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A B S T R A C T

Mold cooling is a critical phase of the molding cycle, comprising more than half of its total time. It affects the
final quality of the plastic part and production rate. Therefore, the cooling channel system design is essential to
achieve better control over the cycle time. Despite the improvements of conformal cooling, the flow config-
uration is still absent from cooling optimization criteria. In this work, using the constructal principle, we in-
troduce in these criteria the flow systems svelteness as a global geometric design parameter expressing its ar-
chitecture. In the configuration explored for cooling small-scale mold inserts, the flow enters through a primary
channel and returns through secondary channels, equally spaced, similar to an umbrella shape. The evolution of
flow configuration toward minimizing the flow resistance (local pressure losses) points to an architecture with
smaller secondary channels and larger return angles. Depending on thermal requirements, it is possible to define
optimal regions of interest presenting the cooling systems designer with an appropriate optional range.

1. Introduction

The mold cooling stage is one of the most important in the molding
cycle. It plays a crucial role in injection molding by taking more than
half of the molding cycle time and affecting the plastic part final quality
and mold productivity [1]. It begins after the compaction stage when
the plastic at entry point solidifies and ceases to flow into the mold. The
time taken before we can eject the plastic part depends on the desired
ejection bulk temperature and the heat removal capability of cooling
the mold [2]. Therefore, an optimized design of cooling channels is
essential to ensure a reduced cooling stage to increase productivity and
maximize the quality of plastic parts.

One of the most challenging topics in the injection of plastic in a
mold is the hardening of small thin wall plastic parts with complex
geometries that increase the difficulty in designing appropriate cooling
channels. The use of Additive Manufacturing allows a more precise
control of mold design, and a better adaptation of cooling channels to
highly complex geometries, known as conformal cooling [3,4]. The
result is a more uniform cooling of the plastic part, which in turn re-
duces cooling time [5].

The manufacturing of inserts by additive manufacturing is capable
of producing highly intricate geometries [4]. But, while we recognize
the positive impact of conforming cooling channels to the mold insert,
the optimization of their configuration is still semi-empirical and recurs

to simulations tools.
When minimizing systems or components, the methodologies de-

veloped aim to improve mold inserts cooling without affecting the
plastic part's characteristics. And the tendency to miniaturization in
flowing systems points towards vascularization, as observed in nature.
Through the application of constructal design, the configuration of
channels should evolve to suit the inserts complex geometries better
and achieve the intended thermal balance between the mold insert and
heat dissipation requirements to form the plastic parts.

Therefore, the primary goal of optimizing the cooling system is to
increase inserts thermal performance and improve the plastic part's
quality, as well as the mold production rate. However, the flow archi-
tecture is still not a design parameter, not even included as one of the
cooling system optimization criteria. This is why the goal of this work is
an attempt to include the flow configuration in the design phase
through an approach based on the constructal principle [6].

2. Cooling channels thermofluids model

”For a finite-size system to persist in time (to live), it must evolve in such
a way that it provides easier access to the imposed currents that flow through
it.” [6]. This is the constructal principle. One of the novelties associated
with a constructal theory approach is the global geometric property
associated with the flow system designated as Svelteness first introduced
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by Lorente and Bejan [7]. The Svelteness is a parameter relating an
external flow length scale with an internal one. In channel flows, it is
possible to formulate this global geometric property as a function of the
relative importance of local pressure losses in bends, junctions, con-
traction and expansions and friction pressure losses distributed along
the channels. The purpose of formulating this relation is to find the
geometric conditions where local pressure losses become negligible
relatively to friction losses.

Given the typical shapes of mold inserts to produce plastic parts for
the electronic industry, the configuration used to explore the in-
troduction of the flow architecture in cooling optimization criteria has a
shape similar to an umbrella. It cools the insert volume through a central
channel until a tip where n channels depart making the fluid flow return
to the initial sectional point of entry (see Fig. 1).

The first part of this section considers the flow development and
establishes a relation between the ratio of local to distributed pressure
losses and the Svelteness. And, in the second part, considerations made
for the heat transfer involved allow introducing the flow architecture in
the heat transfer relations which cooling system's designers may use to
choose the configuration that best meets heat removal requirements in
a mold insert.

2.1. Characterizing the flow architecture through its svelteness

Following a mass and momentum conservation, and using the same
approach as Bejan and Lorente [6] (pp. 113–115), we apply a Lagrange
multipliers method to find the condition of minimum flow resistance in
both primary (D1) and secondary (D2) channels. This relation results in
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where n is the number of secondary channels returning the flow. In the
case of a single bifurcation =n 2, the result corresponds to the known
Hess-Murray rule.

Using again the conservation of mass and momentum, considering a
laminar flow and using the Darcy friction factor for circular channels
( =f 64/ReD), which is a consequence of the Poiseuille flow, the re-
sulting relation between local and friction pressure losses becomes
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In the result above, local pressure losses depended on the local
pressure at the entrance of the configuration in D1 and the term asso-
ciated with the dynamic pressure. However, when modeling the local
pressure losses through the momentum conservation, which mathe-
matical developments are relatively complex, the terms associated with
the static and dynamic pressures depend on different geometric factors,
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While the order of magnitude of ∼g n α( , ) 1, the static pressure at
the entrance is ∼p 101

5. A scale analysis of the dynamic pressure term
based on ∼Re 10D

3 shows ∼ρV 101
2 1

2 7. Thus, Eq. (2) also results from
the assumption that the pressure term in the momentum conservation is
negligible relatively to the dynamic pressure associated with the flow
velocity.

To ensure negligible local head losses based on the order of mag-
nitude of the Svelteness (Sv), we need to relate the ratio in Eq. (2) with
Sv, defined as the relation between an external length scale (Le) and an
internal length scale (Li),
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The relation =L Ae c expresses the external length scale associated
with the total area occupied by the construct (Ac) and expresses the
internal length scale depends on the total volume of the channels (Vc).

Fig. 2 shows the total area occupied by the umbrella construct, in-
cluding some geometrical considerations to formulate Ac. This space
depends on two specific areas. One around the area between the inlet
channel and each outlet channel, Ac1, and a second area defined be-
tween outlet channels (Ac2). Some characteristic parameters are the:

• distance between inlet and outlet sections: =b L αtan( )1

• distance between consecutive outlet sections: =c L α γ2 tan( )sin( /2)1

• angle between consecutive distances defined by the inlet and outlet
sections: =γ π

n
2

• half-angle of Ac2 close to the umbrella's tip:
=β α γarcsin(sin( )sin( /2))

• height of Ac2: =h L α γtan( )sin( /2)1

The final result for the Svelteness is a function of the flow archi-
tecture through the divergence angle α, the number of channels n and
the length-to-diameter ratio of the primary channel (L D/1 1).
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Fig. 1. Schematic example of the umbrella geometry with =n 4 return channels and the relevant geometrical parameters. And an example of its application in a mold insert.
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