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Abstract: This paper presents the investigation of a single mi-
crojet cooling technology which forms a thin liquid film on the
impingement surface.The basis of microjet technology is to pro-
duce laminar jets, which when impinging the surface have very
high kinetic energy at the stagnation point. The applied technol-
ogy of rectangular jet production allows modification of the jets
size from 20 to 500 µm in lenght and 20 to 100 µm in breadth.
The influence of jet velocity and physical properties of cooling
fluids on heat transfer coefficient are examined. Tests were con-
ducted under steady state conditions, for three fluids namely
water, ethanol and HFE7100. Simple empirical correlation has
been developed which describes obtained Nusselt number on the
cooled surface.

1. Introduction

Accurate control of cooling parameters is required in an ever wider range of technical
applications. It is known that reducing the dimensions of a nozzle leads to an increase
in the effectiveness of cooling and improves its quality (Mikielewicz and Muszyński,
2009). The present study describes the results of the research related to the design
and the construction of the nozzles and microjetcooling study, which results may have
numerous technical applications in metallurgy, electronics and other fields.

When liquids such as water are used, boiling is likely to occur when the surface
temperature exceeds the coolant saturation temperature. Boiling is related to large
rates of heat transfer because of the latent heat of evaporation and because of the
enhancement of turbulence level between the liquid and the solid surface. This en-
hancement is due to the mixing action related to 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). The most fre-
quent approach used to determine+ the rate of heat transfer consists of using a set of
empirical equations which correlate the value of the surface heat flux with the fluid
properties, surface conditions, and flow conditions. A similar approach is used to
describe the experimentally obtained data in this paper.
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2. Experimental setup

The present study shows the results of steady state heat transfer experiments, con-
ducted for single phase cooling in order to obtain data of wall temperature and heat
fluxes. Fig.1 shows the schematic diagram of the test section. It consisted of a test
probe, a fluid supplying system, measuring devices and a DC power supply unit. The
test fluid was fed to the nozzle from a supply tank, which also served as the pressure
accumulator. The water pressure in the test section was raised by an air compressor.
The desired fluid flow rate was obtained by sustaining the constant pressure of the
fluid with a proper use of a flow control valve. In order to reduce the pressure drop
necessary to create a steady laminar jet, the nozzle which was used was 2 mm long.
Volumetric flow rate was measured at inlet and outlet from the cooling chamber with
a graduated flask.

The distance between the nozzle exit and the cooled surface was fixed at 50 mm.
The cooled surface consisted of a copper truncated cone with the top diameter of
10 mm and which was 20 mm high. The water impingement surface was silver-
plated, in order to prevent high temperature erosion. The radial distribution of surface
temperature was determined with the use of five T-type thermocouples, constructed
by embedding the 50 µm thick constantan wire into the copper core. Heat was
supplied by a kanthal heater mounted at the bottom of the core. The whole set was
thermally insulated and placed in a casing. Fig. 2 shows the cross-section of the
probe.The heater was powered by a DC power supply unit and the total power input
was determined by measuring of the current intensity and voltage.

Four additional K-type thermocouples were mounted inside of the copper rod axis.

Fig. 1. The schematic diagram of test section
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These thermocouples measure axial temperature gradient at the core of the heating
block and control the temperature of the heater. They were connected to the National
Instruments data acquisition set. The signal from the thermocouples was processed
with the use of the LabVIEW application. The heater operating power values were
precisely controlled and measured. The losses of the applied power through conduc-
tion 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.

3. Experimental results

In the course of the performed experiments the radial distribution of surface tem-
peratures was recorded. Three fluids were examined, namely ethanol, HFE7100 and
water. Tab. 1 shows the main properties of the working fluid.

The nozzle construction allows to modify its dimensions. In case of this study
the nozzle with the dimensions varying from 40x100 up to 15x100 µm was used.
Experiments were conducted for the spacing of 50 mm between the nozzle exit and
the impinging surface, for constant impinging jet temperature. Tab. 2 presents the
experimental data range.

The experimental values of heat transfer coefficient were calculated basing on the
Newton’s law, i.e. as the ratio of the applied heat flux to the temperature difference

Fig. 2. The cross-section of the probe
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Tab. 1. Characteristics of the cooling fluids

No. Cooling fluid Critical
temperature [K]

Critical
pressure [MPa]

Molar mass
[kg/kmol]

1. water 647.1 22.06 18.0

2. ethanol 513.9 6.15 46.1

3. HFE7100 468.5 2.23 250.0

Tab. 2. Experimental data range

No. Cooling fluid Re [-] Nozzle dimensions

1. water 649÷5068 (40÷150)x100 µm

2. ethanol 1348÷2207 50x100 µm

3. HFE7100 2628-3310 50x100 µm

between the local wall temperature and the temperature of the fluid in the nozzle:

α =
q

(Tw (r)− Tf0)
(1)

Heat transfer coefficient was subsequently transformed into a non-dimensional
form of the Nusselt number in order to simplify the comparison between the other
experimental data described in literature. This parameter was defined as the ratio of
the experimentally obtained heat transfer coefficient times the hydraulic diameter of

Fig. 3. Fit to experimental data for nozzle dimensions, 100x50 µm
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the nozzle, to liquid conductivity:

Nu =
α · d
λ

(2)

The experimentally collected heat transfer coefficient was approximated using the
multiple regression method to formulate the following equation.

Nu = 0.9871 ·Re0.8843 ·
1.776

Pr ·
(
d

D

)1.897

(3)

The developed correlation has a simple form, as it depends only on the Reynolds
number (-) and the ratio of the nozzle diameter (expressed in m) to the cooled surface
diameter (m). The Prandtl number has been introduced into the above formula for the
purpose of capturing of the specific properties of different fluids. The A comparison
of the predicted heat transfer coefficient 3 against the author’s own experimental data
is illustrated in Fig. 3 and 4.

We can observe that the consistency of correlation with experimental data is satis-
factory. The highest heat fluxes which were obtained were taken for water as a cooling
fluid. In order to compare different fluids which have different mass flow rates, cooling
effectiveness parameter has been used. It is defined as the ratio of the power required
to pump the working fluid to the heat removed. The results of this analysis are shown
in Fig 5.

4. Conclusions

The experimental research on heat transfer due to the impingement of a single mi-
crojet of water, ethanol and HFE71000 was studied on a specially designed rig. A
microjet nozzle of the dimensions of 100x50 µm was used during this experiment.
Systematic data on the wall temperature distribution was collected, which enabled
the development of empirical correlation for the Nusselt number.

Fig. 4. Fit to experimental data for nozzle dimensions: 100x50 µm



136 PhD Interdisciplinary Journal

Fig. 5. Cooling effectiveness comparison

A simple form of empirical heat transfer correlation described in this paper is
of great value for designing new cooling devices. It will enable, for example, the
optimization of jet nozzle parameters, depending on the cooling process requirements.
More experiments on the structure of a single microjet are needed to confirm the heat
transfer coefficient correlation presented in the paper.
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