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1. Project Execution 

Project Objectives

Flat evacuated insulation elements are already an established product. They also may be bent to a cylindrical form. Without the possibility to fit such vacuum insulations to curved pipes and other doubly curvilinear plant components, however, little advantage accrues from the use of these extremely insulating elements. General objective of the project therefore was the development and refinement of methods, processes and machinery to manufacture and maintain complex vacuum insulation panels in a way that will facilitate their use in industrial applications, preferably for cold service equipment. This implies the development of methods that allows manufacturing of segments of doubly curved shape and also methods of on-site repair or exchange of damaged segments. Furthermore, a major task of the research was the minimizing of heat losses at  gaps and joints and especially the limitation of performance deterioration during service time.

Contractors Involved

The consortium consisted of four small and medium enterprises from Germany (va-Q-tec AG and Foiltec GmbH), Poland (Prodak Kosmetik Spolka z.o.o.) and Hungary (BC-Contract KFT), one large developer and distributor of insulation technology from Germany (KAEFER Isoliertechnik GmbH & Co.KG) and two universities from the Netherlands (Technical University of Delft, TUD) and Germany (University of Würzburg, UNIWUE). Coordinator of the consortium with seven members was va-Q-tec AG. The SME va-Q-tec manufactures and distributes vacuum insulation panels for a wide area of applications. Foiltec is in the business of realization of mainly transparent foils for roofs and an expert for complex foil structures. SMEs Prodak and BC-Contract together with the company KAEFER are service providers in the range of construction, installation and maintenance of industrial plants on site. They are users of the developed vacuum insulation product. The basic research within the consortium was conducted by the two universities. 

Work Performed and End Results

To optimise the thermal performance of vacuum insulated pipe systems, finite element (FE) calculations on thermal and mechanical properties were performed by UNIWUE. In Fig. 1 as an example the results of calculating the displacement of the cover foils of bent vacuum panels due to thermal contraction is depicted.  The mechanical and gas barrier properties of high barrier films - also as function of temperature - were investigated intensively by TUD and va-Q-tec. As a consequence, the gas and water vapour barrier of metallised films could be improved by using a special technique, which was developed by va-Q-tec. Several core materials for the vacuum panels were examined for their usability and the most advantageous materials selected. With test facilities installed at TUD and UNIWUE it could be proved that vacuum insulations with appropriate films can be applied to temperatures down to -160 °C without severe deterioration.

At va-Q-tec manufacturing facilities for producing cylindrical vacuum insulations were established. Foiltec developed more complex forms with doubly curved shapes and established adequate manufacturing procedures. Foiltec could demonstrate successfully that the manufacturing of vacuum insulated complex shapes e.g. pipe elbows or T-pieces is possible. An example is shown in Fig. 2. The art of obtaining the desired shape lies in highly precise calculations of the cutting of the core material, which subsequently leads to the exact shapes required.

Furthermore, procedures for repairing damaged panels on construction site were established by va-Q-tec and Foiltec.

KAEFER conceived and built an experimental equipment on which the vacuum insulation could be installed and tested under near-reality conditions. Part of the pipe circuit with installed vacuum panels is depicted in Fig. 3. The pipes were equipped with up to three layers of vacuum insulation manufactured by va-Q-tec and Foiltec, with a thickness of 15 mm each. The pipe system could be cooled down to temperatures of liquid nitrogen. Two test series have been performed successfully at the test facility. Temperatures and heat fluxes were monitored during floating the pipes with cold nitrogen gas. Even under cryogenic conditions of -162 °C it could be demonstrated that the insulation technique exhibited extremely low heat fluxes, thereby permitting a considerable reduction in insulation thickness. The objective of 60 mm instead of 160 mm conventional insulation was actually improved even further. No significant deterioration of the vacuum panels due to the very low temperatures was detected. Further tests of vacuum panel installation were performed by Prodak and BC-Contract.

The total thickness of the vacuum insulation of about 50 mm has the same insulation performance as a conventional polyurethane foam insulation of 160 mm thickness. Thus the overall diameter of an insulated DN200 pipe is reduced from 520 mm to 300 mm, the overall cross section even is reduced by a factor of three. 

The extremely low thermal losses enable substantial savings in amounts of steel and space used in the construction of refrigeration units, both with regard to volume as well as height. 

Evacuated pipe insulations for low temperatures including complex elements now almost are a market ready product. The developments of this project may also be used for other applications of vacuum panels as in buildings, refrigerators or cold boxes.


Fig. 1: Displacement vector sum for the bent segment. Increased displacement (thermal contraction) of the inner foils in relation to outer layers can clearly be seen (University of Wuerzburg)


Fig. 2: Bent vacuum insulation segment (90° knee) with three layers manufactured by Foiltec


Fig. 3: Installation of vacuum insulation panels of cylindrical and various complex shapes in a test facility within a container at KAEFER

Methodologies and approaches employed

A wide range of methods were employed during the project as theoretical finite element calculations performed by University of Wuerzburg, measurements of temperature dependent mechanical properties of foils and seams by TUDelft, measurements of thermal conductivity and gas pressure increase by TUDelft and va-Q-tec, and test of operational heat fluxes and temperatures at the test stand of KAEFER. Furthermore, new manufacturing techniques for three-dimensional shaped vacuum insulations have been established by Foiltec.  On-site tests of the end product were performed by KAEFER, Prodak and BC-Contract. Finally considerable efforts have been invested into market research and dissemination of project results especially by KAEFER, which e.g. produced a short film about the use of vacuum insulation in cold service equipment.

Achievements of the project to the state-of-the-art

It could be demonstrated that complex three-dimensional shapes of vacuum panels, which are necessary for the insulation of pipe systems, can be manufactured and handled. Core materials have been found, which can be integrated in vacuum panels in an easy way, lowering manufacturing costs. Furthermore, procedures for testing vacuum panels could be improved significantly. It is now possible to measure the gas transmission of high barrier films including aluminium foils within some days. Monitoring the quality of installed vacuum panels on site has been improved in such a way that it can be done routinely. 

Impacts of the project on its industry and research sector

The results of the project also have a considerable impact on other application fields like insulations of freezers, buildings and temperature controlled transport boxes. Especially the improved methods for quality monitoring of high barrier films and vacuum panels now are already in use for all products manufactured at va-Q-tec. Improved production methods for vacuum panels also have been found. By lowering production costs these new methods may be used for a wide range of applications and open many new market areas. Further projects have already been planned, which include the new methods and the established research facilities. 

Reference to web site: www.va-q-tec.com
Contact: Dr. Roland Caps, va-Q-tec AG, caps@va-q-tec.com, Tel. +49-931-35942-0

2. Dissemination and use

Section 2 - Dissemination of knowledge

Overview Table

	No.
	Planned/actual date
	Type
	type of audience
	Countries

addressed
	Size of audience
	Partner responsible/involved

	1
	15.6. 05
	Conference
	public, research
	D, CH, A
	100
	va-Q-tec

	2
	27.9. 05
	Conference
	research, industry
	international
	120
	va-Q-tec

	3
	26.2. 05
	Exhibition
	public, industry
	D, CH, A
	500
	va-Q-tec

	4
	23.9. 05
	Exhibition
	public, industry
	D, CH, A
	500
	va-Q-tec

	5
	28.4. 05
	Conference
	industry, investors
	D
	30
	va-Q-tec

	6
	7.12. 05
	Symposium
	industry
	D, A, CH
	100
	va-Q-tec

	7
	04. 06
	ACHEMA fair
	industry
	international
	500
	KAEFER

	8
	Dec 05
	Company Magazine Publication
	industry
	international
	3000
	KAEFER

	9
	Jan 06
	Film/Video
	industry
	international
	500
	KAEFER

	10
	2007
	Conference
	research, industry
	international
	200
	va-Q-tec


No.1: A paper on the possible improvement of life time of VIPs was presented on a conference in Wismar / Germany (VIP-Bau: 2. Fachtagung "Erfahrungen aus der Praxis") by R. Caps, va-Q-tec

No.2: A paper titled "Monitoring Gas Pressure in Vacuum Insulation Panels" was presented at the 7th International Vacuum Insulation Symposium in Duebendorf / Switzerland by R. Caps, va-Q-tec

No.3: Vacuum panels for building insulation and other applications were presented at an exhibition in Böblingen / Germany

No.4: Vacuum panels for building insulation and other applications were presented at an exhibition in Augsburg / Germany

No. 5: Conference on financing of new companies was held in Munich, presentation on experiences with EU-project VACI was given by R. Caps, va-Q-tec

No. 6: During a symposium on high barrier films in Würzburg held by SKZ (Süddeutsches Kunststoffzentrum) in Dec. 2005, a presentation on the gas permeability of high barrier films used for vacuum panels was held by R. Caps, va-Q-tec

No.7: An exhibition at the ACHEMA Fair is planned in 2006 by KAEFER. A model of a vacuum insulated elbow pipe is planned to be exposed together with a film on the installation of vacuum insulation in the test container.

 No. 8: A publication in the company magazine "k-Wert" of KAEFER features the development of the vacuum insulation and the test stand with the vacuum insulated pipes. 
No. 9: A 10 min film for demonstration and presentation of the vacuum insulated pipes in the test container has been produced by KAEFER. It will be shown to customers of KAEFER and especially be used on exhibitions to attract potential customers

No.10: The 8th International Vacuum Insulation Symposium is planned to be held in Würzburg / Germany with contributions from va-Q-tec. 






















PAGE  
8

