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Summary of Conceptual Approach

1.1 Theoretical Approach

The model calculates the required power and air flow of the HVAC systems of a ship, given the requirements for the indoor climate and a description of the internal spaces of the ship. 

The adopted approach for the calculation of the thermal loads follows the specifications presented in ISO 7547 [1]. The accommodation spaces of the ship are divided into groups, which are served by individual HVAC systems.  For each system the user gives the required indoor temperature and humidity for winter and summer conditions, which must be in accordance to the comfort criteria, (see, for example, [4]), the required ventilation, the estimated infiltration and exhaust air flows, as well as the supplied air temperature and air flow.

Given the heat transfer coefficients for each space, the calculation of the thermal loads is then straightforward, following the simplified formulas and psychrometric calculations presented in [2] and [3]. The required power of the units is then computed and compared against the user supplied values.

1.2 General Steps

The model should be used as follows:

· In 'System Data' worksheet, give the general parameters for the design of the HVAC system and the properties of the individual HVAC systems.

·  In the 'Room data', input the values for the heat transfer coefficients and the room parameters for each individual accommodation space.

· After this, go back to the worksheet ‘System Data’, press the ‘Compute system loads’ button and then watch the results in the last worksheet ‘System Loads’.

· Change the design values of each HVAC system in worksheet ‘System Data’, if the results are not satisfactory.

1.3 Architecture of the Program

The indoor climate model has been implemented in the Excel file S@S_WP2_indoor_climate_model_v1_00.xls and coded in Visual Basic. The file contains three worksheets:

· System Data: where the analysis parameters and the data for each HVAC system are given

· Room Data: where the specific parameters describing each accommodation space are given by the user

·  System Loads: where the capacities of the HVAC systems described in worksheet ‘System Data’, necessary to serve the spaces described in worksheet ‘Room Data’ are presented, based on the calculations of the program.  

The values in the last worksheet are updated each time the button ‘Compute System Loads’ pressed: the appropriate macro is called, which reads the data of the analysis in the first two worksheets and writes the results in the third one.

2. Installing the program

The excel workbook ‘S@S_WP2_indoor_climate_v1_00.xls’ can be stored in any folder. No additional programs/ files are required .
3. Entering Inputs

The necessary data for the estimation of the required capacity of the HVAC systems of the vessel, following the general approaches described in [1-3], are given in the first two worksheets of the excel workbook: 

3.1 Worksheet ‘System data’

Worksheet ‘System Data’ contains the general parameters for the design of  the air conditioning system and the data of each HVAC unit.  The user must specify in the first table the outdoor and indoor conditions (dry bulb temperatures and relative humidity)  for the winter and summer season. Typical values, proposed in [1], are –10 and 35 (C for winter and summer, and 70% summer relative humidity. 

The values for the sensible and latent people heat emission should be given next. Typical values are 70 and 50 Watts correspondingly (people in seating condition).

The user must fill then, in the table for the HVAC systems, the values for the indoor temperature and humidity, supplied air temperature, infiltration, ventilation and exhaust air flow. If a large value is specified for the exhaust air flow, the infiltration is internally adjusted by the program during the calculations, in order to balance the difference between ventilation and exhaust air flows.

There is a choice for the user to specify, if winter humidification will take place or not.

After the values of the summer air flows, the user should give the increase in the supplied air temperature due to the duct work.

In the last column of the table the user should specify the available air flow of each HVAC system.

3.2 Worksheet ‘Room Data’ 

In this worksheet the user must give the parameters for the description of each individual room / accommodation space of the ship, served by the systems entered in the worksheet ‘System Data’

Each room/space must be described in a separate line. In the 2nd column a name describing the space must be given. 

Next to the above, the number indicating the system which serves the space must be entered. This is the number of the system presented in the first column of the worksheet ‘System Data’. It is evident that the system number  must correspond to a system already described in that worksheet, otherwise the program stops with a message.

The volume of the space (in m3) and the number of persons are given next.

Following to the above, the sensible and the latent gain due to any source inside the room, other than the loads due to the people, (for example due to the lighting apparatuses) must be given in Watts. It should be emphasized that the thermal loads caused by the people heat emission  must not be included in the above loads. These are calculated on the basis of the number of the people and the corresponding coefficients given in the worksheet ‘System Data’. 

After the above, a group of parameters is repeated for the six surfaces of each room, which is considered as a  volume with six surfaces. Following the procedure described in ISO 7547 [1], values for the following parameters must be given for each surface, where applicable:

Av
is the surface area, in square meters, excluding any side scuttles and rectangular windows. 

Kv
is the total heat transfer coefficient (in W/m2 (K) for the surface Av. Typical values of this parameter and the general procedure for calculation for the case of specific combination of various insulating materials are given in [1]. 

Ag
is the area of side scuttles and rectangular windows.

Kg
the total heat transfer coefficient for the above area.

DTw 
Winter temperature difference. If the surface considered is exposed to the outdoor air, this is simply the  difference between the indoor temperature and the outdoor one. For temperature differences between air conditioned and non air conditioned spaces, see [1].  

DTs
Summer temperature difference (outdoor minus indoor). 

DT2 is the excess temperature (above the outside temperature) caused by solar radiation on the exposed surfaces. Specific values are presented in [1], depending on  the orientation of the surface and its colour.

Gs 
is the heat gain per square meter for glass surfaces exposed to solar radiation.

The aforementioned set of parameters must be repeated for each of the surface of the space. 

4. Running the program

Once all input data have been entered in worksheets ‘System Data’ and ‘Room data’ as described in the previous section, go to the ‘System data’ worksheet and press the ‘Click to calculate System Loads’ button.

Once the calculation is completed, the thermal loads for each system are presented in worksheet ‘System Loads’.  

The duration of a calculation is approximately 3 seconds on a Pentium IV computer.

5. Understanding the outputs

The output of the calculations are presented in worksheet ‘System Loads’. For each HVAC system the calculated sensible, latent and total loads are presented. The contribution of each space to the above values are also given, together with the values for infiltration, ventilation and winter humidification.

Based on the above values and the indoor temperatures specified in worksheet ‘System Data’, the required air flow for each system is presented, calculated as the maximum of winter and summer values. This value is compared against the value for the air flow given in  worksheet ‘System data’ for each HVAC system in the last column of the ‘System Loads’ worksheet. If the value is lower than unit, the specified capacity of the HVAC system is considered adequate. It is evident that the power of each system must also be compared against the results presented in this worksheet.

The calculation of the adopted air changes per hour for each system are also presented, as a measure of the achieved ventilation of the spaces.   

6. Troubleshooting

No reported problem so far. 
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