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An example of company-university cooperation: Mathematical
modeling and numerical simulation of heat dissipation in led bulbs

D. Alarcén?, E. Balvis®, R. Bendaiia®, J.A. Conejero?, P. Fernandez de Cordoba¥, J. Hi-
gén®, J.M. Isidro? y H. Michinel*

2Departamento de Matematica Aplicada, Universidad Politécnica de Valencia, diealcor@doc-
tor.upv.es; PERH-Illumnia S.L., ebalvis@uvigo.es; “Aerospace Engineering School, Universidade de
Vigo, ricardojbj@uvigo.es; YInstituto Universitario de Matematica Pura y Aplicada, Universitat Po-
litécnica de Valéncia, aconejero@upv.es; *Departamento de Expresion Grafica Arquitectonica, Uni-
versitat Politécnica de Valéncia, jhigonc@ega.upv.es.

Abstract

In this paper, a complete example of a company-university colaboration is pre-
sented. It begins by raising the thermal problem in manufacturing luminaires
with LED technology. Through the development of a mathematical model and
its numerical simulation using software based on finite elements, a solution is
presented. In addition, the prototype proposed by modeling is constructed and
it can be concluded that this model provides a accurate solution to the initial
planned problem. Finally, the transit to the market is made by the production
of such device and continue with the necessary studies to be able to optimize
the initial design. With this work we want to motivate the university - industry
relations.

Keywords: cooling law, high-power LED.

Resumen

En este trabajo se presenta un ejemplo completo de la relacion universidad-
empresa. Se comienza planteando el problema térmico involucrado en las lu-
minarias con tecnologia LED. Mediante el desarrollo de un modelado mate-
matico y la solucion del mismo mediante software basado en elementos finitos,
se pude presentar una solucion a dicho problema. Ademas, se lleva a la reali-
dad el prototipo modelado y se puede concluir que este modelo brinda una
solucion precisa al problema inicial planteado. Finalmente, el paso al mer-
cado se lleva a cabo produciendo dicho dispositivo y, al mismo tiempo, conti-
nuando con los estudios necesarios para poder optimizar el diseiio inicial. Con
este trabajo queremos motivar las prometedoras relaciones universidad-em-
presa.
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An example of a mathematical company-university cooperation in the design of LED bulbs.

Keywords: Cooling law, High Power LEDs (HP-LED:s).
Introduction, Justification, and Objectives

One of the main problems to overcome to extend bulb’s lifecycle is concerning how heat
dissipation. The common design of LED bulbs is not usually conceived for extending the
bulbs service life. New designs should be developed in order to overcome this problem and
to foster the entry of new suppliers in the market.

In this work, we present a detailed study of heating and cooling processes of a disruptive new
designed of LED luminaires with passive heat sinks. These bulbs were developed at request
of the Spanish company Innebo and two universities contributed to its design: the University
of Vigo (through the Optics lab) and the Polytechnic University of Valencia (through the
Interdisciplinary Modeling Group). The first group focuses its activity in the area of photon-
ics and the second in problems of heat and mass transfer. This interrelation constitutes a
paradigmatic example of university-company relationship.

Our analysis is supported by numerical simulations as well as experimental measurements,
carried on systems used for outdoor lighting. We have focused our analysis on the common
case of a single LED source in thermal contact with an aluminium passive heat sink, obtaining
an excellent agreement with experimental measurements and the numerical simulations per-
formed. Our results can be easily expanded, without loss of generality, to similar systems.

From our analysis we can derive that aluminum low-cost passive heat sinks can be used to
keep the temperature of 30W-50W HP-LED chips below 60C, thus making it possible to
reach life-times of 55.000h with the corresponding savings in energy consumption and
maintenance. Such results and simulations help to develop new technologies within the uni-
versity ecosystem, and it helps to the creation of start-up’s that can develop and commercial-
ize new high technological products.

Related works

In (Balvis et al, 2015) a preliminary study was provided. It has been contrasted with a differ-
ent software that also works with finite elements.

In (Yu, Lee, & Yook, 2010) an experimental and numerical investigation of natural convec-
tion in a similar geometry (radial heat sink) is presented (geometry based on a horizontal
circular base and rectangular fins).

Developed work

We need to guarantee that the HP-LED temperature stays below the maximum value speci-
fied by the producer. Specifically, the heat sink presented in (Balvis et al, 2015) must not
exceed 70 degrees Celsius. The heat sink is modeled as being axially symmetric, with gravity
g (dimensionally an acceleration) acting vertically along the symmetry axis (taken as OZ).
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The velocity field v of the air in which the heat sink is immersed satisfies the Navier—Stokes
equation

av

Frs p(v-V)v=—Vp + pvV?v + pg (1)
where, p is the volume density of the air, v its kinematic viscosity and p the pressure.
The velocity and the density are related together by the continuity equation

dp
% + V.(pv) = 0. (2)
Heat flow in a temperature gradient is governed by the equation
dp J
—+Vv.VT = kV?T + —,
Jat v pC, (3)

where pC, denotes the heat capacity per unit volume of the air, k its thermal diffusivity,
and J the time rate of internal heat production per unit volume.

Eqgs. (1), (2) and (3) are applied to the air sorrounding the LED. The heat sink itselfis assumed
to be a black body at temperature T, thus radiating energy according to the Stefan—Boltzmann
law:

g = eoT* (4)
Here ¢ stands for the energy per unit time and unit area, and it is the exit flow of energy
from the heat sink. Besides ¢ its emissivity and o is the Stefan—Boltzmann constant.

We will numerically solve the coupled system of equations (1), (2), (3) and (4) subject to
Dirichlet boundary conditions. Let T, be the (fixed) temperature of the air surrounding the
LED, far enough from the heat source. We impose the Dirichlet condition T = T, on the
boundary of the numerical simulation window.

Additionally, the Dirichlet boundary condition has been supplemented with:

i heat transfer of solid to solid by conduction between the LED and the dissipator,
with a distributed thermal resistance of 0.001 m?’K/W;
il. heat transfer of solid to air by convection.

The last heat transfer coefficient 4 has been taken to equal 12W/m?K in the implementation
of Newton’s cooling law of convection. Since the values for /# found in the literature vary
widely, this latter input was adjusted until the simulation results coincided with those from
experiment. Once the best fit was found, the corresponding value of # was taken as given for
the rest of numerical simulations.

Principales Resultados

This model (heat sink geometry and governing equations) is applied to the two simulations
performed. All numerical simulations have been carried out for an input LED power of SOW.
Fig. 1 shows the geometry of the heat sink, the HP-LED being modeled as a square piece.
Observe the geometry of the flaps, which allows a greater flow of air through the heat sink.
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The latter surrounds a solid cylinder, on the base of which the square HP-LED is located; this
cylinder distributes the heat across the whole device.

Figure 1 Used design geometry

Fig. 2 exhibits the results of this simulation. The numerical values of the temperature are
shown: the maximal temperature attained is 64 Celsius degrees, the minimal is 56.

Figure 2 Results of simulation using Solidworks.

With the objective of verifying the results, we create a prototive and experimentally measure
the temperatures in three points of the device. In the critical point (LED), the experimental
result reaches a maximal temperature of 63 Celsius degree.

Conclusiones

We have presented a numerical study of the steady-state temperature distribution of a realistic
high-power light emitting diode (HP-LED) bulb. Our results have been compared with ex-
perimental data measured in a prototype fabricated under market considerations. A nice
agreement has been found between the computer simulations and the measurements per-
formed.

Therefore, from our analysis we can derive that aluminum low-cost passive heat sinks can be
used to keep the temperature of 30W — 50W HP-LED chips below 60°C, thus making it
possible to reach life-times of 55.000h with the corresponding savings in energy consump-
tion and maintenance.
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