OIRT 2026 18" Quantitative InfraRed Thermography Conference
~

Experimental Investigation of Spray Cooling on Offset Strip Fins Using Infrared Ther-
mography
by C. Morandi””, S. Gonzalez Ruiz’, M. C. Akkurt', C. Falsetti”, P. Bonnefis™, D. Laboureur’

*

Von Karman Institute for fluid dynamics, Environmental and applied fluid dynamics, Brussels, Belgium
**  DELFT University, Aerospace Engineering, Delft, Netherlands
*** LIEBHERR Aerospace, Touluse, France

Abstract

An experimental investigation of spray cooling on a flat plate and on a surface equipped with 2 mm offset strip fins
was conducted using infrared thermography. Experiments were performed under both horizontal and vertical orientations
to evaluate the influence of surface geometry and gravity-driven liquid drainage on thermal performance. A pixel-wise
energy balance was applied to reconstruct local heat transfer coefficient maps from infrared temperature measurements.
Results showed that the flat plate consistently outperformed the finned surface under all operating conditions. While
vertical orientation enhanced heat transfer on the flat plate, finned surfaces exhibited better performance in the horizontal
configuration. The study highlights the importance of liquid redistribution and rewetting mechanisms in spray cooling
applications.

1. Introduction

Spray cooling is a high-efficiency thermal management technique that removes heat from a heated surface
through the impingement of atomized liquid droplets generated by a nozzle. Upon impact, the droplets form a thin liquid
film that removes heat via combined mechanisms including forced convection, surface evaporation, and nucleate boiling

(1.

Compared to conventional single-phase liquid or air cooling systems, spray cooling offers several advantages:
extreme heat removal capability, high uniformity of surface temperature, low fluid consumption, and versatility across appli-
cations ranging from high-power electronics to aerospace components and metallurgical processes [1]. Peak heat fluxes
exceeding 1000 W/cm? have been reported using water as the working fluid [2].

Despite extensive research, the underlying physics of spray cooling remain complex and not fully understood.
Factors such as droplet size, velocity, frequency, and spray coverage interact in multivariable ways, making it difficult
to develop universal design correlations. Moreover, practical challenges including surface erosion, nozzle clogging, and
material compatibility limit the wide-scale industrial adoption of this technology [[3], [4]]-

Recent studies have shown that engineering the target surface can dramatically enhance spray cooling perfor-
mance. Multiscale surfaces, which integrate macro-, micro-, and nanostructures, offer significant improvements in heat
transfer compared to smooth surfaces. These structured surfaces combine the benefits of each scale: macroscopic fea-
tures enhance liquid drainage, microscopic features increase nucleation site density and contact line elongation, while
nanostructures improve wettability and capillarity, facilitating rapid rewetting of dry spots and maintaining a uniform liquid
film [2].

Experimental results indicate that multiscale surfaces can enhance the heat transfer coefficient by up to 65%
relative to smooth surfaces, with some hybrid micro/nanostructured designs achieving increases in critical heat flux (CHF)
exceeding 100% [2]. These surfaces also promote earlier onset of nucleate boiling, improved evaporation efficiency, and
faster post-CHF cooling, making them highly suitable for applications requiring extreme thermal management.

In this context, the present study investigates whether millimetric-scale offset strip fins can further enhance heat
transfer performance in spray cooling applications. The analysis focuses on evaluating the effect of surface structuring at
the millimeter scale on the overall thermal response and heat transfer coefficient.

Experiments are conducted for both horizontal and vertical orientations in order to assess the role of gravity-driven
drainage and film dynamics on heat transfer enhancement. Infrared thermography is used for full-field surface temperature
measurements from which HTC maps can be retreived.

2. Experimental Setup and Methodology
2.1 Experimental Setup
The experimental campaign was conducted using a custom-built spray cooling test rig, represented in Figure [T]

The system consisted of a plexiglass enclosure designed to provide a controlled and sealed environment while allowing
optical access for diagnostic measurements.
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Fig. 1. The setup is composed of:

Inlet for water
Inlet for air

Flat atomizer
Heating pad
Bakelite support
Plexiglass box
Power supply
Infrared camera
Computer
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On the upper surface of the enclosure, an opening was machined to accommodate a bakelite plate, selected due to
its low thermal conductivity and therefore used as a thermal insulator to minimize heat losses through the supporting
structure. Within the bakelite plate, a precisely aligned hole was used to house the thermal plate, which was positioned
and mechanically secured to ensure stable and repeatable placement during the experiments. The entire assembly was
carefully fixed and sealed to guarantee leak-proof operation.

The thermal plate had an electrical resistance of 14.75 and a maximum operating voltage of 65 V. It was
powered using a DC power supply rated at 65 V and 5 A, enabling controlled and repeatable heating conditions during the
spray cooling experiments.

The spray was generated using a flat atomizer operating with compressed air at a pressure of 2 bar. The liquid
flow rate was set to 0.85 mL/s. The nozzle was positioned at a distance of 15 cm above the thermal plate. Several
preliminary alignment tests were performed to ensure that the spray impingement region was centered with respect to the
heated surface, guaranteeing repeatability of the cooling conditions.

Temperature measurements were performed using a ThermoCAM SC3000 infrared camera placed inside the
plexiglass enclosure. The camera was protected from direct liquid exposure by the plexiglass box itself, while maintaining
an unobstructed view of the thermal plate.

Offset strip fins with a height of 2 mm were mounted on the surface of the thermal plate using thermal paste to
ensure good thermal contact. This configuration allowed experiments to be conducted under identical operating conditions
for both a smooth (flat plate) and an enhanced (finned) surface, enabling direct comparison between the two geometries.

2.2 Methodology

The experimental tests were conducted in a structured and sequential manner. First, experiments were performed
using the flat plate configuration.

A baseline set of dry tests (without spray impingement) was carried out in order to evaluate the thermal losses
of the system. During these tests, a constant heat flux was imposed on the thermal plate, and the system was allowed
to reach steady-state conditions. Once steady state was achieved, temperature fields were recorded using the infrared
camera.

Subsequently, spray cooling experiments were performed on the same flat plate configuration. The same proce-
dure was followed: a constant heat flux was imposed, and after reaching steady-state conditions, the spray was activated.
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