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Thermal-Fluid Coupled Analysis of the Nozzle Part for the FDM 3D
Printers Considering Flow Characteristics of Cooling Fan
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For 3D printing of high-strength polymers, such as PC (Polycarbonate) and PEI (Polyetheimide), the temperature of the
nozzle should exceed the melting temperature of the high-strength materials. At the same time, the temperature of the
transfer part, composed of the shaft extruder and the Teflon hose, should be cooled below the glass transition temperature
and below the limit temperature of the transfer part. In this study, we analyzed the effect of the flow rate of the cooling fan
when the extruder nozzle is heated to 300°C. We compare the natural convection environment, in which the cooling fan is
not operated, and the forced convection condition, in which the cooling fan is operated, and analyze the effect on the
cooling fan flow rate. The simulation considered the heat transfer in the air and the nozzle, as well as the flow
characteristics of the air.

NOMENCLATURE

p = Density

K = Thermal conductivity
C,= Specific heat

g = Gravity acceleration

%% (Rapid Prototyping)© & &5 oL}
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Fig. 1 Nozzle structure of 3D printer (a) Photograph of nozzle parts
(b) Schematic figure of the nozzle parts (c) Sectional view of
the nozzle

Table 1 Thermal properties of the extruder components

Part Material ( g/é) ) (W/I;K) (J/gi()
Shaft extruder SUS303 8 16.2 0.5
Teflon hose Teflon 22 0.25 0.28
End-shaft extruder POM 1.41 0.231 1.37

Heat sink-extruder Al6061 2.7 180 0.896
Cover block Teflon 22 0.25 0.28
Nozzle extruder Brass 8.49 115 0.38

Heat sink Al6061 2.7 180 0.896
Heater insulator .Heat . 1 0.05 0.8

Resistance Si
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Fig. 2 Simulation model for the heat transfer analysis of 3D printer
nozzle
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Fig. 3 Velocity distribution of the air with natural convection (a)
Three-dimensional view of X-Z and Y-Z plane (b) Sectional
view of Y-Z plane

(b) Y-Z plane sectional view
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Fig. 4 Temperature distribution of the nozzle with natural
convection (a) Sectional view of the Y-Z plane including air
(b) Sectional view of the Y-Z plane for nozzle parts
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Table 2 Comparison of temperature distribution with natural
convection at 5 points

Point 1 2 3 4 5

Experimental result
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Fig. 6 Temperature distribution of the nozzle part with forced
convection (a) Sectional view of the Y-Z plane including air
(b) Sectional view of the Y-Z plane for nozzle parts
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Table 3 Comparison of temperature distribution with forced
convection at 5 points

Point 1 2 3 4 5

Experimental result
O
Simulation result

‘O

302.5  198.8 120 56.3 40.3

300.0 2019 1151 59.7 44.5
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Fig. 7 Temperature distribution of the extruder from (1) to (5)
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