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Summary 

The purpose of this project is to study the current HVAC methodology being used in the 

HVDC Siemens projects and determine if is it possible to improve its performance by 

changing its design. In this study, the main tool for analysing HVAC systems are CFD 

Simulations run by the IES-VE Software.  

The objects of study are Converter Halls from HVDC Converter stations, equipped with 

vertical structures containing sets of converter modules, each one with its respective power 

modules. These structures are called “Converter Towers” and due to their heat losses while 

they are operating, they need to be constantly cooled in order to avoid the converter and 

power module surfaces temperature to reach temperatures that could endanger both the 

integrity and correct functioning. The systems used for this purpose are HVAC systems and 

air cooled water chillers. Optimizing the performance of these systems could generate better 

results at a lower price, leading to substantial savings. 

In order to work with consistent and realistic values, a current Siemens project will be taken 

as a reference. 
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1.  Glossary 

1.1. Abbreviations 

Abbreviations Designation 

AC Alternating Current 

ACWC Air Cooled Water Chiller 

AF / AFR Air Flow Rate 

AHU Air Handling Unit 

CAPEX Capital Expenditure 

CFD Computer Fluid Dynamics 

CH Converter Hall 

CT Converter Tower 

DC Direct Current 

FR Flow Rate 

HV High Voltage 

HVAC Heating Ventilation Air Conditioning 

HVDC High Voltage Direct Current 

IES-VE Integrated Environmental Solution – Virtual Environment 

OPEX Operating Expenditure 

TMF “Trabajo Final de Master”, Final master’s project 

VSC Voltage Source Converter 

Table 1 - Abbreviations Table 
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2. Abstract 

2.1. Project origin 

The 15th of February 2017 I started an Internship in Siemens AG. The department that I 

was assigned to was “Mechanical and Electrical Building Services” sub-department of the 

energy management and electrical transmissions. During the 6 months spent in the 

department, I was entrusted with the implementation of new CFD software in order to 

perform fluid analysis on existing and new projects. 

During the learning process, I was able to observe and study the performance of various 

HVAC systems and learn which are the most common problems that need to be solved and 

the critical situations that must be avoided, being able to relate to them thanks to the 

knowledge acquired during my university studies. The company found the results of my 

work to be satisfactory and allowed me to conduct my TFM with them half year later. 

2.2. Motivation 

All the gathered data from my Internship period proved to be useful to the department not 

only to confirm the correct performance of its projects but also to perform long term analysis 

and economic investment predictions, which could led to performance and cost optimization 

proposals related to modifications in the working parameters or changes in the distribution 

of HVAC systems. 

2.3. Previous requirements 

It will be necessary to comprehend the methodology followed by the CFD Software used in 

the department, IES-VE. The software itself will be useful to analyse the performance of 

different HVAC in multiple scenarios, as it will be the main tool to provide evidences to each 

decision and statement. 

“As IES-VE is a software that has been recently introduced in the company, the 

development of a methodology to recreate the geometry and conditions found in a set 

emplacement and project, will be considered as an intrinsic part of the project and included 

in the annex”. 
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3. Introduction 

From a thermal point of view, systems that maintain constant their temperature and 

humidity without any kind of intervention, are something very rare. 

What happens most of the time is that because of external and internal gains the state of 

the system changes constantly. For this reason, it is necessary in some cases to include 

elements that guarantee the stabilization of these variables to a set of desired values. The 

equipment that regulates the thermal conditions of the system is the HVAC. 

When the objects of study are great spaces such as offices, industrial complexes or even 

constructions, like electrical stations (study case) where people work in or contain 

thermosensible elements and equipment, the installation of HVAC systems becomes 

crucial. As a result of this necessity, there are a lot of companies that provide both this 

equipment and HVAC installation. Siemens is a perfect example. Among other sectors, 

Siemens works in the development of energy management projects and that leads to the 

development and implementations of HVAC solutions for each of these projects. 

Conducting a deeper study about the fluid-dynamics of ventilation air both in real and in 

self-designed HVAC models will benefit the company, eventually resulting in new designs 

and technologies. In consequence I have taken charge of this research during the time 

spent in there and have built my project around this matter. 

3.1. Project objectives 

- Performance analysis of HVAC systems in existing projects. (minimum 2) 

- Develop new HVAC systems and study their performance. Compare the results with 

the ones obtained in real projects. 

- Determine potential savings (capex) and long term predictions (opex) for the new 

HVAC systems proposed. 
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4. Siemens 

As it has already been stated in the introduction, the company where this study will be 

conducted is the multinational Siemens. 

Siemens is a global powerhouse positioned along the electrification value chain from power 

generation, transmission and distribution to smart grid solutions and the efficient application 

of electrical energy – as well as in the areas of medical imaging and laboratory diagnostics. 

Today, Siemens has around 377,000 employees in more than 200 countries/regions. They 

operate in production and manufacturing plants worldwide. In addition, we have office 

buildings, warehouses, research and development facilities or sales offices in almost every 

country/region in the world. 

 

Figure 1 - Siemens worldwide presence (www.siemens.com) 

4.1. Siemens Energy Management 

During the last years the energetic demand and the complexity of the energy generation 

mix has been increasing significantly. All predictions point out that the pace of this evolution 

will be more and more demanding in a future. The main reasons for these developments 

are mostly due to: 

- Increasing demand for energy 

- Growing share of intermittent renewable resources 
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- Decrease in conventional power generation 

In order to give answer to this situation Siemens has set the next energy challenges for the 

near future. 

Better grid performance: Grid operators are faced with ever-increasing requirements 

when it comes to grid stability, power quality, and reliability. In times of renewable power 

generation booming and conventional power generation decreasing, they need efficient, 

innovative solutions to keep the transmission system stable and reliable, and to maintain 

the safety and security of the supply at all times. 

Increasing grid complexity: With a multitude of intermittent power generators replacing a 

small number of highly predictable conventional power sources, grid operation has become 

very complex. Not only it involves dealing with thousands of individual players while 

stabilizing the AC grid, but it also means providing transmission capacity – no matter where 

and when it is needed. 

Improved grid access: Another challenge is providing grid access, either for remote 

renewable power generators such as offshore wind farms or for remote load centers like oil 

rigs. In all cases, transmission capacity is crucial for success, which implies providing 

maximum availability, reliability, and flexibility. 

Lowest CAPEX and OPEX: At the same time, customers need competitive solutions over 

the entire lifecycle. Investment budgets are small therefore reduced operating and lifecycle 

costs are imperative. Compact, adaptable and maintenance-friendly solutions are also 

required. 

Flexibility and power quality: In today’s power grids, flexibility and power quality are in 

high demand. HVDC can provide optimum solutions for your specific transmission tasks. 

This requires: 

• Efficient use of HVDC technology with any project-specific adapted voltage rating. 

• An HVDC point-to-point transmission system, which can optionally expand into a 

multi-terminal system with three or more converter stations. 

4.2. HVDC Systems 

An HVDC solution that improves the existing grid infrastructure needs to address the 
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following aspects: 

• Maximum availability. 

• Stabilization of the AC network. 

• Future-oriented, flexible solutions as a response to varying power market 

requirements. 

• Ability to provide grid access of renewable energy sources. 

• Power exchange between interconnected systems and between asynchronous 

grids. 

• Economic, adaptable and compact solutions. 

• Maintenance-friendly, safe and reliable design with comprehensive lifetime service.  
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Figure 2 - Electrical energy transmission schema 

 

HVDC PLUS: In order to provide an answer to the actual market demand as well as its 
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expected future growth in volume and complexity, ensuring an economical power 

transmission and providing controlled power supply to the connected networks Siemens 

has developed HVDC PLUS. 

HVDC PLUS is an advanced, universally applicable solution for power transmission with its 

voltage-sourced converter (VSC) technology HVDC PLUS. The innovative solution offers a 

controlled power supply in any direction and it is ideal as a “firewall” against disturbances 

developing in highly loaded AC grids.  The HVDC PLUS technology is based on the 

trendsetting modular multilevel converters (MMC) and offers numerous technical and 

economic benefits. 

HVDC PLUS is completely appropriate for steady state and dynamic AC voltage control on 

each station in an independent way. Its typical advantages are noticeable when weak AC 

networks are being connected: 

• Low dependency on short-circuit power, voltage and frequency of the AC networks. 

• Reactive power can be generated or consumed independently of active power 

transmission. 

• Unbalanced control for compensation of large single phase loads. 

• During AC transmission network restoration (for example, after a blackout), HVDC PLUS 

can provide system recovery ancillary service (SRAS). 
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Figure 3 - HVDC PLUS description 

 

     

Figure 4 - HVDC PLUS Station schema 
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5. HVAC Systems 

A HVAC System is a technology related to the acclimatization field. HVAC equipment are 

used to provide heating and cooling services to buildings and their main purpose is 

satisfying equipment or people’s requirements with the minimum power consumption 

possible. 

The amount of dissipated/generated heat (𝑄%&''()*+) depends on the temperature (T), 

pressure (p) and mass flow rate (𝑚). 

𝑄%&''()*+ = 𝑚	𝐶0	∆𝑇 = 𝑚	𝐶0	(𝑇*456785 − 𝑇':00;<) = 	𝑚	∆𝐻	

𝐶0 = 1,006 + 𝜔	1,805	

𝐻 = 1,006	𝑇 + 𝜔	(2501 + 1,86	𝑇)	

𝜔 𝑇, 𝑝 =
𝑝'I(𝑇)

𝑝 − 𝑝'I(𝑇)
 

The main elements that integrate an HVAC System are the AHU, the distribution ducts and 

the air recirculation loop. 

• AHU (Air Handling Unit): 

It works as core element of all the HVAC System. Its main functions are regulation 

of the properties of the incoming air flow and also becoming a nexus between the 

main loop (air from outside) and the recirculation loop (recirculated air). 

It is composed of various elements such as fans, heaters, coolers, filters, dampers 

or silencers. 

 

Figure 5 – 3D Model of an AHU 
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Figure 6 – Composition and sizing of a regular AHU. 

• Distribution ducts (main loop): 

As their name suggests they are in charge of the transmission of the air from the 

AHU to the desired entering points. 

 

Figure 7 – Aluminium air ducts. 

• Recirculation loop: 

They allow the transmission of a part of the extracted air again into the AHU. This 

loop works in coordination with the main loop in order to preheat / precool the 

entering outside air and reduce the use of heating and cooling elements. 
 



Design and viability analysis of a new HVAC system  Pag. 13 

 

 

Figure 8 - HVAC recirculation loop 

 

If required 

If required 

AHU unit 
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6. Model identification 

6.1. Case of study & geometry definition 

The study will only consider the Converter Hall, provided that this room/building contains 

the most critical structures in the HVCD PLUS equipment, the converter towers. 

 
Figure 9 - HVDC PLUS Converter Hall 

These so called “converter towers” are an aggrupation of capacitors and power modules 

that are packed together in 6 unit blocks called “six-packs” and stacked (4 six-pack each 

level) forming a “tower” of converters (each one accompanied by its own power module). 

 

Figure 10 - 3 level converter tower 

The life spawn of these elements depends highly on the working conditions. An appropriate 

control of the room conditions in the Converter Hall is crucial in order to extend the 

equipment’s lifetime. 

While they are functioning, both the capacitors and the power modules continuously 
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generate a certain amount of heat, due to thermal losses, 65,5W and 53,58W respectively. 

If we consider a 3 level tower similar to the one in Figure 10, the total heat of losses is 

nearly 9,00kW. 

For confidencialty reasons the previous information has been omitted (……..)  from this 

document. 

The heat dissipation is achieved by a combination of two systems: 

- Water cooling: 

Water cooling is in charge of removing the heat produced by the power and converter 

modules in the converter towers. Water is used as a refrigerant to evacuate the heat 

while operating.  

 

Figure 11 – ACWC pipes installation 

- HVAC system: 

Although water cooling manages most of the heat produced by the CT (nearly 97% of 

efficiency), the installation of HVAC is also necessary to dissipate the remaining heat. 

As it has been explained in chapter “5- HVAC Systems”, there are two different types of 

loops included: Main loops and recirculation loops. Both loops share a common 

element, the AHU, where the thermodynamic properties of the ingoing air (outside air / 

recirculation air) are adjusted to the desired values and injected into the building using 

supply ducts and air grills (figure 13). 



Pag. 16  Memory 

 

            

Figure 12 - Outside air captors                                   Figure 13 - Supply air ducts 

6.2. Project description  

The project ALEGRO (Aachen Liège Electricity Grid Overlay) will be the reference used to 

conduct this study.  

 

Figure 14 – Project Alegro location 

In order to increase the exchange of electricity between European countries it is necessary 

to expand and improve the current electricity network. Alegro fulfils this purpose by 

stablishing the first direct electric connection between Belgium and Germany and providing 

urgently needed grid capacities for cross-border electricity flows. Additionally, ALEGRO will 

strengthen the security of electric supply in the Aachen-Cologne region. 

The power line, which is scheduled to be commissioned in 2020, will use high-voltage 
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direct-current (HVDC) transmission technology and will be installed as an underground 

cable. 

The underground DC cable of ALEGRO will be connected to the German and Belgian AC 

grids by means of two converter stations located in Oberzier, Germany (Amprion) and 

Lixhe, Belgium (Elia) 

 
Figure 15 – Alegro connections and main schema 

Characeristics: 

§ 100 km 

§ Transmission capacity: 1000 Megawatts 

§ Voltage level: +/- 380 kV 

Geometry: 

The converter station used as study case is the Oberzier converter station. 

The system simulated consists in a HVDC’s CH containing 24 converter towers and it is 

equiped with a HVAC system. 
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6.3. Boundary conditions 

In order to represent the thermodynamic conditions of the model the following elements and 

parameters have been considered: 

- Thermal loads (heating loads) 

- Atmospheric conditions (outdoor temperature) 

- Air circulation (HVAC) 

- Surface temperatures 

 

Figure 18 - Boundary conditions 

Figure 16 - Converter Hall’s IES-VE 3D model Figure 17 - Converter Hall’s geometry 
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6.3.1. Heating loads 

The most relevant heat sources in the system are the converter towers, any other elements 

(lights, cabling, other electronic components…) will not be considered due to a significantly 

lower heating value. In conclusion, the CT’s are the elements considered as heating loads 

in the analysis. 

    

Figure 19 - Converter tower’s geometry specifications 

Each one of this towers generates a total amout of 2858 W/level, resulting in 5,716 kW for 2 

level towers and 11,432 kW for 4 level towers. For the chosen project only towers with 2 or 

4 levels are used, six 2-level towers and eighteen 4-level towers. For this simulation the 

total amout of heat generated by the CW is 240,072 kW. 

 

 

 

For confidencialty reasons the previous information has been omitted (……..)  from this 

document. 

6.3.2. Tower model 

Different models for the Converter Towers have been tested in order to determine which 

one adjusts better to the results shown in previous simulations conducted by CFD 

specialists of the company. 

The main features taken into account in the creation and posterior selection of the models 

are the following ones: 

�̇�K;*L*;M(𝑡𝑜𝑡𝑎𝑙) = 34,296	𝑘𝑊 

�̇�W;*L*;M(𝑡𝑜𝑡𝑎𝑙) = 205,776	𝑘𝑊 

Y𝑄5ZI*6' = 240,072	𝑘𝑊 
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- Adjusting to the real tower geometry. (Mandatory) 

- Enabling the air go through submodules and through components. (Mandatory) 

- Keeping the complexity of the models as low as possible in order to optimize the 

simulation time. (Optional) 

The selected model is the one seen in Figure 20 and placed in the CH as shown in Figure 

21. 

Note: For details about the tower model construction see the Annex. 

 

 

 

 

 

Figure 20 - Converter Tower IES-VE model                 Figure 21 - 3D model used in IES-VE 

6.3.3. HVAC 

Most of the HVAC System currently used in Siemens HVDC projects have two main 

characteristics: 

- Use of displacement ventilation 

- Equal distribution of air supply 

The displacement ventilation is a room air distribution strategy that consists in supplying 

conditioned outdoor air at a very low speed (	≤ 1𝑚 𝑠 ) from both air supply and air diffusers 

placed near floor level, while air extractors are usually located at ceiling height. 
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Figure 22- Air displacement methodology graphic description 

An equal and uniform air supply distribution is also very important to ensure that ingoing air 

spreads equally to the floor and reaches the farthest points of the CH. 

In order to represent a HVAC system that fulfils both requirements, two types of boundary 

conditions are used. These are the air inlets and the air outlets. The first ones are 

represented using two arrays of air inlets placed at the front of the room (figure 23) whereas 

the air outlets are placed all over the CH at the top of the walls (figure 26). 

- Inlets: 

The inlets are set in two groups of 66 openings, each one placed at the longest wall of the 

CH. 

 

Figure 23 - Air inlets boundary conditions location 

 



Pag. 22  Memory 

 

 

 

Figure 24 - Frontal view of the air inlet boundary conditions 

 
 
 

 
Figure 25 - Air inlet boundary conditions 

 

 

 

 

 

 

 

• Height: 0,50m 

• Length: 1,20m 

• Surface (unitary): 0,60m2 

• Air flow rate  (total): 42,768m3/s 

• Air flow rate (unitary): 0,324m3/s 

• Air temperature: 41°C 

1,20 m 

0,50 m
 

0,45 m
 

0,30 m 
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- Outlets:  

The outlets are placed nearly at the highest point of the walls and are in charge of 

extracting the cooling air after being heated by the CT. 

The duct sizing and its placement have been defined according to the layout restrictions. All 

of them are set to 13,2m height (figure 27). 

 

Figure 26 - Air outlet boundary conditions locations 

  

 

 

 

 

 

 

 

  

1 2 
3 

4 

13,2m 

2m 3,3m 

1m 

3,3m 

1m 

3,3m 

1m 

3- 4- 

1- 

2- 

Figure 27- Frontal view of the air outlet boundary conditions 
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6.3.4. Surface temperatures 

In order to run the simulation it is also necessary to define a specific value for each CH 

surface (walls, floor & roof), see figure 28: 

- Walls: 40°C 

- Floor: 35°C 

- Roof: 45°C 

The provided values represent the worst case scenario taking into account both the location 

of the project and the client’s demands.  

 

Figure 28 - CH wall`s temperature 

6.4. Heat & Cooling calculations 

Considering that the case in study simulates the worst scenario possible and provided that 

the temperature of the air outside the building would be lower than the temperature inside 

the building, the heat transfer through surfaces such as walls, ground and roof will not be 

considered (Figure 29). 

Furthermore, the thermal gradient from inside the building to the outside is expected to be 

low enough to have no significant effect in the simulation (Equation 1). 
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6.5. IES-VE CFD analysis tool 

The CFD analysis tool within the IES-VE, named MicroFlo has the following characteristics:  

- It is based on ‘Finite Volume Method’ of discretization of the partial differential 

equations that describe the fluid flow.  

- The formulation uses steady state three dimensional convection-condition heat 

transfer and flow model.  

- The ‘SIMPLE’ algorithm is used to achieve the coupling between pressure and 

speed fields.  

- Turbulence models are available. 

- MicroFlo uses wall functions to calculate near-wall properties of turbulence as well 

as flux of heat and momentum.  

- There is no direct radiation model within MicroFlo. The effects of radiation can 

however be modelled when boundary conditions are imported using other IES-VE 

modules. 

- MicroFlo features a structured non-uniform Cartesian grid.  

6.5.1. Turbulence models 

There are two types of turbulence models available in MicroFlo  

1. k-e (default): This is the most generally accepted and widely used turbulence model. 

The k-e model calculates turbulent viscosity for each grid cell throughout the calculation 

domain by solving two additional partial differential equations, one for turbulence kinetic 

energy and the other for its rate of dissipation.  

2. Constant effective viscosity: This model does not attempt to account for the transport 

Figure 29 – Thermal conduction   

 

�̇�8Z+% = 𝑘	𝐴	
𝑑𝑇
𝑑𝑥

 

�̇�8Z+% ≪ 	 �̇�5ZI*6' 
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of turbulence but offers the user a much faster, much more approximate method of 

accounting for turbulence than the k-e model. The turbulent viscosity is assumed to be 

constant throughout the calculation domain and it can be defined either by specifying an 

absolute value or a multiplier, which is applied to the molecular laminar viscosity. This 

specification of turbulent viscosity is at best approximate but does allow a number of 

scenarios to be investigated for key features, prior to using the k-e model.  

In order to obtain more accurate results all the analyses have been made using the k-e 

turbulence model. Constant effective viscosity models have only been used at the 

beginning of the study to get a first approach of the system’s behaviour. 
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6.5.2. The 𝒌 − 𝜺 Model 

§ 𝑘 – equation 

𝜇5 = 𝑐e
𝐾K

𝜀
 

  

 

 

 

 

§ 𝜀 – equation: 

𝜕 𝜌𝜀
𝜕𝑡

+
𝜕(𝜌𝜀𝑢&
𝜕𝑥&

=
𝜕
𝜕𝑥k

𝜇5
𝜎m

𝜕𝜀
𝜕𝑥k

+ 𝐶nm
𝜀
𝑘
2𝜇5𝐸&k𝐸&k − 𝐶Km𝜌

𝜀K

𝑘
 

 

 

 

 

 

 

 

𝐶e = 0.09							𝜎q = 1.00								𝜎m = 1.30								𝐶nm = 1.44								𝐶Km = 1.92 

 

 

	

𝜕(𝜌𝑘)
𝜕𝑡

+
𝜕(𝜌𝑘𝑢&)
𝜕𝑥&

=
𝜕
𝜕𝑥k

r
𝜇5
𝜎q

𝜕𝑘
𝜕𝑥k

s + 2𝜇5𝐸&k𝐸&k − 𝜌𝜀 

K	:	turbulent	kinetical	energy	

Ɛ	:	speed	dissipation	

ui:	represents	speed	component	in	corresponding	direction	

Eij	:	represents	component	of	rate	of	deformation	

µt	:	represents	eddy	viscosity	
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7. Preliminary results  

Temperature: 

The results of the simulations display a uniform temperature in all the spaces if the CT 

regions are not taken into consideration. The temperature of the CH is mainly determined 

by the HVAC inlet air temperature (41°C). At the CT, the air increases its temperature 

locally around the CT’s elements (figure 32). The temperature reached at the top of 

converter towers reaches values between 44°C and 46°C (figure 31).   

 

 

Figure 30 - Thermal results CH (frontal view) 

                       

 

Figure 31 - Thermal results around the towers (frontal view) 

 

max(∆𝑇) ≅ 5°𝐶  
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Figure 32 - Thermal results over the 4-level towers (plain view) 

Speed: 

As expected in air displacement simulations, the air spreads all over the CH’s floor and 

when it reaches underneath the CT, it is suctioned due to upstream generated by the 

convective effect. 

Notice that it is crucial to have an air speed lower than 0,5m/s under the CT in order to not 

disturb the upstream generated through the CTs (Figure 33).  
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Figure 33 - Kinetical results of the air going through the towers (side view) 

 

 

Figure 34 - Kinetical results of the air going through the towers (front view) 
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 Figure 35 - Kinetical results of the air going through the towers (plain view) 

 

Figure 36 - Air speed under the towers 
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Although this HVAC methodology has been proved effective and also implemented in 

nearly every Siemens project, it is easy to notice that only a small amount of air contributes 

effectively to the control of the temperature in the CTs regions, while most of the air is used 

to reduce the temperature in the CHs itself. 

Considering that entering the CH is strictly forbidden as long as the CTs are functioning, it 

would not be necessary to have a low temperature in these empty spaces. Following this 

reasoning, it might be possible to modify the HVAC method in order to focus the 

temperature regulation only in the critical regions1 while not intervening with any of the other 

spaces. This solution would lead to a minimization when it comes to the HVAC Systems’ 

requirements, plus a size and price reduction for all the installation.  

Note: In order to differentiate the HVAC methodology, this document uses the expressions 

“original model/methodology” and “new model/methodology” which refer to the HVAC 

distribution currently used in Siemens projects and the one proposed by the author of the 

document, respectively.  

                                                   

1 Due to the fact that temperature restrictions are only a matter of the CTs and there are no 

restrictions to any of the other regions. 
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8. New HVAC Design 

After analysing the results of the original model, the new distribution expected to improve 

the results in the proximities of the CTs consists in changing the horizontal entrance of the 

air, for a vertical entrance placed under each CT (without changing the air outlets or any 

other parameters). 

 

Figure 37 - New 3D-model used in IES-VE 

The new model has been designed in order to maximize the speed of the air stream going 

through the tower. To this purpose, the air inlets are placed right under the towers and 

defined with a very small surface in order to increase the air speed to 8,2 m/s. 

 

Figure 38 - New air inlets boundary conditions 

0,50 m 

0,50 m 
• Surface (unitary): 0,25m2 

• Air flow rate (total): 42.768m3/s 

• Air flow rate (unitary): 2,036 m3/s 

• Air temperature: 41°C 
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8.1. New model results 

The results for the new model show a decrease in the CT areas, while the temperature in 

the remaining CH’s spaces increases (figure 41). The difference in temperature between 

the bottom and top of the CT decreases substantially (figure 40).  

 

 

Figure 39 - Thermal results around the towers (frontal view) 

  

 

Figure 40 - Thermal results around the towers (frontal view) 

 

 

 

max(∆𝑇) ≅ 2°𝐶  
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 Figure 41 - Thermal results around the towers (plain view)  

The speed increase of the air being exhausted from the HVAC inlet produces many 

turbulences, this could mean that the speed is too high, thus the system functioning could 

improve with a lower amount of air flow. 
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Figure 42 - Kinetical results of the air going through the towers (front view) 

Although the temperature near the CT is lower than when using the original HVAC method, 

the simulation results show some points where the temperature rises near to 47 degrees. 

This should be taken into consideration and properly avoided. The reason for these 

eventual hot peaks has its origin in the numerous turbulences generated inside the CH due 

to basically higher air speed reaching the roof of the building, which makes the evacuation 

of the air through the air outlets much more difficult. 
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Figure 43 – Air turbulences generated near the CV (Plain view) 

Note: This turbulence-due-effect is later discussed in 8.3.Flow rate reduction. 

 

8.2. Comparison of CFD Analysis 

The results obtained in the first option are quite similar to the ones obtained using the initial 

HVAC configuration, whereas the second option shows a significant reduction in the 

temperature of CH especially in the areas around the CT. 
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Figure 44 - Thermal results Original Model (Displacement ventilation) 

 

 

Figure 45 - Thermal results New Model (Air jets) 

The reason for this improvement seems to be due to a local increase in the speed of the air 

going through the CT that leads to a better refrigeration. 
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Figure 46 - Velocity stream around the 
converter towers in the original model. 

 

Figure 47 - Velocity stream around the 
converter towers in the new model. 

 

 

 

Considering that the critical regions of the CH are the surroundings of the CTs and the CTs 

themselves, this HVAC distribution model could allow us to decrease the temperature 

around the towers using the same air flow rate or achieving the same temperature around 

the towers using less air flow rate. 
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8.3. Flow rate reduction 

As it was suggested, the simulation has been repeated by decreasing the amount of AFR 

while keeping all the other parameters constant. 

The results for the 75%, 50% and 25% of the initial AFR are the following: 

- Flow rate 100% (153.964,8 m3/h) 

 

- Flow rate 75% (115.473,6 m3/h) 

 
 

 

- Flow rate 50% (76.982,4 m3/h) 
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- Flow rate 25% (38.491,2 m3/h) 

 

 

As expected, the results confirm the suggested hypothesis. With the new HVAC disposition 

we would be able to obtain nearly the same temperature values in the proximities of the CT 

as in the original HVAC design (~44°C). 

Considering the obtained values in the simulations it would be safe to affirm that it could be 

possible to reduce the usage of AFR between a ½ and a ¼ of the original value. 
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It has been noticed that under a certain speed value, the effectivity of the HVAC system 

increases, as the temperatures obtained with only 25% of the AFR are slightly better than 

the ones obtained with 50% of the initial AFR, reaching a local maximum around 25%. 

Normally, higher speeds lead to turbulent flows (Re	≥ 5 ∙ 10�) which contributes to a better 

heat transference than using laminar flows (Re	≤ 10�), but in the simulation some factors 

must be taken in consideration. 

Due to the proximity of the roof to the CT’s highest point (<7 meters) the air reaches the 

roof with a high speed. The drastic reduction generates turbulences near the roof level, 

interfering with the circulation of the air to the nearest air extractor, increasing the 

permanence time of the hot air inside the CH which ends up increasing the middle 

temperature of the CH (Figure 48-49). 

 

Figure 48 – Speed vectors with 50% AF 

 

Original HVAC New HVAC 100% New HVAC 50% New HVAC 25% 
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Figure 49 - Speed vectors with 25% AF 

Additionally, setting a higher air speed under the towers contributes to generate air currents 

due the Bernoulli Effect. These currents take air from the surroundings of the CT and they 

send it to the CT’s separations between levels and modules. Considering that the 

temperature around the CV is higher, this leads to a temperature increase in the CT, 

especially in narrow spaces such as separations between modules (Figure 50). 

   

Figure 50 - Spaces between 

levels and modules 
Figure 51 -Temperature results 

(CT Plain veiw 50% AF) 

 

Figure 52 - Temperature results 

(CT Plain veiw 25% AF) 

 

 

 

 

 

 



Pag. 44  Memory 

 

9. Economic analysis 

The suggested new HVAC methodology will generate substantial gains compared to the 

original HVAC methodology. 

 

 

 

 

 

 

 

1- Building size reduction. 

Placing the air ducts underground instead of placing them on the building walls 

makes possible the reduction of the CH size. The estimated length reduction is 1m, 

which represents a volume reduction of 1.460m3 (16,6𝑚	𝑥	88𝑚	𝑥	1𝑚). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Original HVAC New HVAC (50% AF) New HVAC (25% AF) 

1- Building 
size 

Size reduction 

not possible. 

The use of underground air ducts allows a 

reduction of the building dimensions. 

2- HVAC 
channels 

No need for 

underground 

channels 

Underground channels could be used as HVAC 

air ducts inside the building. 

3- AHU 
units 

3+1 AHU 

needed 

2+1 AHU units 

needed 

1+1 AHU units 

needed 

Table 2 - Comparison of HVAC methodology, main advantages/disadvantages 

1m 37,1m 

16,6m 

Original volume: 52.004,46 m3 

New volume: 50.544,48 m3 

Figure 53 - CH lateral view comparison 
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2- HVAC Channels 

In order to implement the new HVAC system it will be necessary to build channels 

that bring the air under each tower. In order to avoid space conflicts with elements 

belonging to other systems, these channels should be built underground. 

88 m 44 m 

Figure 54 - CH plain view comparison 

Figure 55 - Implementation of HVAC Channels in the new CH. 
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The distribution system used is composed of two different air ducts. Firstly, a bigger 

air duct working as a main branch (primary channel) of the distribution system and 

secondly, smaller air ducts (secondary channel) connected to the main branch that 

work as ramifications which bring the air to its final destination (air inlets). Assuming 

these channels are only used for air conducting purposes, the most economical 

solution would be applying impermeable paint to the channels in order to use them 

as HVAC air ducts. This would also represent important savings to the project final 

cost.  

 
          Figure 56 - Distribution schema of the new HVAC underground ducts 

According to the company standards and space limitations the sections for each of 
these air ducts should be the following: 

 

 

 

 

 

 

 

 

 

 

 New HVAC (50%AF) New HVAC (25%AF) 

Main branch 2,673 m2 1,337 m2 

Ramifications 1,018 m2 0,509 m2 

Table 3 - Section size depending on the %AF. 

 New HVAC (50%AF) New HVAC (25%AF) 

Main branch B= 250 cm, H=107 cm B= 175 cm, H= 77 cm 

Ramifications B= 153 cm, H= 67 cm B= 108 cm, H= 48 cm 

Table 4- Section dimensions depending on the % AF. Normalized values 

H 

B 
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3- Less AHU units: 

Reducing the amount of AF provided by the HVAC has a direct impact in the sizing 

of the equipment that includes the number of AHU units needed. While the number 

of units initially needed where 4 (3+1)2, using the new HVAC methodology, which 

allows a reductions of AF between 50% and 75%, the number of AHU units would 

be of 3 (2+1) and 2 (1+1), respectively. 
 

4- Other HVAC related elements: 

Besides the previously stated modifications, reducing the amount of AF also has 

other beneficial effects, which are directly related to the number of AHU needed: 

cabling, sensors, additional equipment. Power supply equipment costs are the 

same for systems using a pair number of AHU. In case of using an odd number of 

AHU, additional costs will be considered3 (+4%). 

Although there are different strategies in order to calculate the potential economical 

earnings4, the used approach for this project corresponds to the one been currently used by 

the company, differentiating between the CAPEX and OPEX costs and takes any 

coefficient values according to tabulated values provided by Siemens. 

 

 
 

New HVAC (Original) New HVAC (50% AF) New HVAC (25% AF) 

  C
AP

EX
 

Building size 5.830.000,00 € 5.655.100,00 € 5.655.100,00 € 

HVAC Channels 751.000,00 € 262.368,10 € 133.488,70 € 

AHU units 384.000,00 € 288.000,00 € 192.000,00 € 

Other HVAC rel. elem. 406.000,00 € 326.500,00 € 241.000,00 € 

 

total investment cost 7.371.000,00 € 6.531.968,10 € 6.221.588,70 € 

 Table 5- Initial investment costs comparison 

 
 

 

 

 

                                                   

2 To ensure that the system is able to face any malfunctioning on any of its AHU, an extra unit is 

always included. 

3 The associated costs are just an estimation and should be checked in future calculations. 

4 More information regarding the costs and earnings of the projects can be found in the annex 

chapter. 
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New HVAC (50% AF) New HVAC (25% AF) 
  C

AP
EX

 

Building size                  174.900,00 €                  174.900,00 €  

HVAC Channels                  488.631,90 €                  617.511,30 €  

AHU units                    96.000,00 €                  192.000,00 €  

Other HVAC rel. Elem.                    79.500,00 €                  165.000,00 €  

 

total earning                  839.031,90 €                1.149.411,30 €  

 Table 6 - Earnings regarding Initial investment costs 

 

  
New HVAC (50% AF) New HVAC (25% AF) 

C
AP

EX
 Building size                   12.943,88 €                    12.943,88 €  

HVAC Channels                   48.789,47 €                    58.327,49 €  
AHU units                   10.561,77 €                    21.123,54 €  
Other HVAC rel. Elements                     8.868,92 €                    18.561,21 €  

O
PE

X 

Building size                     4.460,49 €                      4.460,49 €  
HVAC Channels                     9.116,03 €                    14.046,27 €  
AHU units                   78.491,45 €                  156.982,90 €  
Other HVAC rel. Elements                     7.077,11 €                    15.301,86 €  

Total earnings               180.309,12 €                301.747,64 €  
Table 7 – Expected project earnings (Annuity values) 

In addition to the previous earnings it should be also considered that using less AHU (1 less 

in the 50% AF model and 2 less in the 25% AF model) also contributes to reducing the 

amount of power supply losses associated to the cooling systems. This leads to lower 

power consumption and a better loss evaluation rate from the customer’s point of view. 

The economic quantification of this power loss evaluation rating is estimated as follows: 

• 7.500€/kW5 

• AHU (fan) consumption: 23,5kW 

2𝐴𝐻𝑈×23,5𝑘𝑊×7.500
€
𝑘𝑊

= 352.500€ 

The resulting earnings for the 50% AF model and the 25% AF model are 176.250€ and 

352.500€, respectively. 

Besides that power loss evaluation rating, using less AHU will lead to less complicated 

HVAC-Systems implying a better evaluation in terms of RAM-Studies6, which will contribute 

                                                   

5 Siemens estimates a cost between 5.000 €/kW to 10.000 €/kW for loss evaluation costs. 

6 RAM-Studies: Reliability, Availability and Maintainability Studies. 
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to make the project stand out between its competitors. 

RAM-Studies are used as a way of assessing a production system’s capabilities, both in 

operation and design phase. Since facilities and plants are being used for a longer period of 

time, Reliability, Availability and Maintainability Studies are able to provide an assessment 

into the assets’ lifetime capabilities and also enable businesses to maximise their return of 

any investment. 

Reliability is the probability of survival after the unit/system operates for a certain period of 

time. It defines the failure frequency and determines the uptime patterns. 

Maintainability describes how soon the unit/system can be repaired, which also determines 

the downtime patterns. 

Availability is the uptime percentage over the horizon time and is determined by reliability 

and maintainability. 
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Conclusions 

The main objective of this project was to determine, using CFD software, if it was possible 

to improve the performance of the HVAC Systems by changing their configuration. 

Based on the results obtained, it is possible to affirm that implementing a new HVAC 

system that injects air directly under the heating loads would provide a more efficient 

solution to the converter hall’s cooling. Among the main benefits, there is the reduction of 

the airflow needed to achieve the cooling and the reduction of the converter hall 

dimensions. Both benefits are directly related to a remarkable cost reduction of the project. 

In addition to the previously stated advantages, the new HVAC implementation would 

improve the loss evaluation due to its lower power consumption, while also leading to a 

better rating in terms of RAM-Studies due to the use of more simple HVAC-Systems. 

For the company to take further steps in this topic, it would be necessary to conduct a 

deeper study about the influence of different elements that are not included in this project, 

such as using different converter hall geometries or using different air inlets configurations. 

Especially the latter, which should really be taken into consideration by testing different air 

diffuser geometries and changing the number of air inlets used under each converter tower, 

to achieve a more uniform temperature in any point of the converter tower. 

 

 



Design and viability analysis of a new HVAC system  Pag. 51 

 

Project cost 

As previously stated, this project has been conducted during my internship in the Siemens 

Company, for this reason the total economic cost for this project is directly deduced from 

the income I have received from the company. 

• Monthly income: 970€/month (35h/month) 

• Internship7 + Project duration: 10 months 

Total income / Project cost: 9.700€ 

                                                   

7 The study was only possible thanks to the knowledge obtained during my previous Internship in the 

company. 
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