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Abstract: This paper presents an experimental investigation of
a cooling module which uses microjet and microchannel tech-
niques. In the module the microjets of water impinge into the
microchannels and form a liquid film on the impingement sur-
face. The applied technology takes advantage of two very ef-
fective heat removal techniques. When laminar jets impinge on
the surface, they have very high kinetic energy at the stagna-
tion point. Moreover, the boundary layer of the microchannels is
very thin, which allows to obtain very high temperature fluxes.
The applied technology of jet production can consist of the jet
hydraulic diameter ranging from 200 to 500 µm, combined with
microchannels which are 2 mm wide and 2 mm high. Tests were
conducted under steady-state conditions, for water used as the
test fluid. The results of the experiments have been compared to
standard cooling techniques.

1. Introduction

Accurate control of cooling parameters is required in an ever wider range of technical
applications. It is possible to obtain high heat fluxes by using various technologies.
When liquids such as water are used, boiling is likely to occur when the surface
temperature of heated element exceeds the coolant saturation temperature. Boiling
is results from large rates of heat transfer because of the latent heat of evaporation and
because of the increased enhancement of the level of turbulence between the liquid and
the solid surface. This enhancement is due to the mixing action related to associated
with the cyclic nucleation, growth, and departure or collapse of vapour bubbles on
the surface.

In the case of heat transfer enhancement techniques, such as impinging microjets
and microchannels, significant rates of heat transfer can be achieved (Garimella and
Rice, 1995). It is known that reducing the dimensions of the nozzles leads to an in-
crease effectivenss of cooling and improves its quality (Mikielewicz and Muszyński,
2009). The present study describes the results of research related to the design and
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the construction of a hybrid microjet-microchannel module, which may be applied as
a cooling module in electronic devices.

2. Experimental setup

The present study shows the results of the steady state heat transfer experiments,
conducted for single-phase cooling in order to obtain wall temperature and heat fluxes.
Fig. 1 shows the view of the test section diagram with data acquisition apparatus.
It consisted of a hybrid cooling module, a heat sink, a fluid supplying system, mea-
suring devices and a DC power supply unit. The test fluid was fed to the nozzle
from a supply tank. The desired fluid flow rate was obtained by adjusting water
pump power supply. In order to reduce the pressure drop necessary to create a steady
laminar jet, 1 mm-thick orifice has been used as a nozzle. Volumetric flow rate was
measured at inlet with a turbine type flow meter.

The water jets impinged on the bottom of 2 mm high, 2 mm wide and 10 mm long
microchannels. Every channel was supplied by a single water microjet of a hydraulic
diameter of 500 µm. The cooled surface was made of cast aluminium with a 10x10
mm bottom surface. Temperature was measured at the bottom surface of the hybrid
module with the use of a K-type thermocouple. Heat was supplied by a kanthal heater
mounted at the bottom of the module. The whole set was thermally insulated. Fig. 2
shows the exploded view of the hybrid module.

In order to facilitate continuous operation of the cooling system, heat was removed
by an efficient microchannel heat sink. Fig. 3 presents the view of the heat sink used
in the experiments.

Four additional K-type thermocouples were built in the cooling loop. The tem-
perature at the inlet and the outlet of the hybrid module and the heat sink was
monitored. They were connected to the Aplisens temperature indicator with a reso-
lution of 0.1K. The losses of the applied power through conduction into the insulation
and radiation to the surroundings were accurately calculated and accounted for in all
tests. Data were taken from a steady state measuring points in order to exclude heat
capacity of the installation.

Fig. 1. Test section view
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Fig. 2. Hybrid microjet-microchannel module view

Fig. 3. Microchannel heat sink view

3. Experimental results

In the course of the performed experiments both the amount of the transferred heat
and the surface temperatures were recorded. The data were taken for water as a test
fluid. Fig. 4 shows the cooling performance of the cooling device. The pumping
power was expressed as the total pressure drop in system times volumetric flow rate
of water:

Pp = V̇∆p (1)

The amount of heat removed from the system Qch was calculated by substracting
heat loses from electric power supplied to the heater.

Fig. 5 presents a comparison of the module miccrojet-microchannel module with
traditional heat sink. Both were mounted with the aid of thermal grease on the contact
surface. In case no thermal grease was applied an increase in the surface temperature
up to 15 K was measured in comparison with the situation when installation was
done properly. A much better performance of the microjet-microchannel module is
manifested by lower temperatures of the cooled surface. Unfortunately, it appears that
the heat fluxes exceeding 40 W/cm2 for a hybrid module result in the temperature
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Fig. 4. Effectiveness of heat removal of the hybrid microjet-microchannel module

Fig. 5. Comparison of heat removal by the hybrid microjet-microchannel module (+)
with a traditional heat sink (x)

exceeding 90◦C, thus making it impossible to implement it in a system which requires
lower temperatures. As a result, the system described in this paper is designed to
the use of fluids such as HFE 7100 and HFE7000 and ethanol in two-phase flow
conditions. The HFE 7100 fluid (Mikielewicz and Andrzejczyk, 2013) seems to be
the optimum solution to be used at a normal boiling point of 60◦C, which gives hope
to obtain the highest heat flux removal at this temperature.
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4. Conclusions

Preliminary experimental data of the hybrid microjet-microchannel cooling device
have been presented in this paper. The obtained data have been compared with
solutions available ”on the market”. While taking measurements a significant dis-
similarity in the surface temperature was observed for that of the proposed cooling
device. Unfortunately, it appears that the heat fluxes exceeding 40 W/cm2 for the
hybrid module exceed the temperature of 90◦C, thus making it impossible to imple-
ment the tested module in high power CPU cooling systems. As a result, the system
described in this paper is designed to work with the use of fluids such as HFE 7100
and HFE7000 and ethanol in two-phase flow conditions at a normal boiling point of
60◦C.
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