Application Note

FESTO

Reduction of the heat input of media-
separated valves into the flowing fluid

The heating of a media-separated valve can affect the fluid flow- VYKA
ing through it in various ways. It is important to note that the VYKC
exact effect of heating on the flowing fluid depends on various
factors, including the specific design of the valve, the fluid used
and the operating conditions.

This application note covers the following topics:

= Whyis it important in laboratory automation to mini-
mize the heat input into fluids through valves?

=  What factors in the design of a valve unit influence the
heat input?
»  How high is the heat input of valves from different

manufacturers at different flow rates and how do Festo
valves compare?

=  What measures can be taken to effectively reduce the
heat input of valves in fluids?
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Copyright Notice

This documentation is the intellectual property of Festo SE & Co. KG, which also has the exclusive copyright. Any
modification of the content, duplication or reprinting of this documentation as well as distribution to third par-
ties can only be made with the express consent of Festo SE & Co. KG.

Festo SE & Co KG reserves the right to make modifications to this document in whole or in part. All brand and
product names are trademarks or registered trademarks of their respective owners.

Legal Notice
Hardware, software, operating systems and drivers may only be used for the applications described and only in
conjunction with components recommended by Festo SE & Co. KG.

Festo SE & Co. KG does not accept any liability for damages arising from the use of any incorrect or incomplete
information contained in this documentation or any information missing therefrom.

Defects resulting from the improper handling of devices and modules are excluded from the warranty.

The data and information specified in this document should not be used for the implementation of safety func-
tions relating to the protection of personnel and machinery.

No liability is accepted for claims for damages arising from a failure or functional defect. In other respects, the
regulations with regard to liability from the terms and conditions of delivery, payment and use of software of
Festo SE & Co. KG, which can be found at www.festo.com and can be supplied on request, shall apply.

All data contained in this document do not represent guaranteed specifications, particularly with regard to func-
tionality, condition or quality, in the legal sense.

The information in this document serves only as basic information for the implementation of a specific, hypo-
thetical application and is in no way intended as a substitute for the operating instructions of the respective
manufacturers and the design and testing of the respective application by the user.

The operating instructions for Festo products can be found at www.festo.com .

Users of this document (application note) must verify that all functions described here also work correctly in the
application. By reading this document and adhering to the specifications contained therein, users are also solely
responsible for their own application.

© (Festo SE & CO. KG, D-73726 Esslingen, 2024)
Internet:  http://www.festo.com
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The challenge of heat input in laboratory automation

1 The challenge of heat input in laboratory automation

For reliable results in laboratory automation, liquid handling systems should have as little influence as possible
on the fluid flowing through them. One possible disruptive factor is the introduction of heat into the medium
through the valve, which is usually actuated electromagnetically. In medical diagnostics, there are many liquids
that react sensitively to heating:

= Denaturation of proteins in blood can occur, which impairs the quality of blood samples and the reliabil-
ity of diagnostic tests.

=  With many reagents, an increase in temperature leads to reduced stability and effectiveness, which can
result in incorrect test results.

= Enzymes are denatured by excessive heating, which reduces or completely deactivates their catalytic
activity.

= In addition, temperature-sensitive solutions and buffers are often used, which can change their chemi-
cal composition or pH value - with negative effects on the accuracy of the tests.

It is therefore important to design and operate valve units in such a way that the heat input into the fluid is re-
duced to a minimum. Simulations were first used to investigate which factors in the design of a valve unit influ-
ence heating.

In the second step, these simulation results were verified using practical tests and a comparison with market
competitors was made..
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Simulation with the media-separated solenoid valve VYKA

2 Simulation with the media-separated solenoid valve VYKA

The simulation was carried out with the VYKA solenoid valve in conjunction with a directly mounted VAVE control
electronics unit, screwed onto a manifold block.

Temperature (C)
>60

=52.3
—446

=368

[llustration 1: Heat input through the control electronics into the system

These are the most important findings of the simulation:

» The heat input into the fluid strongly depends on the flow rate.

= The design of the valve and the manifold block have a decisive influence on the heat input - from the ar-
rangement of the components to the choice of materials and the design of the fluid channels.

= Alarge proportion of the heat is generated in the control electronics and reaches the manifold block,
and therefore the fluid flowing through it, primarily via the screw connection.

» The heat input of the valve into the flowing medium is extremely low. In the example shown, the perma-
nent energization of the valve VYKA (100% ED) at a flow rate of only 1 ml/min leads to a temporary in-
crease in the medium temperature of only 0.5 °C.

With the following measures it is possible to optimize the heat input:

= Decentralized placement of the control electronics could significantly reduce heat generation. The VYKA
solenoid valve offers this option via a simple NEBV connection line in combination with a VAEM valve
control module.

= The heat input into the manifold block and the fluid could be further reduced if thermal coupling via the
screw joint can be prevented.
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Simulation with the media-separated solenoid valve VYKA

More information on heating the valve with the different control alternatives at different switching frequencies
can be found in the Festo Support Portal in the Expert knowledge section.

Application Note
VYKA extended application information

e Description of application test results and technical features of the VYKA valve that are not includ-
ed in the regular datasheet values.

Te ature (C)
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[llustration 2: Temperature gradient in the fluid at a flow rate of 0,5 ml/min.
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Tests with valves from Festo and other manufacturers

3 Tests with valves from Festo and other manufacturers

The next step involved experimental tests on heat input into fluids at different flow rates with various Festo
valves and comparable products from other manufacturers.

These are the most important results of the tests:

= The series of measurements carried out with various valves confirmed the simulation results.

= The heat input through the valve into the flowing medium depends on the flow rate. As a general rule,
the higher the flow rate, the lower the temperature rise. The heat input is greatest when the fluid is at a
standstill or at very low flow rates. It decreases exponentially with the flow rate - up to the point at
which no more heat input can be measured.

= The performance of Festo valves is generally superior to that of products from other manufacturers.
This applies in particular to the VYKA solenoid valve. Even at extremely low flow rates of just 1 ml/min,
local temperature increases remain limited to below 1 °C.

10

9 ——\/YKA - with VAEM
VYKA - with E-Box
8 VYKC

—e—Competitor A

Temperature Difference [°C]

Competitor B
Competitor C
6
5
4
3
2
1 \
S~
k — e ———
0 %
0 1 2 3 4 5 6 7 8 9 10

Flow rate [ml/min

There are specific reasons for the very low heat input of VYKA:

= The media-separated valve VYKA has been designed for very low power consumption and the best pos-
sible dissipation of thermal losses into the environment.

= The power consumption is further reduced by the holding current reduction integrated in the Electrical
connection plate VAVE. After switching the valve, the system switches to a lower holding current, which
is sufficient to hold the valve in the actuated position. This reduces heat generation and electrical con-
sumption to a minimum.

= In addition, the heat input into the medium can be further reduced if the control electronics are posi-
tioned decentrally. Thanks to the modular valve design, this is possible via a connecting cable NEBV in
combination with the valve control module VAEM. In this way, a large part of the power loss associated
with the electrical control is generated away from the fluid flow.
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Recommendations for a heat-optimized valve design

4 Recommendations for a heat-optimized valve design

Clear recommendations for the heat-optimized design of a valve unit can be derived from the results of the simu-
lation and the tests:

1. Pay attention to the following points when selecting the valve:

a. avalve design that requires low energy consumption for actuation and is optimized for the dis-
sipation of thermal energy into the environment

b. aholding current reduction to minimize the power consumption after switching the valve
c. the option of decentralizing the control electronics

2. Select a material with good thermal conductivity for the manifold block and design the fluid channels to
optimize temperature equalization with the environment.

3. lIdeally, assemble the valves to the sub-base using thermal insulators.
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Technical Appendix

A Technical Appendix

A.1 Control options VYKA

9 Note

The solenoid valve VYKA is controlled by means of a constant current source. It is essential to reduce
the holding current, otherwise the valve will heat up considerably. A holding current reduction can be
achieved as follows:

When using the Electrical connection plate
VAVE, holding current reduction is inte-
grated (recommended).

When using the connecting cable NEBV, a
separate holding current reduction must
be provided by the customer.

The valve control module VAEM with the
connecting cable NEBV (recommended) of-
fers the option of actuation with holding
current reduction.
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