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Abstract. With the development of economy and industry, the demand for energy has increased significantly. The annual 

energy consumption due to air conditioning and refrigeration equipment corresponds to approximately 10% of the energy 

produced worldwide. In this context, it has attracted an increasing deal of interest thanks to such advantages as utilization 

of low-grade heat sources and environment-friendly working fluid pairs. In addition to using working fluids with low 

environmental impact compared to traditional refrigeration systems, and thereby making absorption refrigerators 

commercially competitive. This article presents a mathematical modeling of an absorption refrigeration system to 

simulate the air conditioning of two spaces, with the fan coil system being the main component to be evaluated. The 

development of the mathematical equations of the model was based on the application of the principles of mass and 

energy conservation in transient regime for the refrigerator components, reservoir, fan coil, and the environments, where 

each component was modeled as a simple control volume. The choice of the fan coil system to be evaluated in the model 

is due to its importance in air conditioning of environments, especially in commercial and residential buildings. After the 

development of the mathematical model, a computational code was elaborated in Fortran®90 language in order to obtain 

numerical responses for each control volume and perform analyses based on the parameters of the system. The 

mathematical model resulted in a system of ordinary differential equations (ODEs), which were solved through time 

integration with the aid of the Runge-Kutta-Fehlberg method of 4th/5th order, interacting simultaneously. Thus, the 

mathematical modeling of the fan coil system was able to provide valuable information for the analysis of the refrigeration 

system performance and its importance in air conditioning of environments. After completing the mathematical modeling 

of the system, the simulated results will be presented, focusing specifically on cassette type fan coils. These simulations 

will provide detailed information about two main aspects: the environment in which the fan coils are installed and the 

mass flow rate of the system. Additionally, a parametric analysis will be conducted to evaluate different configurations 

and parameters related to the fan coil. These simulated results are of utmost importance to understand the behavior and 

performance of cassette type fan coil, allowing for in-depth analysis and assisting in decision-making for optimization 

and improvement of the overall system. 
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1 INTRODUCTION  

 

Heating, Ventilation, and Air Conditioning (HVAC) systems are widely used to create suitable indoor environments. 

However, these systems account for a significant proportion of building energy consumption. Given the global energy 

shortage and the increase in living standards, a more efficient use of energy in HVAC systems is desirable (Zhang, 2013). 

The construction sector accounts for approximately 40% of global annual final energy consumption. Heating or 

cooling a closed space to maintain thermal comfort is one of the main sources, representing up to 60-70% of energy 

consumption in buildings (Gamarra, 2018). The increasing trend in energy consumption in buildings will persist in the 

coming years due to expanding built areas and related energy demands. 
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Half of the energy consumption and carbon emissions in the construction sector are attributed to refrigeration systems 

(Sores, 2017). These refrigeration systems are widely used in buildings, industries, and vehicles to maintain comfortable 

temperatures and for industrial processes requiring controlled temperatures. Air conditioning systems are a common 

example of refrigeration systems used in buildings. However, these systems typically utilize a vapor compression 

refrigeration cycle, which relies on non-sustainable energy sources (Whitman, 2016). 

In addition to these systems, there are equipment components responsible for air distribution in indoor spaces, which 

directly influence the cooling system. Inefficient airflow distribution can increase the energy demand for space cooling, 

especially when the proportion of fresh air is low. This inefficiency in airflow can result in a significant increase in energy 

consumption, particularly when low-quality cooling sources are used (Johnson, 2016). 

Based on this context, research is being conducted on other equipment components to improve the performance of 

refrigeration systems. One example of such equipment is cassette-type fan coils, which play an important role in efficient 

heat dissipation or cooling. 

 

1.1 Cassette-type fan coil 

 

Cassette type fan coil units are cooling and heating units that are installed in the ceiling of indoor environments, 

typically in false ceilings. They are called "cassette" due to their rectangular or square shape resembling a box or 

compartment. These units are designed to provide efficient cooling or heating in commercial, residential, and institutional 

settings. Cassette type fan coil units consist of an indoor unit and an outdoor unit connected by refrigerant pipes. The 

indoor unit is installed in the ceiling and features a fan that distributes the cooled or heated air throughout the space. 

Additionally, the indoor unit contains cooling or heating coils, which are responsible for heat exchange with the air 

(Ranada, 2020). 

These units often have multiple air ducts that can be directed in different directions, allowing for more even air 

distribution in the environment. Furthermore, some models of cassette type fan coil units have the capability to adjust the 

direction of the airflow automatically or manually, providing greater flexibility and adaptability. Cassette type fan coil 

units are popular in environments where the installation of central air conditioning units is not feasible or practical. They 

are commonly found in offices, shops, restaurants, hotels, and residences, where they offer an efficient and discreet 

cooling and heating solution (Zhu, 2023). 

It is important to note that cassette type fan coil units are just one of many options available in the market for cooling 

and heating systems. The choice of the most suitable system will depend on the specific needs of the environment and the 

cooling or heating requirements (Jahanbin, 2022). One potential drawback of this type of system is the potential lack of 

inadequate temperature and airflow control, meaning the energy efficiency of cassette type fan coil units can be 

compromised if temperature and airflow control are not properly configured. Improper settings can lead to energy waste, 

such as unnecessarily cooling or ventilating areas or providing more air than necessary. In some cases, cassette type fan 

coil units may not operate efficiently under partial loads, meaning when the cooling demand is lower. This can result in 

excessive energy consumption when the system is operating at lower load levels (Dogan, 2022). 

To address this, mathematical equations are available to simulate the air conditioning process in spaces. These 

simulations allow for the characterization of all parameters of a refrigeration system, identifying possible issues and even 

providing improvements for the systems, such as simulating fan coil units. Through these mathematical models, it is 

possible to conduct detailed analyses of the performance of refrigeration systems, considering factors such as thermal 

load, airflow distribution, and energy efficiency. Based on these simulations, it is possible to assess the impact of different 

configurations, optimize system designs, and identify improvement opportunities (Hernandez, 2022). 

 

1.2 Mathematical models in refrigeration design. 

 

Mathematical models play a fundamental role in the design of refrigeration systems, allowing for the prediction and 

analysis of the thermal performance of the involved equipment. These models are based on thermodynamic principles 

and the properties of refrigerant fluids, and can provide valuable information for optimizing the design and operation of 

refrigeration systems. One of the primary uses of mathematical models in refrigeration design is the simulation of the 

refrigeration cycle, which forms the basis of operation for many refrigeration systems, such as vapor compression cycles. 

These models enable the calculation of important parameters such as cooling capacity, energy consumption, efficiency, 

and system operating temperature (Wang, 2017). 

Furthermore, mathematical models can be used to analyze the behavior of specific components within the system, 

such as compressors, condensers, evaporators, and heat exchangers. They allow for the simulation of different operating 

conditions, such as variations in thermal load and ambient temperature, to evaluate performance and determine necessary 

adjustments. Mathematical models are also essential for optimizing the design of refrigeration systems. Through the 

application of mathematical optimization techniques, it is possible to determine the best configurations and design 

parameters, considering specific constraints and objectives, such as minimizing energy consumption or maximizing 

cooling capacity (Liang, 2020). 
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In summary, mathematical models are powerful tools in refrigeration design, enabling the analysis and prediction of 

system thermal performance, simulation of various operating conditions, and optimization of the design. They play a 

crucial role in the pursuit of more efficient, economical, and sustainable solutions in the field of refrigeration. 

 

2 METHOOLOGY 

 

The process model comprises basically mass and energy balances and design equations for each process unit, and 

correlations to estimate process streams enthalpy. The complete model including physical relations and model 

implementation details (inequality constraints) is presented as supplementary material (Mazzei, 2014). 

The following key assumptions are made to derive the mathematical model: i) the refrigeration system is 5 tons of 

refrigeration (TR). ii) the control volumes are refrigerator, reservoir, fan coil unit 1 and 2, and spaces. iii) each component 

is treated as a control volume (CV). iv) the energy balance in the refrigeration system will be performed only in the water 

side evaporator, in a single control volume. v) the system will be modeled under transient operating conditions. vi) any 

thermal fluid that enters the fan coil unit and conditions the room returns to the reservoir independently. vii) the working 

fluid considered is exclusively water and, viii) The coefficient of performance (COP) is defined by the ratio between the 

energy leaving the system, the heat transfer rate in the evaporator (𝑄̇𝑒𝑣𝑎𝑝), divided by the energy entering, the heat transfer 

rate in the generator (𝑄̇𝑔𝑒𝑟), and the electrical consumption generated by the pump (𝑊̇𝑏𝑜𝑚𝑏). Equation 1.  

 

𝐶𝑂𝑃 =  
𝑄̇𝑒𝑣𝑎𝑝

𝑄̇𝑔𝑒𝑟 . 𝑊̇𝑏𝑜𝑚𝑏!
 (1) 

 

 

2.1 Mathematical Equations 

 

In this item, the mathematical equations that govern the physical phenomena in each control volume will be presented, 

as shown in Figure 2. It is crucial to highlight that each component of the system is individually modeled but they are 

coupled together to form the complete system. This means that the equations describing the behavior of each component 

are developed separately, considering the interactions between them to obtain a comprehensive representation of the 

system as a whole. This approach allows for a detailed analysis of each component and its influence on the overall 

performance of the cassette-type fan coil cooling system. 

 

 

• Control Volume 1 (CV1) - Refrigerator 

• Control Volume 2 (CV2) - Reservoir 

• Control Volume 3 (CV3) - Fan coil unit 1 

• Control Volume 4 (CV4) - Space 1 

• Control Volume 5 (CV5) - Fan coil unit 2 

• Control Volume 6 (CV6) - Space 2 

 

 

 

 

 

 

 

 

 

Figure 1: Operation scheme of the system. 

 

2.1.1 Control volume 1  

 

Initially, a mass and energy balance were performed in CV1, identifying the mass and energy flows entering and 

leaving this first control volume, as well as the heat loss that occurs in the process, as shown in equation (2). Subsequently, 

the remaining processes occurring in the refrigerator are modeled based on the same principle. 

After identifying the elements entering and exiting the volume, equation (3) demonstrates the application of the mass 

and energy balance. In this equation, the input parameters are represented by the energy produced in the refrigerator and 

the mass flow rate (𝑚̇𝑟) of the thermal fluid entering the refrigerator, the specific heat capacity (𝐶𝑤) and the initial 

temperature of the thermal fluid (𝑇𝑟) upon entering the refrigerator. The output parameters of the refrigerator are the same 

as the input parameters: the water flow rate (𝑚̇𝑟) at which the fluid exits the refrigerator, the specific heat capacity, and 
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the outlet temperature of the thermal fluid. It is worth noting that the cooling capacity of the refrigerator (𝑄̇𝑟) is 17.580 

kW. On the other hand, equation (4) models the variation of the temperature of these same parameters as a function of 

time. 
 

 

𝑬𝒓 = 𝑀𝑟 . 𝐶𝑤 . 𝑇𝑟 

 

(2) 

𝑑𝐸𝑟

𝑑𝑡
= 𝑚̇𝑟 . 𝐶𝑤 . 𝑇𝑟 − 𝑚̇𝑟 . 𝐶𝑤 . 𝑇𝑟 . 𝑄̇𝑟 

(3) 

𝑑𝑇𝑟

𝑑𝑡
=

𝑚̇𝑟 . 𝑇𝑟 − 𝑚̇𝑟 . 𝑇𝑟

𝑚𝑟

− 
𝑄̇𝑟

𝑚𝑟 . 𝐶𝑤

 

(4) 

 

2.1.1 Control volume 2 

 

 

For the equation of CV2, this control volume is characterized by two stages. In the mathematical modeling of this 

component, we consider the same factors as the previous control volume but only change the input parameters for a water 

reservoir. We have an input of the thermal fluid and its output towards the Fan coil unit (CV3), as well as the return of 

this fluid from CV3 to CV2 and the output of the thermal fluid towards the refrigerator (CV1). Equation (5) was developed 

to guide the mathematical modeling of control volume 2. In this equation, (𝑬𝒓𝒆) represents the energy produced in the 

reservoir, the specific mass flow rate of the thermal fluid entering the reservoir (𝑚̇𝑟𝑒), the specific heat capacity (𝑪𝒘) and 

the temperature at which the fluid is produced (𝑇𝑟𝑒) in CV2. 

 

𝑬𝒓𝒆 = 𝑚𝑟𝑒 . 𝐶𝑤. 𝑇𝑟𝑒 (5) 

𝑑𝐸𝑟𝑒

𝑑𝑡
= 𝑚̇𝑟𝑒. 𝐶𝑤 . 𝑇𝑟 − 𝑚̇𝑟𝑒. 𝐶𝑤 . 𝑇𝑟𝑒 + 𝑚̇𝑓 . 𝐶𝑤. 𝑇𝑓 − 𝑚̇𝑓 . 𝐶𝑤. 𝑇𝑟𝑒 + 𝑈𝑟𝑒 . 𝐴𝑟𝑒 . (𝑇𝑎 − 𝑇𝑟𝑒) (6) 

𝑑𝑇𝑟𝑒

𝑑𝑡
=

𝑚̇𝑟𝑒. 𝑇𝑟 − 𝑚̇𝑟𝑒. 𝑇𝑟𝑒 + 𝑚̇𝑓 . 𝑇𝑓 − 𝑚̇𝑓 . 𝑇𝑟𝑒

𝑚𝑟𝑒

−
𝑈𝑟𝑒 . 𝐴𝑟𝑒 . (𝑇𝑎 − 𝑇𝑟𝑒)

𝑚𝑟𝑒 . 𝐶𝑤

 (7) 

 

Equation (6) integrates CV2 over time, considering the input parameters such as mass flow rate (𝑚̇𝑟𝑒), specific heat 

capacity (𝑪𝒘) and temperature at the inlet of the thermal fluid in the reservoir (𝑇𝑟𝑒). The fluid originates from CV1, and 

the equation also describes the fluid leaving the reservoir (𝑚̇𝑟𝑒. 𝐶𝑤 . 𝑇𝑟𝑒). CV2 receives the return fluid from the fan coil 

unit, and at this point, the mass flow rate of the fluid coming from the fan coil unit (𝑚̇𝑓), specific heat capacity (𝑪𝒘) and 

temperature of the thermal fluid in the reservoir (𝑇𝑟𝑒), are calculated, taking into account the Global Reservoir Coefficient 

(𝑈𝑟𝑒) and the reservoir area (𝐴𝑟𝑒), which affect the ambient temperature (𝑇𝑎) and reservoir temperature (𝑇𝑟𝑒). 

Therefore, equation (7) deals with the temperature of the thermal fluid, integrated over time. It includes the same 

input and output equations of CV2, as well as adding the term (𝑈𝑟𝑒 . 𝐴𝑟𝑒. (𝑇𝑎 − 𝑇𝑟𝑒) which represents the process where 

the fluid leaves the reservoir at a lower temperature towards the cassette fan coil unit (CV3). The fan coil unit receives 

this fluid at a lower temperature, conditioning the environment, and then returns to the reservoir with a temperature closer 

to the ambient temperature. This takes into account the Global Reservoir Coefficient, which measures a system's capacity 

to transfer heat between two mediums relative to the reservoir area, the ambient temperature that cools the environment, 

as well as the temperature of the reservoir water. 
 

2.1.2 Control volume 3  

 

Control Volume 3, which corresponds to a cassette-type hydronic fan coil unit, utilizes a chilled water system for 

cooling the environments. It is designed to be compact and robust, located within the space where the conditioning will 

take place. For the mathematical modeling of CV3, we consider the same factors as in Control Volumes 1 and 2, but with 

a modification to the energy-producing component, which is the fan coil unit. In this case, we consider the mass flow rate 

(𝑚𝑓) f the fluid entering the fan coil unit, the specific heat capacity (𝐶𝑤) and the temperature (𝑇𝑓) at which the thermal 

fluid enters the fan coil unit, as presented in equation (8). 
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𝑬𝒇 = 𝑚𝑓 . 𝐶𝑤. 𝑇𝑓  (8) 

𝑑𝑇𝑓

𝑑𝑡
=

𝑚̇𝑓 . 𝑇𝑟𝑒

𝑚𝑓

−
𝑚̇𝑓 . 𝑇𝑓

𝑚𝑓

−
𝑈𝑓 . 𝐴𝑓 . (𝑇𝑠 − 𝑇𝑓)

𝑚𝑓 . 𝐶𝑤

 (9) 

 

In equation (9), we perform the integration of the thermal fluid temperature in the fan coil unit (𝑑𝑇𝑓) with respect to 

time (𝑑𝑡). In this process, the thermal fluid from the reservoir (𝑚̇𝑓 . 𝑇𝑟𝑒) enters the fan coil unit (𝑚̇𝑓) and the cooling of a 

space occurs (𝑇𝑠). We take into account the temperature at which the thermal fluid enters the fan coil unit (𝑇𝑓) and the 

area of the fan coil unit (𝐴𝑓). Subsequently, the fluid exits the fan coil unit at ambient temperature and returns to the 

reservoir. In this equation, we also consider the Global Coefficient determined for the fan coil unit.  

 

2.1.4 Control volume 4 
 

When modeling Volume Control 4 (VC4), the following information is taken into consideration: the calculated 

thermal load for a space (𝑄𝑠̇), which is 28.967 BTU/h or 8,49 Kw, the ambient temperature (𝑇𝑠), which is assumed to be 

30ºC, and the amount of heat removed from the space by the fan coil unit (𝑄̇𝑓). 

 

𝑬𝒔 = 𝑚𝑠. 𝐶𝑉𝑎𝑟 . 𝑇𝑠 (10) 

𝑑𝑇𝑠

𝑑𝑡
=

𝑈𝑠. 𝐴𝑠. (𝑇𝑎 − 𝑇𝑠)

𝑚𝑠. 𝐶𝑉𝑎𝑟

−
𝑈𝑓 . 𝐴𝑓 . (𝑇𝑠 − 𝑇𝑓)

𝑚𝑠. 𝐶𝑉𝑎𝑟

+
𝑄𝑠̇

𝑚𝑠. 𝐶𝑉𝑎𝑟

 (11) 

 

The main equation for VC4, presented as Equation 10, describes the energy generated by the space (𝑬𝒔), the specific 

heat of air, volume, and constant (𝐶𝑉𝑎𝑟), long with the standard temperature defined for a room (𝑇𝑠). This equation is 

crucial in guiding Equation 10, where the temperature of the thermal fluid entering the space is integrated over time (𝑑𝑡). 

Initially, the equation is developed for the space, considering the global coefficient for that space, the area of the space 

(𝐴𝑠) which directly influences the cooling process, and the corresponding temperatures between the room and the external 

environment (𝑇𝑎 − 𝑇𝑠). This expression is then divided by the flow rate of the thermal fluid entering the space and the air 

constant (𝑚𝑠. 𝐶𝑉𝑎𝑟). Next, we have the equation that models the fan coil unit within the space, taking into account the 

global coefficient for the fan coil unit (𝑈𝑓), the area of the fan coil unit (𝐴𝑓), and the temperature difference between the 

space and the fan coil unit (𝑇𝑠 − 𝑇𝑓). his expression is also divided by the flow rate of the thermal fluid entering the space 

and the air constant. Finally, the thermal load generated by the space (𝑄𝑠̇) is considered. 

For the modeling of the remaining volume controls, the same ammonia absorption chiller was chosen, with a cooling 

capacity of 5 TR, as well as the 500-liter reservoir. As illustrated in Figure 1, each fan coil unit has a separate inlet and 

outlet for the thermal fluid, connecting to the reservoir. As a result, the cooling capacity in the space is reduced since the 

thermal fluid has already been used to cool another space previously. 
 

2.2 Model implemetation  

 

To initiate the simulation of the mathematical modeling, it was necessary to define some of the input parameters of 

the model. The values of these parameters are presented in Table 1 and were thoroughly described during the mathematical 

development of each volume control. The global heat transfer coefficients were determined based on literature use to 

calculate the overall heat transfer coefficient and the heat transfer through a multi-layered wall (Engineering ToolBox, 

2003). With this, it will be possible to analyze the influence of these parameters on the environment's air conditioning, as 

well as the inlet temperatures of the thermal fluid in each component. Subsequently, a parametric analysis will be 

conducted to evaluate the operational performance of the volume controls. 

 

 

2.2.1 Numerical method 

 

The numerical problem to be solved consists of the numerical integration of ordinary differential equations (ODEs) 

that describe the behavior of the system. The mathematical model was computationally implemented using the Fortran®90 

programming language. The ODEs are integrated explicitly in time using adaptive time-stepping and the 4th/5th order 

Runge-Kutta method (KINCAID and CHENEY, 1991). In numerical terms, the time step size is automatically adjusted 

based on the local truncation error, keeping it below a specified tolerance of 10-6. The developed computational code 
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includes stopping criteria that allow calculations to be performed until a predetermined final time or until a steady-state 

condition is reached (MARTINHO, 2013). 

 

Table 1: Input parameters for model simulation. 

 

Parameters Symbols Value Unit 

Refrigerator heat transfer 

 

17.580.3 kW 

Refrigerator volume Vr 0.005 m3 

Mass flow of fan coil 
 

100 kg/s 

Reservoir volume Vre 0.5 m3 

Fan coil volume Vf 0.005 m3 

Fancolete global coefficient Uf 100 w/m²k 

Fan coil area 1 Af 2 m2 

Fan coil area 2 Af2 2 m2 

Global Coefficient of Spaces Us 1 w/m²K 

Space area 1 Asl1 48 m2 

Space area 2 Asl2 17 m2 

Global Cooler Coefficient Ur 500 w/m²K 

Refrigerator Saturation Temperature Tst -18,9 ºC 

 

 

3 RESULTS 
 

After finalizing the mathematical modeling of the system, the simulated results will be presented, with a specific 

focus on cassette-type fan coils. These simulations will provide detailed information about two main aspects: the 

environment in which the fan coils are installed and the mass flow rate of the system. Additionally, a parametric analysis 

will be conducted to evaluate different configurations and parameters related to the fan coil. These simulated results are 

of utmost importance to understand the behavior and performance of cassette type fan coil, allowing for in-depth analysis 

and assisting in decision-making for optimization and improvement of the overall system. 

 

3.1 Mass flow rate of the fan coil 
 

Figure 3 shows the variation of the fan coil mass flow rate in a specific environment, analyzed based on the variation 

of the ideal thermal fluid flow rate adopted in the methodology of this study. The results observed in Figure 00 

demonstrate that initially, an adequate flow rate for the fan coil is 100 kg/s, where the coefficient of performance (COP) 

is 0.0057 (COP = 0.57). Subsequently, different values were applied to determine the optimal flow rate, which provides 

the best performance of the fan coil in cooling the room. 

In the analyzed system, lower COP values were observed when the flow rate was increased above 100 kg/s, 

indicating a decrease in performance. Similarly, when the fan coil flow rate was reduced to lower values, such as 0.001 

kg/s, the COP was 0.02. On the other hand, when the flow rate was increased to more than 10 kg/s, the COP also tended 

to decrease. In the range of flow rates between 0.1 m3/s and 0.9 m3/s, the coefficient of performance showed better 

performance in relation to the fan coil flow rate. Therefore, the ideal flow rate for the fan coil was determined as 1 kg/s, 

resulting in a COP close to 0.12. 
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Figure 2: Parametric analysis based on the mass flow rate of the fan coil.  
 

In this second analysis of the fan coil flow rate, we investigated the influence of Control Volume 1 when adopting a 

maximum cooling load in the environment. Additionally, we conducted a parametric analysis of this parameter in relation 

to the Coefficient of Performance (COP), testing different flow rates to determine the optimal flow rate for the system 

under maximum load. The loads varied from those established in the methodology to the limit of thermal comfort.  

Figure 4 presents the parameters used for system operation, starting with flow rates above 100 kg/s and gradually 

increasing. Initially, we observed good performance when flow rates higher than those used in the methodology were 

adopted. The system achieved excellent Coefficient of Performance (COP) values when adopting a mass flow rate of 200 

kg/s, and it even found an optimal flow rate of 300 kg/s with a COP of 0.69. Thus, we can affirm that the higher the mass 

flow rate adopted for this fan coil, the better its efficiency. However, it was also observed that the system's efficiency 

started to decline as increasingly higher flow rates were used. Therefore, it is understood that the ideal flow rate when the 

system operates under maximum load is 300 kg/s. 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

Figure 3: Parametric analysis based on the fan coil flow rate. 
 

 

3.2 Mass flow rate of the fan coil unit for two spaces 

 

In the simulation for 2 spaces, mass fractions of the thermal fluid were determined for each environment. Initially, 

a standard value of 0.7 (7%) was set for VC4, which is a 48m2 environment with higher foot traffic and a greater number 

of equipment, resulting in a higher heat generation. The remaining fluid was directed to the other environment. Therefore, 

Figure 05 shows the optimizations performed on the fan coil units (VC3 and VC5) for environments VC4 and VC6, 

according to the determined fraction for each environment, namely 0.2 (2%), 0.5 (5%), and 0.7% (7%) as a function of 

the coefficient of performance. 
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Figure 4: Mass flow rate of the fan coil unit for 0.2% (A), 0.5% (B), and 0.7%(C) fraction as a function of COP. 

 
Figure 5 showcases the simulated model for mass flow rates ranging from 0.1 to 40 kg/s with a fraction of 0.2 (2%). 

Significantly meaningful values were observed when a mass flow rate lower than 40 kg/s was adopted. The system 

achieved a performance coefficient of 0.219 (COP = 0.21) when a flow rate of 5 kg/s was implemented. 

In the analysis of Figure 5 (B), a fraction of 0.5 (5%) for the refrigerant water was utilized. The system exhibited 

optimal performance when the mass flow rate was 5 kg/s, resulting in a COP of 0.22. Similarly, in the case of a fraction 

of 0.7 (Figure 5 (C)), which served as the standard for this mathematical model, the system demonstrated its best 

performance with a flow rate of 5 kg/s and a COP of 0.22. These findings suggest that the system achieves superior 

performance in terms of COP when operating at a flow rate of 5 kg/s. 

In Figure 6, the optimization of the mass flow rate of the fan coil unit is presented when the system considered the 

maximum load for VC6 of 18,000 kW, which corresponds to the maximum capacity required to maintain thermal comfort 

in accordance with the ABNT NBR 16401-2:2008 standards. Initially, when flow rates ranging from 0.1 to 10 kg/s were 

considered, the system exhibited lower performance than expected for an absorption refrigeration system, with a COP of 

0.207 (COP = 0.2). Subsequently, variations were made starting from 40 kg/s, and it was observed that when the system 

adopted a flow rate of 80 kg/s, the model achieved better performance, resulting in a COP of 0.416 (COP = 0.4). Beyond 

this flow rate, the system's COP decreased. Hence, it can be concluded that the optimal flow rate for the system when 

VC6 operates at its maximum load is 80 kg/s. 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

Figure 5: Optimization of fan coil unit mass flow rate under maximum load 
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4 CONCLUSIONS  
 

Initially, mathematical equations were developed to simulate the application of a 5 TR refrigeration system, 

specifically focusing on fan coil units. This allowed for the prediction of system operation conditions during the cooling 

process of the environments. The developed model was applied to two spaces under different operating conditions, from 

the initial state until reaching steady-state. These simulations helped identify the mass flow rates of the fan coil units and 

understand their influence on space cooling. Additionally, a parametric analysis was conducted based on the coefficient 

of performance, and the maximum capacity of the spaces to achieve thermal comfort was predicted. It is expected that 

this model, developed in this study, can be utilized as a feasible and efficient computational tool for real-world simulations 

in environments, aiding in proper sizing and providing insights into the optimal operation of cassette-type fan coil units. 
 

The main observations raised through the parametric analyses are as follows: 

 

• And when values between 0.1 m3/s and 0.9 m3/s were assigned, the coefficient of performance showed better 

performance in terms of the fan coil unit mass flow rate for cooling a space. 

• For the maximum thermal load in two spaces, the system adopted a flow rate of 80 kg/s, which demonstrated the 

best performance, resulting in a COP of 0.416 (COP = 0.4). 

• When the model simulated different percentages of thermal fluid (0.2%, 0.5%, and 0.7%) in the spaces, it was 

observed that the system exhibited better performance in terms of COP when the system flow rate was 5 kg/s. 

 

• The optimal flow rate for the system when VC6 operates at its maximum load is 80 kg/s. 
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