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Abstract— The experimental testing for the determination of 

the thermal characteristics of VRF system is very common, 

but these experimental testing are not preferable considering 

the cost and the time. One substitute to the experimental 

testing is the utilization of computational fluid dynamics 

(CFD) analysis to guess the thermal features of these types of 

systems. However, CFD models are also not suitable to be 

used as a design tool since the considerably amount of 

computational power and the computational time required 

due to the complex geometric structures of the VRF systems. 

In the present paper the analysis of the complete VRF systems 

is done in fluent14.5 and an attempt is done to enhance the 

comfort level of the occupants & at different velocities 

distribution of temperatures is analyzed. 
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I. INTRODUCTION 

Variable refrigerant flow (VRF) systems, which were 

introduced in Japan more than 20 years ago, have become 

popular in many countries. The technology has gradually 

expanded its market presence, reaching European markets in 

1987, and steadily gaining market share throughout the 

world. In Japan, VRF systems are used in approximately 50% 

of medium-sized commercial buildings (up to 70,000 ft2 

[6500 m2]) and one-third of large commercial buildings 

(more than 70,000 ft2 [6500 m2]). The area of large public 

buildings is 5%~6% of the sum of town area, but the 

electricity consumption of this kind of buildings is 100~300 

kWh/ (m2a.), more than ten times of residential buildings [1]. 

Heating, ventilation and air conditioning system is 

responsible for approximately 50% consumption from total 

building energy consumption in developed countries [2]. 

Therefore, the electricity consumption in public buildings is 

a huge part of total energy consumption. Large public 

buildings generally adopt the centralized air conditioning 

system. VRF (Variable Refrigerant Flow) air conditioning 

system is causing more and more attention in recent years, 

due to its efficient operating and improving thermal comfort 

of indoor environment. VRF air conditioning system is a kind 

of variable refrigerant flow air conditioning system and its 

principle is Inverse Carnot Cycle as the same as other air 

conditioning system. The difference between VRF air 

conditioning system and centralized air conditioning system 

is whether heat exchange directly occurred between 

refrigerant and indoor environment. Scholars have done a lot 

of research on the efficiency [3], and energy saving potential 

[4] through numerical simulation and theoretical algorithm. 

Compared to the centralized air conditioning system, the 

adjustability and energy saving effect of VRF air 

conditioning system is worth studying. The present numerical 

simulation and theoretical analyze are not completely 

considered the impact of these factors, such as adjustability 

and energy saving potential, therefore, studying two systems 

characteristics of adjustability and energy saving potential 

combined with the monitoring data of electricity 

consumption is more meaningful. 

II. EVALUATION & TECHNOLOGY 

Ductless space conditioning products, the forerunner of 

multi-split and VRF systems, were first introduced in Japan 

and elsewhere in the 1950s as split systems with single indoor 

units and outdoor units. These ductless products were 

designed as quieter, more efficient alternatives to window 

units (Smith, 2007). Products have evolved from a few indoor 

units operating off each outdoor unit, to multi split products 

with 4 units to 8 units in the late 1980s, to 16 units in the early 

1990s, to 32 units by 1999. Today’s advanced systems permit 

as many as 60 or more indoor units to operate off one outdoor 

unit, enabling application in large commercial buildings. 

Electronically commutated motors, inverter-driven/capacity 

modulated scroll compressors, multiple compressors, 

versatile configurations and complex refrigerant and oil 

circuitry, returns, and controls have enabled this addition of 

up to 60 indoor units. Refrigerants have also changed. The 

early “mini-split” systems used R-22 refrigerant, then R-

407C, and today’s systems rely on R-410A, multi split 

systems, and variable refrigerant flow systems (Dyer, 2006). 

Multi-splits offer some of the major advantages of 

VRF systems, such as zoning, capacity control, ease of 

retrofit, low installation costs, and minimizing ducting and 

use of secondary fluids and associated costs and losses. On 

the other hand, their simpler piping results in longer total 

length of piping compared to VRF systems. Similarly, multi-

split heat pumps do not have the opportunity for heat recovery 

between units that are cooling and units that are heating. As 

such, multi-split systems should be considered for smaller, 

simpler buildings where heat recovery is not a possibility and 

fewer numbers of zones need to be conditioned. 

 
Fig. 1: 
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A. How Does VRF Work?: 

Multi-splits include multiple indoor units connected to a 

single outdoor unit. Ductless products are fundamentally 

different from ducted systems in that heat is transferred to or 

from the space directly by circulating refrigerant to indoor 

units (evaporators or condensers) located near or within the 

conditioned space. (When the indoor units are in the cooling 

mode they act as evaporators and when they are in the heating 

mode they act as condensers.) In contrast, conventional 

ducted systems transfer heat from the space to the refrigerant 

by circulating air (in ducted systems) or water (in chillers) 

throughout the building. 

VRF systems are enhanced versions of ductless 

multi-split systems, permitting more indoor units to be 

connected to each outdoor unit and providing additional 

features such as simultaneous heating and cooling and heat 

recovery. VRF heat pump systems permit heating in all of the 

indoor units, or cooling of the all the units, not simultaneous 

heating and cooling. Heat recovery systems provide 

simultaneous heating and cooling as well as heat recovery to 

reduce energy use during the heating season. 

Over the past 15 years the technology has advanced in a 

number of areas: 

 Standard compressors to variable speed and capacity 

modulated scroll compressors 

 Direct driven outdoor fans to variable frequency drive, 

inverter-driven fans 

 Direct driven indoor coil motors to direct current or 

ECM-type motors 

 Variable capacity indoor units 

 Better heat exchanger surfaces with multi-segmented 

coils 

 Improved controls and diagnostics 

 R-22 to R-410A 

 Better refrigerant charge and oil management 

Other features include the addition of concealed 

ducted units and ceiling cassette configurations to the 

traditional wall-mounted units. Refrigerant piping runs of 

more than 200 feet are possible and outdoor units are 

available in sizes up to 240,000 Btu/ hr. 

B. Research Objectives: 

 Model preparation of Building. 

 Modeling of VRF system. 

 Study the effect of flow rate on the efficiency of VRF 

system & propose the best possible outcome.  

C. Model preparation: 

Model has been prepared in hyper mesh 11.0 model in  Which 

four compartments are made for the analysis of   VRF 

systems and then meshing is done (tetragonal meshing for 

inside fluid medium which is considered as air throughout & 

tria meshing for walls, floor & roof) 

 

 
Fig. 1: Hyper mesh geometry 

III. MESHING 

Meshing is being done to limit the degree of freedom of any 

device as anything ,be it a small pen has infinite degree of 

freedom. So, meshing helps in breaking down the thing into 

some elements to limit its degree of freedom 

A. Meshed Geometry: 

 

 
Fig. 2: Outer surface was meshed with tria element & inner 

fluid (i.e. air) is meshed with tetra element 
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Baseline case 1 

Outlet Velocity: 10m/s 

VRF Inlet Temp: 15Degreee Celsius (288.15K)  

 

 
Fig. 3: 

  

 

 
Fig. 4: Average Room Temperature: 288.5 

Case2: Inlet Velocity: 15m/s: 

 

 
Fig. 5: 

When velocity is increased from 10 m/s to 15 m/s it 

can be clearly seen that the distribution is more Uniform and 

hence by increasing the flow velocity from the evaporator 

more uniform distribution of Cool air can be obtained. 

 

 
Fig. 6: 
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Fig. 7: 

 Average Room Temperature: 288.4 – Thus the temperature 

obtained keeping velocity 15 m/s is also less than the one 

obtained at 10 m/s 

IV. METHODOLOGY 

Fluent 14.5 is used to analyze the geometry created in 

hypermesh & in fluent standard k-epselon model of two 

equations is used for further analysis, absolute velocity is 

considered than boundary conditions (velocity 10 m/s & 15 

m/s) are considered for each evaporator of a vrf system 100 

iterations are done & then the complete model is run with the 

help of  CFD POST. 

V. RESULTS AND CONCLUSIONS 

The multi-split VRF is a HVAC technology for connecting 

multiple indoor units to a single outdoor unit, which has the 

ability to control the refrigerant mass flow rate according to 

the cooling and/or heating load. The VRF provides an 

alternative choice to traditional HVAC central systems. 

By setting proper velocity  of the air coming out of 

the evaporator comfort level of the occupants can be 

enhanced to higher level as more uniform distribution of air 

as well as temperature is obtained by doing so. 
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