) to develop an analytical model to predict the 

optimum part orientation for surface roughness. The 

prediction of the developed model is validated and it is in 

good agreement with the result published earlier. This study 

concluded that the developed model could be used to predict 

the optimum part orientation for any complex freeform 

surfaces. However, this developed model has the limitation 

that it can only predict build orientation but other critical 

process parameters cannot be predicted by this model. 

Lee et.al. [3] performed experimental investigation 

on optimization of rapid prototyping parameters for 

production of flexible ABS object. They carried out Taguchi 

method and ANOVA technique optimizationsconsidering air 

gap, raster angle, raster width and layer thickness as 

parameters. The study concluded that layer thickness, raster 

angle and air gap are the critical factors in determining the 

elastic performance of the part. The optimum parameters 

determined and the results obtained are in a good agreement 

with the laboratory experiments with percentage error of 

0.18%. 

Ang et.al.[4] revealed that the mechanical properties 

and porosity of ABS manufactured parts are mostly 

influenced by process conditions such as air gap, raster width, 

build orientation, build laydown pattern and build layer. They 

used 25 fractional factorial design to understand the influence 

of each process variable. They reported that air gap has the 

largest effect on the porosity and mechanical properties of the 

scaffolds. Based on their study, multiple regression models 

are used to check the significant improvement of mechanical 

properties and porosity 

Wang et.al.[5] found that tensile strength of FDM 

part is significantly higher when testing samples are put in the 

deposition orientation—Z direction. They demonstrated that 

the worst tensile strength is observed when testing samples 

are in the direction perpendicular to the layer. The developed 

model is verified experimentally and the predicted results 

agreed well with laboratory experiments. However, they 

obtained the three independent optimum solutions, for the 

minimum dimensional deviation, the minimum surface 

roughness, and the maximum tensile strength, respectively. If 

the dimensional deviation and surface roughness should be as 

minimum as possible, and at the same time the tensile 

strength should be maximized, the research effort could not 

provide a conclusive solution to the problem. 

Sebastian et.al.[6] verified a new method for 

accurate part manufacturing using a 3D printer. In particular, 

the direction and position dependence of the printed results 

are to be verified within the building area. Test cubes with a 

defined edge length are printed and measured afterwards. The 

work shows the position and direction dependency of the 3D-

printer manufacturing accuracy. Furthermore, a calibration 

procedure for bleed compensation calibration is presented. 

Show that the printer accuracy is as expected in terms of 

direction dependence. However, the position dependency has 

a greater influence on the result. 

Sun et. al. [7] investigated the mechanisms 

controlling the bond formation among extruded polymer 

filaments in the fused deposition modeling (FDM) process. 

The bonding phenomenon is thermally driven and ultimately 

determines the integrity and mechanical properties of the 

resultant prototypes. Results suggest that better control of the 

cooling conditions may have strong repercussions on the 

mechanical properties and accuracy of the final part 

fabricated using the FDM process. 

Saaidah et.al. [8] performed investigations into the 

process parameters of FDM Prodigy Plus (Stratasys, Inc., 

Eden Prairie, MN, USA)printer/machine. Various selected 

parameters are tested and the optimum condition is proposed. 

The quality of the parts produced is accessed in terms of 

dimensional accuracy and surface finish. The 

optimumparameters obtained are then applied in the 

fabrication of the master pattern prior to silicone rubber 

moulding (SRM). The dimensional accuracy and surface 

roughness are analyzed using coordinate measuring machine 

(CMM) and surface roughness tester, respectively. 

Mohammad et.al. [9] studied the effects of two 

parameters i.e. layer thickness and binder saturation level on 

mechanical strength, integrity, surface quality, and 

dimensional accuracy in the 3D printing process. Various 

specimens include tensile and flexural test specimens and 

individual network structure specimens are made by the 3D 

printing process under different layer thicknesses and binder 

saturation by use of ZCorp.'s ZP102 powder and Zb56 binder. 

Nancharaiah et.al.[10] studied the influences of 

process parameters such as layer thickness, raster width, 

raster angle and air gap on the surface finish of FDM 

processed ABS part through Taguchi method and ANOVA 

technique. It is seen that surface roughness could be improved 

by using lower value of layer thickness and air gap because it 

reduced the voids between layers. The weakness of this 

approach lies in only determining the best combination of 

process parameters. It cannot be used to determine the final 

optimum process conditions particularly in cases of multi-

quality optimization. 

Masood et.al.[11] experimentally investigated the 

effects of the FDM process parameters such as build style, 

raster width, and raster angle on the tensile properties of PC 
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FDM. They concluded that the highest tensile strength could 

be obtained when build style is solid normal, raster width is 

0.6064 mm and raster angle is 45. It is also concluded that the 

tensile strength of PC prototype greatly depended upon build 

style because the solid normal build style filled the part 

completely with fully dense raster tool paths. 

Arivazhagan et.al[12] investigated the effects of the 

FDM process parameters such as build style, raster width, and 

raster angle on the dynamic mechanical properties of PC 

processed part. Frequency sweep from 10 Hz to 100 Hz is 

used at three different isothermal temperatures. It is 

concluded that solid normal build style with raster angle of 

45, and the raster width of 0.454 mm led to the best dynamic 

properties than other build styles (double dense and sparse). 

 
Fig. 1: Fused deposition modelling 

IV. RESULTS AND DISCUSSION 

A. Governing Parameters and Their Effect: 

From the literature review it is observed that, surface finish 

of 3D printed components is based on following input and 

output parameters: 

Input Parameters 

Layer height 

Extruder temperature 

Feed rate 

Distance between parallel faces 

Nozzle angle 

Nozzle diameter 

Raster angle and many others 

Output Parameters 

Infill 

number of shell 

material volumetric concentration 

Movement of nozzle head 

First layer 

Cooling of the print 

And many others 

Table 1: Related input and output parameters 

B. Development of Cfd Model: 

1) Development of solid model of 3D printer extruder 

having Rectangular fins: 

Based on the geometric specifications as mentioned in 

chapter 4.4, the solid model of liquefier is constructed in 

ANSYS workbench software using following steps 

Open the workbench 

 

 
Fig. 4.1: ANSYS Main Window: Workbench 

Now drawing the geometric profile (Fig. 4.2) of 

extruder in design modular. 
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Fig. 4.2: Sketch in Design modular 

Now drawing the complete 3D model of the 

liquefier as presented in Fig. 4.3 

 
Fig. 4.3:  Solid model of Liquefier 

The central barrel which is filled with polymer 

should be empty in this solid model but, while doing meshing 

empty space can’t be meshed. In order to get the perfect 

filling of this empty space is required. To fill the space, first, 

symmetry command is used to make symmetry of liquefier 

about zx-plane as shown in Fig. 5.4. 
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Fig. 4.4: Shows the use of the symmetry command 

 

 

 
Fig. 4.5: Complete solid model of liquefier with PLA space 

filled 

2) Calculating Analytically Heat Transfer Coefficient at 

Different Faces of Components: 

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  

�̇� =  𝜌𝑉𝐴(8) 

Where �̇� represents the mass-flow rate, 𝜌 is the 

density of the fluid, V is the velocity of the fluid, and A is the 

cross sectional area of the fluid. As mass flow rate is constant 

during the steady state process, the feed velocity is adjusted 

so that there is no gap between the filament and groove mount 

or heater barrel.  

 
Fig. 4.6: Extruder heat sink having rectangular fins 

In the heat block and nozzle at the interface, the PLA 

is assumed to be in liquid state with no slip wall condition. At 

the outlet of the system, the pressure of the PLA melt is 

assumed to be relative normal atmospheric pressure. 

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.eℎ𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒). 

ℎ𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 =  ℎ𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛 +  ℎ𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛  

The convective heat transfer equations for different 

surfaces of components are mention in chapter 4 equations, 

using those equations the value of ℎ𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑣𝑒is calculated at 

different surfaces of different components and are tabulated 

in table 4.2 
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Face Location 𝒉𝒄𝒐𝒏𝒗𝒆𝒄𝒕𝒊𝒐𝒏(W\𝒎𝟐 − 𝒌) 

Heat Sink 10.3 

Table 4.2: Convective Heat transfer coefficient values at 

heat sink surfaces of liquefier 

The radiative heat transfer coefficient can be 

calculated with the help of equation as mentioned in chapter 

4 equation 4.16 (   i. e ℎ𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛). The Emissivity values are 

assumed to be 0.2 for the heat sink and heat block and 0.4 for 

nozzle []. Based on these equations  ℎ𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛  values at 

different surfaces of components are calculated and presented 

in table 4.3 

Face Location ℎ𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛  

Heat sink 3.2 

Table 4.3: Radiation heat transfer coefficient values at 

different surfaces of components 

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. 

Face 

locatio

n 

ℎ𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛(W/

𝑚2𝐾 

ℎ𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛(W/
𝑚2𝐾) 

ℎ𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒  (W/

𝑚2𝐾) 

Heat 

sink 
10.3 3.2 13.5 

Table 4.4: Effective Heat Transfer coefficient values at 

different surfaces of components 

The developed solid model of extruder in ANSYS 

workbench software is then import in to computational fluid 

dynamic software Fluent (ANSYS) for further analysis. 

3) Perform 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 where details related to each mesh is provided in 

table 5.5 and the meshed model is depicted through figure 

 
Fig. 4.7: Mesh with 813863 elements 

4) Solution Method: 

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 

 
Fig. 4.20: Flow chart for solution setup 



Numerical Simulation of Rep-Rap 3D Printer Liquefier to Determine the Thermal Behavior of Heat Sink 

 (IJSRD/Vol. 5/Issue 1/2017/026) 

  

 All rights reserved by www.ijsrd.com 98 

C. Result: 

As the aim of presented simulation is to successfully model 

heat transfer from heat sink of 3D printer extruder having 

rectangular fin and circular fins for different velocity of 

exhaust fan which is used in order to provide force convection 

at heat sink and also optimizing the extruder heat sink 

geometry for better heat dissipation that is which one is better 

either rectangular fins heat sink of circular fin heat sink. Here 

it also analyzed the heat dissipation of extruder heat sink for 

different working material that is poly-lactic-acid, 

acrylonitrile butadiene styrene. 

1) Validation of CFD model: 

Hear in order to validate the current CFD model of the heat 

sink which is used in order to analyze the heat dissipation rate 

from the heat sink. R. Mesa[24] experimentally calculate the 

temperature at the heat sink surface for different velocity of 

air which is coming from the exhaust fan. This velocity of air 

is responsible for forced convection at the heat sink. Mesa had 

given the mathematical model which is used to calculate the 

velocity of air coming from the fan in order to get the desire 

temperature. The mathematical model given by mesa [24] is 

𝑦 = 30.574𝑋−0.567                                                        (1) 

Airflow  velocity (m/s) Temperature (K) 

0.25 345.2 

0.3 334.5 

0.4 323.7 

0.7 309.7 

1 304.1 

Table 4.5: theexperimentally calculatedvalues of 

temperature at the top ofheat sink for different air velocity 

are 

Here the working material is poly-lactic-acid (PLA). 

The contours of temperature distribution of heat sink obtained 

from the CFD analysis for different velocity of air coming 

from the exhaust fan are 

Temperature distribution of heat sink when air is 

flowing at a velocity of 0.25 m/s. 

 
Fig. 4.21: temperature distribution of 3D printer liquefier at 

0.25 m/s 

 
Fig. 4.22: temperature distribution of sectional view of 

liquefier at velocity 0.25 m/s 

From the above fig.4.22 temperature distribution 

diagram it shows that the temperature at the heat sink top 

surface is 367 k. and the temperature value goes on increasing 

as we move toward the heat block. The temperature at the heat 

block where PLA get melt as shown by the fig. is 491 K 

Temperature distribution of heat sink when air is 

flowing at a velocity of 0.3 m/s 

 
Fig. 4.23: temperature distribution of 3D printer liquefier at 

0.3 m/s 

 
Fig. 4.24: temperature distribution of sectional view of 

liquefier at velocity 0.3 m/s 

From the fig.4.24 it show that the temperature at the 

top of the heat sink is 357 K. with the help of temperature 

distribution contours, the designing parameters of the heat 

sink can be identified. It can also identify the important 

dimensions of heat sink geometry which are responsible for 

heat transfer. By find the correct temperature distribution, it 

can also be analyzed the length at which the temperature is 

going to get melt completely after entering in to the heat sink. 

Likewise the above temperature distribution of heat sink for 

velocity 0.25 m/s and 0.5 m/s, the temperature distribution for 

other velocities are calculated. 

Velocity 

(m/s) 

Temperature (K) at the top of the heat sink 

calculated through CFD analysis 

0.25 367 

0.3 357 

0.4 339 

0.7 318 

1 311 

Table 4.6: The values of heat sink top temperature 

calculated through CFD for different air velocity are 

Now comparing the temperature values of heat sink 

top surface calculated from the CFD analysis and 

Experimental analysis, mesa [24] experimentally calculated 

the temperature values at the heat sink top surface. The 

comparison in between the experimental values and CFD 

values are  
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S 

No. 

Velocity 

(m/s) 

Temperature 

(K) measured 

experimentally 

Temperature 

(K) 

measured 

through CFD 

% 
Error 

1 0.25 345.2 367 6.31 

2 0.3 334.5 357 6.726 

3 0.4 323.7 339 4.72 

4 0.7 309.7 329 6.24 

5 1 303 322 6.27 

Table 4.7: The Comparison of Temperature Values of Heat 

Sink Top Surface Calculated 

 
Fig. 4.25: showing the comparison of Temperature measure 

at the heat sink top through CFD and Experimentally 

D. Comparison of temperature at the top of the heat sink 

having different types of fins: 

The temperature measured at the top of the heat sink which is 

having different profiles of fins that is rectangular annular 

fins, circular annular fins. After measuring the temperature at 

the top of the heat sink, it is find that the heat sink having 

circular annular fins design is better than the heat sink having 

rectangular annular fins, because for the same velocity 

temperature at the top of the heat sink having circular annular 

fins is less as compare to heat sink having rectangular annular 

fins. From this it shows that the circular annular fins are better 

as compare to the rectangular annular fins. This analysis helps 

in finding the more efficient design of heat sink in order to 

increase the heat transfer from the heat sink in order to 

maintain the temperature of the heat sink below the 

recrystallization temperature of the PLA polymer. 

S. 

No. 

Velocity 

(m/s) 

Temperature (K) 

measured for sink 

having 

Temperature (K) 

measured for sink 

having circular 

annular fins 

Rectangular 

annular fins 

1 0.25 367 362 

2 0.3 357 350 

3 0.4 339 335 

4 0.7 318 316 

5 1 311 309 

Table 4.10: Showing the comparison of temperature 

measured at the top of the heat sink having different types of 

fins 

 
Fig. 4.33: Shows the comparison of temperature at the top of 

the heat sink using PLA as a working material for heat sink 

having different fins profile. 

V. CONCLUSION 

1) The CFD model was developed on unigraphics and 

analysis was done by Fluent 16.0. 

2) The prediction of CFD model show good relation with 

experimental result present in literature. 

3) The internal consistency of the results confirms the 

validity of the CFD model. 

4) Simulated the 3D printer liquefier heat sink having 

rectangular and circular annulus shaped fins for different 

velocity of (0.25-1.00m/s). 

5) From the above result we have least temperature 

distribution for circular shaped annular profiled heat sink 

for different velocity of air coming from the exhaust fan.  

6) From the above result we have best temperature 

distribution on circular shaped heat sink of 3D printer 

liquefier with different air velocities and in different 

filaments of PLA and ABS 

7) So, from the above we can conclude that the circular 

shaped heat sink on annular profile at different velocity 

having better heat transfer rate, due to increase in surface 
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area of sink thus heat concentration decreases as increase 

in surface area of heat sink of 3D printer liquefier. 

 
Fig. showing the comparison of the temperature at the top of 

the heat sink for ABS material 

 
Fig. shows the comparison of temperature at the top of the 

heat sink using PLA as a working material for heat sink 

having different fins profile. 
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