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ABSTRACT

This article describes the system for measuring the pressure distribution in water spray.
The system is used as a test bench for cooling water nozzles. It consists of two-axis support
with mounted piezoelectric pressure sensor, support engine drive unit, charge amplifier and
PC with data acquisition. The article contains a short description of the test bench and an
overview of the software created in LabVIEW 7.0.

1 INTRODUCTION

The Lechler Company, a great German nozzle manufacturer, asked for developing a test
bench for their products. In the Laboratory of Heat Transfer and Fluid Flow, Faculty of
Mechanical Engineering, BUT, this test bench was constructed. My job was to create a
control program for controlling the nozzle measurement with the test bench.

The creation of this system is the first step on the way to find a correlation between
pressure distribution in the spray and heat transfer coefficient distribution. In current state, the
heat transfer coefficients must be obtained using “hot measurement” — tested nozzle must be
used to cool hot metal plate while measuring the temperatures in several points under the
plate surface. From the data acquired by such measurement, the values of heat transfer can be
calculated using inverse analysis. This method was created by Dr. Horsky from Laboratory of
Heat Transfer and Fluid Flow and is described in his habilitation work [1].

But such measurement is very time and energy consuming. A great amount of energy is
used to warm the metal plate up and a great amount of water is required to cool the plate
down again. The cooling process must be precisely controlled to keep the cooling curve inside
specific limits. It is also necessary to change the metal plate from time to time, because the
periodic heating and cooling changes the internal structure of the plate and so influences the
heat transfer coefficients.

It would be much easier to perform a static spray measurement without heating
anything. But first, the correlation must be found. This test bench should help in this task.

The function of the system is to measure the pressure distribution in selected height of
the water spray. The measurement is automated — the user must only select the pressure
sensor sensitivity and measurement trajectory and then start the process.



2 SYSTEM DESCRIPTION

The test bench consists of two-axes (Xy plane) support powered by two 3phase stepping
engines with incremental encoders, engine control unit controlled from PC by serial cable
(both from BERGER-LAHR), piezoelectric pressure sensor mounted on the end of the shorter
axis, charge amplifier for the sensor - also controlled from PC by serial cable (both from
KISTLER), and PC with two PCI data acquisition cards (from National Instruments - NI) -
analog input NI PCI-6034E card for acquiring the voltage output from Kistler charge
amplifier and counter-timer NI PCI-6601 card for measuring the support position indicated by
incremental encoders.
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3 SOFTWARE

The control software for the test bench is completely created in LabVIEW 7.0 [2], a



graphic programming environment from National Instruments. The block scheme of the
program is on the figure 5.
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Fig. 5: Program block scheme

3.1 BERGER-LAHR ENGINE CONTROL UNIT DRIVER FOR LABVIEW

For controlling the engine control unit, it was necessary to understand the Berger-Lahr
communication protocol [3] and implement it into the LabVIEW - to create the engine control
unit driver for LabVIEW.

3.2 KISTLER CHARGE AMPLIFIER DRIVER FOR LABVIEW

The Kistler Company has created the charge amplifier driver for LabVIEW,
unfortunately the driver works correctly only with older LabVIEW versions. Therefore, it was
necessary to adapt this driver to work also with 7.0 version using the communication protocol
description in [4].

3.3 DATABASE COMMUNICATION INTERFACE

The measurement data are stored in text files but the measurement results and settings
are stored in the database (MS Access format), so the program contains the database
communication interface (created using NI Database Connectivity Toolset v 1.0.1) to perform
this task.

3.4 MEASUREMENT CONTROL

This part is responsible for maintaining the communication with the engine control unit,
the charge amplifier and database during measurement and in measurement preparation phase.
It also controls the support movement trajectory (there are four different types of movement
trajectories implemented).



3.5 DATA ACQUISITION SUBROUTINE

The data acquisition subroutine reads position from incremental encoders and voltage
from Kistler charge amplifier. The voltage is converted to the pressure and all values are
saved into text files on the hard disc. For communication with both data acquisition cards, NI
DAQmx drivers are used.

3.6 DATA ANALYSIS

The acquired data must be passed through the data analysis block to compute following
spray parameters: total force [N], average maximal impact = mean value of maximal
pressures found in all measurement lines [mN/mm?], spray angle [°], spray width [mm] and
spray depth [mm]. In this part, two 3D graphs representing the pressure distribution in the
spray are also drawn onto the main panel together with one 2D graph showing maximal and
average impacts in the spray (see figure 6).
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Fig. 6: Program main screen - measurement results

3.7 USER INTERFACE

User interface block maintains all communication with user contains windows for
measurement settings (velocities, start and stop positions, trajectory, other settings), charge
amplifier settings, database manipulation, analysis settings, print window etc.

4 CONCLUSION

The system was successfully tested on several Lechler cooling nozzles including air
mist nozzles and was recently transferred to Lechler nozzle testing laboratory in Metzingen,
Germany to perform more tests and finally to replace their old version of the test bench. I am
currently awaiting their comments and I am ready to make necessary modifications.



The measurement repeatability cannot be determined easily because the spray is not
stationary in time. Each measurement of the same nozzle under the same conditions gives
slightly different results, the approximate difference is not higher than 5 %. There are several
factors influencing the results of the measurement, especially the threshold level used to
eliminate all samples smaller than user defined value (fraction of the max value in the
measurement).

The results are corresponding to the values obtained by the older test bench (smaller
measurement area, no position information, only static measurement, tensometric sensor
principle). Figure 8 shows the maximal impact curve, water distribution and HTC (heat
transfer coefficient - under and above Leidenfrost point) of one measurement. The correlation
between the water distribution and maximal impact is evident, the correlation between the
maximal impact curve and HTC has to be found.
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Fig. 7: 2D graph showing maximal impact, water distribution and HTC
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