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Abstract

This study addresses the improvement of part cooling in FFF 3D printing, using the Creality Ender 3 V2 as a case study. The stock 

cooling system directs airflow from a single side, which leads to uneven cooling and reduced surface quality. To overcome this 

limitation, both a reference redesign and a generative design approach were investigated. The development involved flow domain 

optimization with Autodesk Fusion's Generative Design module, followed by CFD simulations in Ansys CFX. Results indicate that 

generative design can enhance cooling performance and enable more effective two-sided airflow. At the same time, challenges 

remain in achieving uniform outlet velocity distribution, as flow separation effects may occur. Overall, the study demonstrates the 

potential of generative design as an innovative tool for accelerating fluid dynamics design processes, while highlighting the need 

for further refinement and experimental validation.
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1 Introduction
In recent years, generative design has transformed the 
development of components. Initially, its application was 
primarily focused on mechanical optimization problems, 
such as lightweighting, stiffness maximization, and com-
pliant mechanism design in additive manufacturing [1]. 
The integration of topology optimization and machine 
learning methods has made it possible to explore complex 
design spaces that are often inaccessible to traditional, 
intuition-driven engineering approaches [2, 3]. In recent 
years, generative methods have been extended beyond 
structural mechanics into the domain of fluid dynamics. 
Here, they have been employed to minimize pressure drop 
in flow channels, maximize convective heat transfer, and 
optimize aerodynamic performance [4, 5]. CFD frame-
works now enable direct gradient-based optimization of 
flow fields, while reinforcement learning and surrogate 
modelling approaches have expanded the applicability 
of generative design to industrially relevant problems 
such as heat exchanger channel optimization, atomizer 
design and duct flow uniformity [6–9]. This development 
directly motivates the use of generative CFD in extru-
sion-based additive manufacturing (MEx). In this process, 

part cooling plays a decisive role: the airflow distribu-
tion around the printed part influences filament solidifica-
tion, interlayer adhesion, crystallinity, residual stress for-
mation, and dimensional accuracy [9–11]. Insufficient or 
non-uniform cooling can lead to surface defects, warping, 
poor bridging quality, or weakened interlayer bonds [12]. 
Conversely, properly optimized cooling geometries can 
stabilize overhangs, improve dimensional fidelity, and 
enhance mechanical properties [13].

The design of part-cooling ducts in FFF printers is par-
ticularly well-suited for generative CFD, as it embodies the 
same trade-offs typical in fluid design optimization: bal-
ancing cooling uniformity, targeted local airflow, pressure 
loss, and noise generation. By coupling CFD-driven gen-
erative design with in-situ thermal monitoring techniques 
such as infrared thermography, it is possible to close the 
loop between simulation and experiment, achieving data-
driven optimization of cooling strategies.

In this work, generative CFD was applied to the design 
of a part-cooling duct, with the aim of improving convec-
tive cooling uniformity while maintaining acceptable pres-
sure drop and maximized outlet air velocity. The approach 
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builds on the recent advances in differentiable CFD and 
inverse fluid design, applying them to a practical additive 
manufacturing challenge where thermal history directly 
governs final part quality.

The cooling system of the Ender 3 V2 printer cools the 
part only from one direction by default. As a result, the 
undercut surfaces opposite the cooling outlet cool at a dif-
ferent rate, which prevents proper dimensional accuracy and 
significantly degrades the surface quality in case of certain 
overhangs (see Fig. 1). To address this issue, we intend to 
build a new cooling system, initially using only the stock 
fans, in order to attempt the development without relying on 
any newly purchased components. For the development, the 
Generative Design module available in Autodesk Fusion 360 
[14] was utilized, which also provides the possibility to opti-
mize flow domains. To ensure comparability of the results, 
a simulation was also carried out using the flow domain 
extracted from the model of the original cooling channel. 
The aim of the study is to investigate and enhance the fluid 
dynamic and thermal phenomena occurring in the cooling 
channel of the Creality  Ender  3  V2 [15] using numerical 
methods. The objectives include mapping the flow within the 
channel, accelerating the flow at the channel outlet through 
geometric modification, and applying Generative Design in 
the optimization process as a novel and innovative design 
approach.

2 Methodology
Before the CFD analysis, the optimization of the flow 
domain was carried out. For this, it was necessary to define 
the preserved, obstacle, and starting volumes. The preserved 
geometry represents the volume that the generative algorithm 
cannot remove or modify. In this case, these were the inlet 
and outlet geometries, more precisely the fixed flow domains 
where the boundary conditions for the subsequent CFD anal-
ysis would be applied. The obstacle geometry acts as a dead 
zone within the optimization space, since the program is not 
allowed to place flow volumes there. In this case, these were 
the printer head's carriage, hotend, and the fans, whose posi-
tions had to be specified.

Fig. 2 shows the complete head assembly CAD model, 
which made it easier to define both the obstacle geometries 
and the initial geometry. The initial geometry was required 
to provide a reference shape for the flow domain, similar 
to the one we intended to achieve. In this case the dou-
ble outlet section was the goal which had to be defined in 
advance in the form of the starting shape. The geometry set 
can be seen on Fig. 3. For the generation parameters, the 
velocity of the medium passing through the inlet was spec-
ified based on the manufacturer's fan data. The optimiza-
tion objective was to minimize pressure drop and to reach 
a target flow volume.

Fig. 1 The surface error caused by insufficient cooling on the 
overhangs

Fig. 2 The CAD model of the original printer head and it's fan duct

Fig. 3 The design geometries in the generative design space
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After generating the design result, CFD simulations 
were carried out in Ansys CFX [16]. Following the proper 
definition of inlet and outlet boundaries and the generation 
of the numerical mesh, boundary conditions and material 
properties were specified (Figs. 4 and 5). The inlet mass 
flow was set to 0.00188  kg/s at a static temperature of 
25  °C, assuming subsonic flow. At the outlet boundary, 
subsonic flow was also defined with a static pressure of 
0 MPa. The walls of the flow domain were set as no-slip 
walls with adiabatic heat transfer and low surface rough-
ness. The SST turbulence model was applied. In the sim-
ulation results, the maximum and cross-sectional average 
velocities at the outlet were monitored.

3 Experimental results
Among the simulation results, the analysis of the original 
channel shows that due to its confuser-like design, the flow 
velocity continuously increases. However, because of the 
asymmetric geometry, the inclined channel wall causes 
an uneven velocity distribution at the outlet cross-section, 
resulting in a local maximum on one side (see Fig. 6).

The outlet maximum and average velocity is 17.13 m/s 
and 32.62 m/s respectively. In the case of the generatively 
designed flow domain, the flow velocities developed sig-
nificantly differently. The global maximum did not occur 
at the outlet cross-section, and despite the overall uniform 
flow, the curved geometry caused spiral-like vortical flows 
to form within the channels. At the outlet, the maximum 
flow velocity reached 58  m/s, while the average velocity 
was 35.26 m/s. The average value alone exceeds the max-
imum flow velocity of the original factory configuration.

A more detailed examination of the outlet cross-sec-
tions reveals that although the flow velocity is higher, its 
distribution shows significant variations and is not uni-
form (this is most clearly visible in Figs. 7 and 8). Near the 
center of the cross-section the velocity is nearly uniform, 
while at the edges only minimal flow can be observed, 
lower by orders of magnitude. This can be explained by 
the fact that the flow domain expands too abruptly, lead-
ing to a flow pattern similar to the Carnot–Borda effect 
(see Fig. 9). Since the algorithm is not aware that a uni-
form velocity distribution across the entire cross-section 

Fig. 4 Flow setup of the original duct in CFX

Fig. 5 The generative designed flow volume in CFX

Fig. 6 Velocity [mm/s] and streamlines of the original duct

Fig. 7 Average velocity [mm/s] on outlet of the generative result
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is required, its objective function focuses solely on mini-
mizing pressure drop. Consequently, the functionality of the 
outlet becomes questionable. Repeated runs of the generative 
algorithm resulted in similar outcomes.

4 Conclusion
With the generative algorithm, it was possible to achieve a 
higher outlet velocity while ensuring cooling from both sides 
of the part. However, in the case of the generative model, due 
to the constraint of the mandatory outlet geometry defined 
by the user, the velocity distribution along the cross-section 
is not uniform so it cannot be considered final.

In the next steps, the generative result needs to be 
remodeled into a channel with mounting points and val-
idated through real manufacturing, which is part of the 
future plans. Nevertheless, it can be stated that generative 
design has the potential to accelerate fluid dynamics design 
processes once the definition of algorithm parameters and 
objective functions becomes more accessible. In its cur-
rent state, however, only limited configuration options are 
available, and a high level of expertise is required to set 
the parameters and to generate usable results.
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