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Interim Report of WP1.D

Databases for computer models and test sequences, Harald Drück

In the European Standards EN 12975, EN 12976 and ENV 12977 numerical computer models and mathematical procedures for the determination of certain parameters based on measured data are included. The aim of this subtask is to set up a data base for computer models and measured data (test and verification sequences) in order to validate these models and procedures.

1.D.1: Computer models
It was decided to take the following computer models into account:

Collector:
The equation how the thermal behaviour of a solar collector is described is given in EN 12975. This equation is directly implemented in the collector model from Bengt Perers which is available as TRNSYS Type 132. Hence it is only necessary to deal with this model.

Store:
The basic equations which are necessary to describe the thermal behaviour of a hot water store are in principle given in EN 12977-3. Since there are several ways to implement these equations in a numerical model, different store models are available. The ones considered in this project are:

- TRNSYS Type 60 (Standard TRNSYS Type)

- TRNSYS Type 140 (MULTIPORT store model)

- maybe the model from Simon Furbo

1.D.2: Validation
The validation can be carried out based on two approaches. 

1.D.2.1 Analytical validation:
The analytical validation is performed by a comparison of the results calculated by the model with the results of analytical calculations. Examples of this approach are given in ENV 12977-3, Annex B2 (temperature in the store during stand-by) and ENV 12977-3, Annex B3 (store considered as a heat exchanger)

1.D.2.2 Comparison with measured data:
The validation is performed by a comparison of the results calculated by the model with the results of measurements. If this approach is used, there is the problem that the results of the calculation depend on both, the model itself and the parameters used in combination with the model. Hence it is necessary to perform this validation in the following steps:

- determination of the parameters necessary to describe the thermal behaviour of the specific component. The determination of these parameters has to be performed as described in the standard based on a set of measured test data.
- validation of the model (in combination with the determined parameters) by `re-simulation` of an other set of measured data.

Following this approach allows for a validation of the model and the procedure used for the determination of the parameters. In order to ensure that the parameters determined are not only valid for the data used for the parameter determination it is necessary to use two sets of measured data. One for the determination of the parameters (test sequence) and one for the validation (validation sequence).

However, since the numerical models that are used in combination with the standards are quite complex, a general validation will never be possible.

1.D.2.3 Criteria for acceptance: 

For the comparison of calculated (predicted) results with measured data the following acceptance criteria can be used ('x' indicates a flow loop defined by a pair of corresponding inlet and outlet connection; e. g. collector in- and outlet, store charge loop in- and outlet, store discharge loop in- and outlet):

Difference in transferred energy SYMBOL 101 \f "Symbol"x,Q:
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with:
Qx,p = calculated (predicted) energy [kJ]


Qx,m = measured energy [kJ]

Difference in transferred power:

Every time step during the simulation for each flow loop 'x' the absolute difference between the transferred predicted and measured power SYMBOL 68 \f "Symbol"Px shall be calculated by 
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with:
Px,p = calculated (predicted) power [W]


Px,m = measured power [W]

The mean difference in transferred power [image: image3.wmf]P
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with:
tx,t = transfer time [s]. Time period during which energy is transferred through the corresponding flow loop. The transfer time is calculated over one or more test or verification sequences, excluding time periods used for conditioning at the beginning of the sequences.

The mean transferred power [image: image5.wmf]P

shall be calculated by
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The relative error in transferred power p shall be calculated by 
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1.D.3: Database of test and validation sequences
The database with test and validation sequences shall include the following:
- Description of the component (collector, store, "virtual system")
- Description of the data format
- Test sequences for the determination of the parameters
- Validation sequences for the verification of the determined parameters
- Address of the person responsible for the data

1.D.3.1 Types of stores that should be included in the database
SYMBOL 183 \f "Symbol" \s 10 \h
Store that is charged via two immersed heat exchangers (solar and auxiliary) and that is discharged in a direct way

SYMBOL 183 \f "Symbol" \s 10 \h
Store that is charged by solar energy via a mantel heat exchanger and that is discharged in a direct way

SYMBOL 183 \f "Symbol" \s 10 \h
Store which is charged and discharged in a direct way

1.D.3.2 Types of collectors that should be included in the database
SYMBOL 183 \f "Symbol" \s 10 \h
Flat plate collector with selective coating

SYMBOL 183 \f "Symbol" \s 10 \h
Flat plate collector with none selective coating

SYMBOL 183 \f "Symbol" \s 10 \h
CPC-Collector (CPC = Compound parabolic concentrator)

SYMBOL 183 \f "Symbol" \s 10 \h
Collector with honey comb cover

1.D.4: Deliverables
A CD containing the numerical computer models, test sequences and validation sequences for the different types of stores and collectors. Furthermore data of a "virtual" solar domestic hot water system will be included, which allow for the validation of a system model (such as the DST-model) for a complete solar domestic hot water system.

1.D.5: Time table and further actions
The following table lists the actions agreed upon during the meeting in Athens:

Pos
Action
Person responsible
Due date

1
Delivery of sets with test and validation sequences for stores and collectors according to 1.D.3
all participants of WP 1.D
15/03/02

2
Preparation of an example for Pos 1 and distribution to the participants
H. Drück
S. Fischer
31/01/02

3
Delivery of a set of test and verification sequences for a "virtual" solar domestic hot water system
A. Veenstra
until next 
meeting

4
Documentation of models
H. Drück
S. Fischer
until next 
meeting

5
Analytical validation of models
H. Drück
S. Fischer
until next 
meeting

6
Application of the models and validation procedures on the test and validation sequences
H. Drück
S. Fischer
until next 
meeting

7
Presentation of results
H. Drück
S. Fischer
next meeting

8
Discussion of results and decision about the further procedure
all
next 
meeting

Note: This report includes the decisions made at the Brussels and Athens meeting

H. Drück 17/01/2002
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