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Abstract— An evaporator main components of air 

conditioning and refrigeration system. An evaporator used 

in different refrigerant and air conditioning application in 

food beverage industries etc. an evaporator in air 

conditioning system in used to evaporate liquid and convert 

into vapour while absorbing heat in this process , in this 

paper present the study of fin tube evaporator.an 

experimental data were collect from the ICICE MAKE 

company. After collecting data of fin tube evaporator model 

is prepared using solid works. And analysis of evaporator 

performance at the change of mass flow rate of evaporator 

and refrigerant using R-410a. At the end analysis carried out 

on it using ANSYS CFD to determine outlet temperature of 

evaporator. 
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I. INTRODUCTION 

An evaporator is used in an air-conditioning system or 

refrigeration system to allow a compressed cooling chemical 

, such as Freon or R-410a, to evaporate from liquid to gas 

while absorbing heat in the process. Stopped Evaporation is 

the removal of solvent as vapor from a solution, slurry or   

suspension of solid in a liquid. The aim is to concentrate a 

non-volatile solute, such as organic compounds, inorganic 

salts, acids or bases from a solvent. Common solutes are 

caustic soda, caustic potash, sodium sulfate, sodium 

chloride, phosphoric acid, and urea. The most common 

solvent in most of the evaporation systems is water. 

Evaporation differs from the other mass transfer 

operations such as distillation and drying. In distillation, the 

components of a solution are separated depending upon their 

distribution between vapor and liquid phases based on the 

difference of relative volatility of the substances. Removal 

of moisture from a substance in presence of a hot gas stream 

to carry away the moisture leaving a solid residue as the 

product is generally called drying. Evaporation is normally 

before the solute starts to precipitate in the operation of an 

evaporator. In this study a fluid dynamic tool CFD is used 

and mathematical calculation to satisfy the change 

parameters of evaporator such as mass flow rate, and tube 

diameter. 

It can also be used to remove water or other liquids 

from mixtures. The process of evaporation is widely used to 

concentrate foods and chemicals as well as salvage solvents. 

 In the concentration process, the goal of evaporation is to 

vaporize most of the water from a solution which contains 

the desired product. 

Nomenclature 

A = Cross section area of tube m
2
 

g = acceleration of gravity, m/s
2
   

K= thermal conductivity W/m
 
K 

m= mass flow rate, kg/s  

Q = volume flow rate, m
3
/minute 

NTU =Number of transfer unit 

h = convective heat transfer  W/m
2
K 

Nu = Nusslte Number 

LMTD = logarithmic mean temp diff.  

Re = Reynolds number 

Cp = specific heat kJ/kg K 

V = velocity, m/s  

Greek Symbols 

ɛ = Effectiveness  

μ = Dynamic viscosity kg/m-s 

ρ = density, kg/m
3
  

II. ACTUAL MODEL OF EVAPORATOR 

 

Fig. 1: Actual Model of Fin Tube Type Evaporator 

III. Ԑ-NTU METHOD 

The heat transferred by a heat exchanger can be obtained by 

the following equations. 

                                Qh = mh Cp,h (Th,i – Th,o) 

                                Qc = mc Cp,c (Tc,o – Tc,i)  

Where Qh and Qc are the heat transferred by hot and cold 

fluids respectively 

Cp,h and Cp,h are specific heats  

mh and mc are mass flow rates  

Th,i and Tc,i are the inlet temperatures 

 Th,o and Tc,o are the outlet temperatures 

 and by  

energy balance 

 Qh = Qc = Q In actual case the heat provided by a hotter 

fluid to the fluid at low temperature is not exactly equal due 

to losses and resistances in the form of wall fouling.  

Q = UAᐃT(LMTD) 

where U= Overall heat transfer coefficient    

U = 39.6 W/m
2
K 
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A= Surface area of tubes 

ᐃT(LMTD)   = Logarithmic mean temperature difference.  
ε = 1- e-NTU 

ε = 1- eˉ1.137  

ε = 0.67 

ε = mCp  (Thi-Tho ) /mCp (Thi-Tci )  

0.67 = (296 –Tho) /(296-259) 

Tho =271.21 K 

Exit temperature of evaporator  with   refrigerant                    

R -410 a =271.21 K 

IV. MODEL CONSTRUCTION 

A model of Evaporator was created in solid works software for 

this study as shown in Fig 2. A number of such models were 

created by changing the Tube diameter and keeping the rest 

of the specifications as same and exported the model in 

Autodesk CFD 2015 software. Autodesk CFD 2015 

software is a CFD tool        

Specifications of actual the Evaporator:- 

Inlet diameter of evaporator tube = 9.53 mm 

Outlet diameter of evaporator tube = 8.53 mm 

Thickness of evaporator                = 0.5 mm 

Tube pitch (longitudinal)                =25 mm 

Tube pitch (transvers)                    =30mm 

Tube Material                                 = copper  

Tube bending radius                       = 30 mm 

Number of turn                                = 9 

0ver all size of evaporator             = 1448mm×406.4 mm 

Material of fin                                = aluminum 

Mass flow rate of air                     = 1.5 kg/s  

Average temperature of air          = 296 K 

Inlet temperature of evaporator    = 259 K 

Outlet temperature of evaporator   = 269 K 

Mass flow rate                               = 1.5 kg 

Tube fluid                                      = R-22 

Refrigerant                                     =R-22 

Procedure -: In this study CFD Autodesk CFD 

2015 is used to simulate parametric optimization of 

evaporator in tube type e. Different types of equations like 

Conservation of Mass and Naviour stoke equation related to 

fluid mechanics involved have been solved with appropriate 

boundary conditions. The finite volume method and grid 

generation in the CFD environment provided by the 

software was used. Following is the brief outline of the 

method adopted 

1) Create working fluid of air and select material of 

the Evaporator tube (copper) and fin material 

(aluminum)  

2) Now create the Boundary Conditions at the inlet  

condition. At the inlet pressure – 0 Pascal gauge 

pressure. 

3) Define the mesh distribution using coarse -Sizing 

was gives in this study. 

4) Solving the application to obtain the result. 

 

Fig. 2: A CFD Sub Scale Model of the Evaporator 

V. RESULT AND DISCUSSION 

The results of the analysis are shown in Fig. 3, Table 1 and  

mass flow rate and outlet temperature graph The results 

obtained are also compared with the ideal performance 

curve using the theory of turbo machines.  

V.1 Temperature Variations across the length of 

evaporator In, Fig 3.and table 1, the results obtained by the 

CFD software after giving the boundary conditions as 

mentioned earlier in the procedure adopted. The values  of 

the maximum exit evaporator temperature is about 275.69 K 

at mass flow rate is 1.5 kg and evaporator tube diameter is 

10.53 mm. And   minimum exit temperature value is about 

267.53 K at mass flow rate 1.7 kg and tube diameter is 

8.53mm. 

 
Fig. 3: The Temperature Variations across the Tube Length 

V .2 CFD Result:- Showing the change  mass flow 

rate and outlet temperature of evaporator. 

Mass flow 

rate(kg/s) 

Tube diameter 

(mm) 

Outlet temperature 

evaporator (K) 

(CFD Result) 

1.2 8.53 
268.017 

 

1.5 8.53 
268.68 

 

1.7 8.53 
270.53 

 

1.9 8.53 
269.68 
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2.2 8.53 
267.59 

 

2.5 8.53 
266.69 

 

Table 1: 

 V.3 Optimization of exit temperature of evaporator.  

In mass flow rate and outlet temperature graph shown in 

first exit temperature is increasing  at mass flow rate 1.2 kg 

and diameter of evaporator tube 8.53mm and after that 

constant 1.7 kg and tube diameter is still constant  and then 

decreasing at mass flow rate 1.9 kg and evaporator tube 

diameter is 8.53mm. 

 
Fig. 4: 

VI. CONCLUSIONS 

VI.1 Effect of mass flow rate on outlet Temperature It can 

be observed from graph 1 that the out let temperature 

increase at value of  1.5 kg/s to 1.7 kg/s of mass flow rare 

than stars to decrease with increase of mass flow rate. 
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