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ABSTRACT: 
 

NICA (Nuclotron-based Ion Collider fAсility) is an accelerator complex designed to study 

properties of dense baryonic matter. In this facility we have MPD (Multi-Purpose Detector) 

apparatus which is capable of detecting of charged hadrons, electrons and photons in heavy-ion 

collisions. For running this apparatus we need power supplying devices and some electronics 

which are mounted on the MPD-Platform. The MPD and Platform both are contained in the 

MPD-PIT. The MPD and the other devices need an optimum temperature to work properly. To 

maintain this optimum temperature we require an air conditioning system. For this project we 

simulated the air conditioning system to assure the optimum working of the devices in the MPD-

PIT. After some simulation we came to know that the position of the air conditioner must be 

above the heat sources (MPD and platform) and the air conditioning system used is Mitsubishi 

FDT providing  air flow rate of 28m
3
/min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

INTRODUCTION: 

 

The MPD (Multi-Purpose Detector) is planned to study the properties of hot and 

dense nuclear matter formed during collisions of high-energy heavy ions, in 

particular, to search for effects associated with deconfiguration and/or restoration 

of chiral symmetry, to study the properties of phase transitions and mixed hadron 

and quark-gluon phases. The Platform contains power supplying device e Slow 

Control System, Detector Control System and EqDb Equipment Database for 

Multi-Purpose Detector in the NICA Project. The MPD and platform both releases 

a large amount of mount of heat which will result in higher temperature of the 

equipment and hence damage them. So we need an air conditioning system to 

maintain optimum working temperature. 

 

After some simulations we came to know that the Mitsubishi FDT air conditioning 

system will be sufficient for the purpose. The position of the air conditioning 

system must be above the MPD and Platform. 

 

 

PROJECT GOALS: 

 

Our goal is to find the location and type of air conditioning system for maintaining 

the temperature of the devices. For this purpose we are using the CFD method 

using Autodesk CFD software. For the simulation we need to create a 3D model of 

the MPD, Platform, Rack, Hall and Pit which is done using Autodesk Inventor 

Professional. 

 

 

SCOPE OF WORK: 

 

In this report we can see the problem that is to find the position of the air 

conditioning system to maintain the optimum temperature for the MPD and other 

electronics, further we will be able to see the process from modelling to simulation 

to the conclusion. 

 
 

 

 

 

 

 

 

 

 

 

 



METHOD: 

 

For conducting the simulation we need to create simple 3D models of different 

components. We have created simple model to reduce simulation time and errors. 

We are using Autodesk Inventor Professional for the modelling. The components 

of simulation are as follows: 

 

1) NICA-MPD:  
 

 

 
 

 

2) NICA-MPD HALL: 

 

 

 

 
 

 

 



3) NICA-MPD PLATFORM: 

 

 

 
 

4) ROOF: 

 

 
 

5) RACK: 

 

 



6) MITSUBISHI FDT air conditioning unit: I created the 3D model for the air conditioning 

system according to the modelling guidelines available on the Autodesk website and the 

dimensions are taken according to the technical document of the air conditioning system. 

 

 
 

After assembling these components our geometry looks like this:- 

 

 
 

 

Heat generation values of the Heat sources: 

 

1) NICA-MPD: 5kW. 

2) RACK: 1500W. 

3) AUXILLARY RACK: 100W. 

 

 

 

 

 

 

 

 

 

 

 



Technical Specifications of the air conditioning system:- 

 

 
 

 

 

 

Before proceeding to the actual simulation we have conducted some practice simulations as 

follows: 

 

1) PCB simulation with forced convection through fan: 

       

We have conducted a CFD simulation over a pcb with chip and heat sink with     

forced convection with the help of a fan. Forced convection is used to reduce the 

temperature of the chip so that it can not cross the temperature limit. 

 

We got the temperature under control with the help of forced convection using a 

fan that can be seen in the results below: 

 



 
 

 

 

 

 

We are getting the graph of temperature through PCB as follows: 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Now proceeding towards the main simulation we have to choose our heat 

exchanger material in the Autodesk CFD software for conducting the simulation. 

For this material we have to choose the model type among the following options: 

 

 

 
 

 

We have selected the Air conditioner type of model as it suited our interest because 

in this type we can choose the desired outlet temperature of the air flow and can 

also get the heat extracted from the system. 

 

 

 

 

 



To get some hold on this type of heat exchanger material we created a simple 

simulation model with some heat sources and a heat exchanger enclosed in a room. 

 

According to the size of the room we have selected the air flow rate through the 

heat exchanger to be 0.1m
3
/min and the temperature of the air flow at the outlet of 

the heat exchanger to be 20 
0
C. After conducted the simulation we came to know 

that the temperatures are under control. 

 

 

The simulation results are as follows: 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

HEAT EXCHANGER 

HEAT SOURCES 



RESULTS: 

 

Now after getting the hold on the heat exchanger material we finally conducted the 

simulation for the actual model.  

 

For the simulation we are supposed to choose the position for the heat exchanger 

and the proposed position is above the MPD AND PLATFORM so that it can 

intake hot air before it gets around the pit.  

 

The results came out as follows:- 

 

Some cross sections for the temperatures through the geometry:  

 

 
 

 

 

 



 

 
 

Traces of the air passing through a plane near the air conditioning system: 

 

 

 
 

 

 

 

 

 

 



 

CONCLUSION: 

 

The position that is above the heat sources (MPD and Platform) and type of air 

conditioning system that is Mitsubishi FDT with flow rate of 28 m 
3
/min is 

appropriate and can be used in actual environment as the temperatures are under 

control (max temperature is approx. 76
0
C) and the flow is covering the MPD and 

the PLATFORM containing racks and does not leave any part isolated from the 

flow. 
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