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[bookmark: _Toc530422670]Introduction 

[bookmark: _Hlk529012443]Flamgard-Calidair offer a product that is installed into ventilation systems to prevent the passage of fire and/or smoke protecting adjacent spaces. As per requirement these are tested compliant to EN1366-2 Fire Resistant to E (Integrity) S (Smoke) and I (Insulation) from 30 to 120 minutes (Building Research Establishment, 2005). However, if there are any variations to the original design a new fire test must be conducted to ensure the integrity of the damper and to receive certification. This process however, is expensive and on average can cost 20,00 British Pound Sterling (GBP) and being an outsourced service is subject to availability. Therefore, any failure can have repercussions both on profit made and delaying delivery date of the product as there may not be another test slot for available months. The proposed research will explore implementing a risk management strategy by designing a simulation that utilises previous test reports. The simulation will go through a process of verification where the author will use the “CORREL” worksheet function in Excel to calculate the correlation between the simulated results and the data provided on the test reports. Thus, confirming the simulation’s accuracy and giving the user confidence in results obtained. 
[bookmark: _Toc530422671]Project Title/Aim

Flamgard-Calidair offer clients fire and/or smoke safe dampers installed into ventilation systems ensuring the containment of an emergency situation and protecting adjacent rooms. Due to the nature of the function and importance of the design it must be certified by an accredited body (Building Research Establishment, 2005). The testing process has a high cost at an average of 20,00 British Pound Sterling (GBP) therefore, any issues in the design that result in the failure of a test can have a serious impact on the profit made on the project. Furthermore, the testing is not preformed “in house” it is outsourced to an accredited company. This presents more challenges in the event of a test failure as during a busy period there may not be the possibility of an immediate/quick re-test as they will have other clients who will be allocated slots. This puts a delay on the project and can potentially cause the delivery date to be missed. Therefore, the aim of this project is to design and implement a Computational Fluid Dynamics (CFD) simulation using a software called SolidWorks. The result of this study will be valuable to the industry as the organisation will be able to preform risk analysis on any changes in standard designs to minimise finical impact of a re-test and reduce the time that will be lost in re-design and scheduling another test.        
[bookmark: _Toc530422672]Background and Rationale

When creating new designs, the organization runs the risk of compromising the integrity and function of the product. However, this is a way of minimizing the negative outcome while simultaneously maximizing positive outcomes (Hopkin, 2013). This is known as risk management (RM) and contains a process of identification and analysis to attempt to control all existing risks, whether they are positive or negative (Meyer AND Reniers, 2013). Therefore, the author proposes using a SolidWorks CFD simulation to identify the effect the changes have had on the original design, as the failure of a fire test can result in financial and time loss. Hence, this simulation it is important to identify potential failures early on so the user can carry out corrective measures (Franca AND Travassos, 2016). However, the simulation will also have a second function. In current industrial practice RM is primarily focused on negative risks such as avoiding loss, thus the author further suggests the simulation will allow the organization to identify over-engineering beyond a reasonable factor of safety and optimize the value of the product (Rohaninejad AND Bagherpour, 2011). 
The author decided on using on the CFD package within SolidWorks as it can simulate gas and liquid flow in real-world settings, efficiently analysing the effects of fluid flow and heat transfer on immersed or surrounding components (SolidWorks, 2018). CFD is the discipline of science dedicated to predicting fluid flow, heat transfer and other associated phenomena by solving mathematical models that govern these processes using a numerical process (Versteeg AND Malalasekera, 2007). By using this software, engineers can ensure that their products will comply within a given standard or customer specifications during the preliminary design period potentially accelerating the product development process. Thus, improving the cost efficiency of the organisation by avoiding time loss in re-designing after a discovered fault. Furthermore, this method also boast’s reduced costs by not needing to create a physical prototype and expensive testing equipment (Rojas-Sola et al., 2016). Due to these advantages CFD has become a widely recognised tool for the design and optimisation of new and existing products across multiple industries (Dhotre et al., 2012). However, there is once important aspect to consider. The testing carried out by CFD packages as previously mentioned are mathematical predictions and unlike physical testing the results are not 100% accurate, as they depend on the parameters set and modelling done by the individual using the program. Consequently, because of the impact that modelling and simulation predictions can have, the reliability of the simulations results can be of concern to project managers and those affected by the choices that are founded on these predictions (Oberkampf AND Trucano, 2002). Therefore, before the completion of testing a process called verification can be carried out for improving user confidence. The objective of verification is to ensure the precision of the of the numerical solution of the computational model by comparing the results of the simulation to the results of a reference solution. For example, using documentation of previous tests carried out by Flamgard-Calidair as reference data thus enabling the author to evaluate the consistence of results (Suard et al., 2011). By applying the numerical solutions methodology to problems for which the answer is accurately accredited, the user then has a benchmark for assessing the algorithms and their implementation (Grace AND Taghipour, 2003). 
[bookmark: _Toc530422673]Objectives

The author aims to complete the project using Doran’s (1981) Specific, Measurable, Assignable, Realistic and Time-related (SMART) method for writing effective goals.  These goals include:
· Compiling previous test papers from Flamgard-Calidair archives and summarising results into an excel spreadsheet for ease of access and to make viewing the data easier, this objective should be completed within 2 weeks.
· After examining test data select 3 tests that will be used in the verification stage and create a 3D model of the dampers involved using SolidWorks ensuring correct material and components are involved. This should be completed within 4 weeks after previous step.
· Research using the Building Research Establishment and the completed spreadsheet how the fire tests were carried out and replicate the parameters within the CFD simulation, ensuing furnace designs, temperature and time is the same. This should be completed within 4 weeks after previous step.     
· Carry out simulation using the 3D models and document the results of the simulations in a new spreadsheet for ease of comparison and validation. This should be completed within 6 weeks after previous step.  
· Start with the data validation by comparing the existing test data with the new data gathered from the simulation and begin a similarity calculation and ensure accuracy is within 5%. If not repeat from step 2 re-examine if any errors have been made in models or within the simulation parameters. This should be completed within 4 weeks after previous step
[bookmark: _Toc530422674]Methodology 

As this project is aimed to create an accurate fire test simulation and the most effective way to validate the simulation is through known experimental data. It was decided that the optimal method was a review of the quantitative data (specifically the blade leakage) previously carried out in the “real-world” test compared with the author’s simulated model. A quantitative method was selected as this research methods aim to find correlations between information characterised in a numerical form therefore allowing the user to present the data in a way that is easy to analyse, thus making conclusions easily accessible (Bilgin, 2017). Statistical analysis will be required as to validate the simulation the author will need to examine whether there are substantial variances between the experimental and simulated data thus ensuring the simulation accuracy is within 10% instilling user confidence (Borrego et al., 2009). 
[bookmark: _Toc530422675]Data Collection Method

This study involved the analysis of data recorded from a test report on the performance of a Flamgard-Calidair damper compiled from a testing facility. The test includes a fan maintaining a constant velocity of 0.5m/s and once the furnace has started it will follow a fire test curve outlined in either ISO 834-1 or EN 1363-1. 
[image: ]
Following the start of the furnace the damper shuts and the leakage is recorded after 5 minutes until the end of test, the pressure is normally maintained at 300 pascals. The integrity of the joints and blades between are regularly assessed for gaps. 
[image: ]
However, to validate the simulation the author will utilise the results of the real-world test’s, so the values will need to be documented in an excel document. This program was chosen as excel is a flexible database program which is easy to use and readily available (Wong AND Barford, 2010). Furthermore, if the author decides to carry out any future analysis excel files can be transferred into other programs for advanced statistical analyses (Kupzyk AND Cohen, 2015). Once the author has completed the previous steps and begins running simulations on selected models the pressure drop will be analysed and recorded on the same spreadsheet as the real-world tests for analysis.   
[bookmark: _Toc530422676]Data Analysis 

The data for the quantitative approach was analysed using excel as a statistical analysis tool. More specifically, the “CORREL” worksheet function to calculate the correlation between two measurable variables. The Correlation analysis tool is mainly useful when there are more than two variables for N subjects, in this case the blade leakage in the dampers. It will then provide a correlation matrix that’s shows the value of correlation applied to each of tests and subsequent simulation data. More specifically the author proposes the use of the Pearson Correlation Coefficient to plot the values of the rate of the blade leakage indicated within the tests and given by simulation on a scatter graph, this method of data correlation testing determines the strength and direction of an alleged linear relationship between two variables which may have independent units of measurement (Grech, 2018). The Pearson correlation coefficient, r, can take a series of values from +1 to -1 where a value of 0 indicates that there is no association amongst the two data sets. The stronger the association of the data sets, r, will be to either +1 or -1 dependent on the relationship being positive or negative. The author is looking for a minimum deviation of 10% so r = 0.9.  
[bookmark: _Toc530422677]Resource Requirements

The main areas to consider in terms of the resources required when creating and implementing simulations are as follows:
· Software – The majority of simulation software will have an initial cost for the package and an additional cost for a yearly maintenance contract with upgrades and telephone support. For this project the package selected is Solidworks. Specifically, the premium package will be required as it will include the simulation package the author requires but has a cost of $7995 with an annual maintenance fee of $1995. It is important to ensure that the latest version of the software is in place, as changes in the functionality in the software will reduce the amount of user development time required.
· Hardware – The author will require a dedicated computer to develop the simulation before it can be implemented across the company. Costs for an appropriate computer should be included and the hardware specification should match the indicated requirements on the Solidworks website.
· Training – Initial training in Solidworks simulation will speed future software development. Training in both modelling techniques and best practices in defining simulation constraints and parameters will enable a more efficient simulation designs and may increase accuracy.
· [bookmark: _GoBack]Time – This aspect will be the most expensive of the simulation implementation and potentially can be difficult to predict, particularly if the designer is involved in other projects. The development time required will be contingent on the experience of the person in modelling damper components, the complexity of the simulation and the number of studies that will be required for proper validation. Time estimated should also consider the cost of the designer’s time used for data collection and proper documentation. 

[bookmark: _Toc530422678]Constraints

Many projects start with ideas, investments and great efforts. However, a major factor in their success or failure is the lack of understanding or defining a project scope before it begins (Mirza et al., 2013). A properly defined and managed scope leads to delivering a quality product, in agreed cost and within stated timetables to the stake-holders (Tomczyk, 2006). For example, in this project a simulation to predict the results of a fire test is required, by ensuring a damper can retain a pressure of 300 Pascals and has no leakage due to excess deformation in the construction. To ensure the scope is adhered to and to minimise the possibility of scope creep the author has included a Work Break down Structure (WBS) in the appendix (APPENDIX 1).  A WBS is about breaking down project deliverables and relevant work into manageable components that can be effectively measured, it also helps stakeholders and relevant personnel understand the project precisely (Zecheru AND Olaru, 2016).                                                                                   Another important constraint of this project is the quality. The purpose of quality is to ensure the project meets the needs of its intended purpose (Nokes AND Kelly, 2007). In this case the simulation will be expected to aid designers when completed new designs and reduce costs and risk across the business. The simulation results are required to have a reasonable degree of commonality to real-world tests to ensure the users confidence in their design, and director confidence in approving testing cost and resource allocation for companywide destitution. Without this assurance of quality, the simulation will add time onto the project with no perceived benefits making it an impractical step. 

[bookmark: _Toc530422679]Potential Problems

One potential problem the author has identified is a “scope creep”, this is when a project original goals expand while the project is in progress. More specifically there can be a subtle process where the project manager starts with a small adjustment and can end up resulting in extended completion date or can fail a project before it begins (Kuprenas AND Nasr, 2003). The Author believes this will be issue as the simulation program has multiple functions enabling more detailed analysis such drop tests and optimization analysis. Therefore, there is the potential for over development and increasing the complexity of the simulations by expecting it to complete multiple tasks. This presents a challenge when using the simulation as a user may not know the correct procedure for each test and use the wrong testing method thus giving an inaccurate result (Cheng et al., 2002). However, this concept can be useful to an extent as it may highlight these additional features and provide potential for future work using the initial simulation as a reference model.
Furthermore, the author acknowledges that a complex CFD simulation may require significant computing power to carry out and some companies may lack the necessary resources. It is recommended to have a computer with 32GB of RAM However, it is important to note that this is not to decrease the length of time taken to preform studies but to ensure, the user does not run out of memory in the middle of the simulation. Additionally, a computer with multiple cores will be required, as the clock frequency of the processor, which governs the speed of it, cannot be surpassed beyond a given limit. A multicore processor can operate simultaneously on tasks than the single core. Therefore, at the same clock frequency, the multicore processor will process more data than the single core processor enabling quicker results on simulations (Sethi AND Kushwah, 2015). If a company lack the necessary computing power or is limited to a single user’s computer, it will prevent designers from working effectively.

[bookmark: _Toc530422680]Conclusion

In conclusion the author aims upon completion of this project Flamgard-Calidair will have a means to preform preliminary testing on any new product designs or modification to existing products. The need for this simulation was highlighted as the author indicated the failure of a fire test can have significant impact on profit made and delivery time of projects. Therefore, an element of risk management was needed to identify any structural weaknesses early in the design stage. The author planned to design this simulation using previous dampers that had been submitted to testing in the real world and had physical data, this can be used later for validation by re-modelling them into Solidworks and re-creating the tests and documenting simulation results. These simulation results will then be compared with the physical data by using the excel function “CORREL” to determine the similarity of the data (r=0.9) so it can confidently be implemented into standard design practice. However, the author has recognised the potential for scope creep has taken steps to ensure the project scope is followed by creating a list of SMART objectives and a WBS ensuring all are clear on the projects intended purpose.  
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[bookmark: _Toc530422682]Appendix 1 – Work Breakdown Structure 
	Fire Test Simulation


Data Collection

Review /Implementation
Data Analysis
Simulation Trial
Simulation Design
Modelling Stage


Once all tests are confirmed to be within acceptable range. Review process map to implement into design stage. 
Run “CORELL” function to determine similarity
Run Simulation of 5 modelled dampers  
Review reports on how simulation was carried out  
Using reference on test reports recreate original dampers  
Gather Previous test reports 



Select 5 tests to use for validation 

Plot scatter graph for better visibility of results 
Document results in same excel sheet as real-world tests  
Ensure furnace design correct and constraints accurate to report  
Ensure designs and materials are correct to report  
Document selected tests in excel documents 




Ensure test is set to match outlined temperature curve  
Ensure designers equipment is up to date to accommodate for process change 
Ensure there is a minimum correlation of 10% (r=0.9, -0.9) 
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