
International Journal of Emerging Trends in Engineering and Development                   Issue 3, Vol.1 (January 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                         ISSN 2249-6149 
 

 Page 117 
 

 

 

REVIEW OF PARAMATRIC OPTIMIZATION AND CFD 

ANALYSIS OF EVAPORATOR 

 

Kiran.B.Parikh
1
, Tushar.M.Patel

2
 

1
M.E Scholar, Thermal Engineering, LDRP-ITR, Gandhinagar, Gujarat. 

Ph no: 9662869158,  

2
 Associate professor, LDRP-ITR, Gandhinagar, Gujarat. 

 Ph no: 9879799575, 

______________________________________________________________________________  

ABSTRACT 

 An evaporator is mainly used in different application like used in food and beverage 

industry, in the pharmaceutical industry, one of the most important applications of evaporation is 

in the Air-conditioning system. An evaporator in air conditioning system to evaporate liquid and 

convert in to vapour while absorbing heat in the processes, purpose of this review paper is to 

assess some aspects of the design of evaporators and validate with experimentally data with the 

use of computational fluid dynamics then simulation and optimization the parameter of 

evaporator with the use of   Computational Fluid Dynamics (CFD). On CFD software tries to 

vary the parameters of evaporator and get the optimum design of evaporator and get the 

maximum heat transfer rate, pressure drop and efficiency. 
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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. 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. 

 Evaporation is an operation used to remove a liquid from a solution, suspension, or 

emulsion by boiling off a portion of the liquid. It is thus a thermal separation, or thermal 

concentration, process. We define the evaporation process as one that starts with a liquid product 

and ends up with a more concentrated, but still liquid and still pumpable concentrate as the main 

product from the process.   

 

 In the evaporator, the refrigerant is evaporated by the heat transferred from the heat source. 

The heat source may be a gas or a liquid or, e.g. in food freezers, a solid. During evaporation, the 

temperature of a pure refrigerant is constant, as long as the pressure does not change. The basic 

temperature profile through an evaporator with liquid or gas phase heat source is therefore as 

shown in Figure .As shown; the temperature of the refrigerant must be below that of the heat 

source. This low refrigerant temperature is attained as a result of the reduction in pressure caused 

by the compressor: When the compressor is started and the pressure reduced, the equilibrium 

between liquid and vapour in the evaporator is disturbed. To re-establish equilibrium, more 

vapour is formed through evaporation of liquid. The heat of vaporization necessary for this is 

taken from the liquid itself, and therefore the liquid temperature drops. As heat starts to flow 

from the heat source, a new equilibrium temperature is established. In the evaporator there is 
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thus a balance between the heat transferred to it due to the temperature difference between the 

evaporator and the surroundings, and the heat transferred from it in the form of heat of 

vaporization of the vapour drawn into the compressor. 

 The evaporator is one of the four basic and necessary hardware components of the 

refrigeration system. Pressure drop, heat transfer rate, evaporation rate and most important thing 

is efficiency of evaporator, all four things are increase and  improve by getting optimum 

parameter of evaporator, this optimum parameter of evaporator are generated with the help of  

experimental data and CFD analysis. 

  

II. REVIEW 

Time rolls on and shadow falls but the work carried out by the eminent personalities will 

always be the stepping-stone for the future revelations. As the saying in all matters success 

depends on preparation; without preparation there will always be failure. This section briefly 

discusses about the previous work carried out by the researchers in the various fields which are 

related to topic and helped one gain to build platform for my work. 

This paper presents the detailed literature review on the effect of parameter on evaporator 

design, CFD analysis of heat exchanger, effectiveness of evaporator. Finally, this paper 

concludes with the scope of the present work. 

 

Aytunc¸ Erek et al [1] observed Greater heat transfer and pressure drop values are obtained as 

the fin height is increased, due to the increased heat transfer surface area. As the tube thickness is 

decreased, heat transfer is increased whereas pressure drop is decreased. Because heat resistance 

between water and flue gas is lower for this case. As ellipticity increases in a tube, the heat 

transferred across a heat exchanger increases. The ellipticity, also, affects pressure drop 

positively. This result can be revealed that as ellipticity increases, the cross section of flue gas 

flow, also, increases. Elliptical tube results in a lesser drag than the circular tube, due to its better 

aerodynamic shape. This shape causes better heat transfer characteristics, as well. Although the 

present study has been completed for one row heat exchangers, the results can be applied to heat 

exchangers with more rows. The results concluded above are in good agreement with previous 
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experimental and numerical studies. Finally, this entire study should have a great value for direct 

application to heat exchanger design aspect. 

David Yashar at al [2] presented a comparable evaluation of R600a (isobutene), R290 

(propane), R134a, R22, R410A, and R32 in an optimized finned-tube evaporator, and Analyzes 

the impact of evaporator effects on the System coefficient of performance (COP).  

 

The study relied on a detailed evaporator model derived from NIST‟s EVAP-COND simulation 

package and used the ISHED1 scheme employing a non-Darwinian learnable evolution model 

for circuitry optimization. In the process, 4500 circuitry designs were generated and evaluated 

for each refrigerant. The obtained evaporator optimization results were incorporated in a 

conventional analysis of the vapour compression cycle. For a Theoretical cycle analysis without 

accounting for evaporator effects, the COP spread for the studied refrigerants was as high as 

11.7%. For cycle simulations including evaporator effects, the COP of R290 was better than that 

of R22 by up to 3.5%, while the remaining refrigerants performed approximately within a 2% 

COP band of the R22 baseline for the two condensing temperatures considered 

Jader R. Barbosa et al [3] observed the heat transfer increase associated with the use of 

interrupted fins has been quantified. A heat transfer rate similar to the baseline configuration 

(continuous fins) can be achieved with interrupted fins with 33% less fin surface area and an 

associated air side pressure drop 15% lower than that obtained in the baseline case. 

Apu Roy et al [4] said that temperature variation with same velocity of castor oil and water is 

greatly noticeable. This is due to better thermal properties of castor oil than the water. Better 

effectiveness can be achieved by using castor oil as heat transfer fluid whereas water gives the 

traditional effectiveness. The effectiveness of the finned tube heat exchanger is quite comparable 
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with other conventional heat exchanger. Energy extraction rate is also quite significant .That 

means a sufficient amount of heat can be recovered by the using of finned tube heat exchanger. 

Devendra A. Patel et al [5] observed that 

1. Case-I shows calculation for actual readings and case-II shows calculation for simulation 

when inlet temperature of oil & cooling water are kept unchanged. 

2. As the outlet temperature of oil is 1 degree less in case-II, the values of heat transfer rate, 

overall heat transfer co-efficient & effectiveness are higher for case-II compared to the case-I. 

3. Case-II, III & IV shows the calculation and results for simulation readings. The cooling water 

inlet temperature is gradually decreased by 2 degree in each case. 

 

4. As the temperature difference between oil inlet temperature and water inlet temperature, 

becomes larger, the values of qmax increases. This is why, the heat transfer rate, overall heat 

transfer co-efficient and effectiveness is higher in case-III and case-VI compared to case-II. 

Thus we can conclude that if somehow, the inlet temperature of cooling water is decreased by 2 

to 4 degree, the performance of heat exchanger can improve to great extent. We are interested to 

drop the inlet temperature of water by 2 to 40 C only. This means that if the engineers of TPS 

Ukai can somehow decrease the inlet temperature of cooling water by 2 to 4 0 C, they can have 

better performance from the same heat exchanger. This may also provide better lubrication to the 

Turbine. The CFD analysis enables us to find out, on an average base, the performance of an 

actually operating heat exchanger. We can also come to know the temperatures at any points in 

heat exchanger. However, the results available through CFD analysis are for the ideal condition, 

i.e. for no-loss operating condition. 
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Derya Burcu Ozkan et al [6] examined parameters affecting the frost formation on the 

evaporator of a refrigerator and the structure of frost. Air velocity measurements both at the air 

inlet and outlet channels of the evaporator were performed, and the effect of air velocity on frost 

Formation was examined. In the experiments, parameters affecting frost formation on the 

evaporator and the structure of frost were examined and frost thickness on the chosen fin was 

measured. In the experiments, the compressor of the refrigerator operated at % 100 load, and 

cooling was carried on for 5 h. At the end of the 5-h operation, the compressor was deactivated 

and the defrosting heater was activated. Separate containers were placed under the fins in order 

to collect and measure the melting frost draining from the chosen fin, and the draining water was 

collected and measured. During the experiments, a water-filled container was placed inside the 

refrigerator in order to load frost on the evaporator under control. Remotely controlled heaters 

were placed inside to keep the water temperature constant. Also a scale was placed under the 

water-filled container to monitor and control the rate of evaporation of water. The door of the 

refrigerator was not opened during the course of the experiment. An observation glass was 

placed on the door in order to read the measurements on the scale without opening the door. 

Evaporation amount versus time could be monitored this way. Thermocouples were placed on 

the chosen fin and at various locations inside the cabin, and temperature data were continuously 

recorded by a data logger. it is observed that the rate of evaporation is constant at steady state 

conditions, it can be concluded that the amount of frost collected on the evaporator increases 

linearly with time. A graph displaying the amount of evaporated water versus time is given fig 

below.  
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There is a rapid decrease of the specific humidity in the first 30 min. This drop continues for 

about 1.5 h after the starting of the experiment and then remains constant throughout the 

remainder of the experiment. 

 

Qi Fan et al [7] said that the numerical simulations of dimple jacket constructions were 

performed by a computational fluid dynamics (CFD) program FLUENT in this work. The effects 

of geometrical parameters such as cone angle, arrangement, interval and height of dimple on heat 

transfer and pressure drop of dimple jackets in thin-film evaporator were investigated 

numerically. The results of numerical simulations were provided for comparison in order to get 

advisable configuration. The distance between dimples was found to have a considerable effect 

On heat transfer and in-line configuration was recommended because the pressure drop in it was 

smaller under the same heat transfer rate. 
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The effects of geometrical parameters of dimple jackets were investigated numerically in present 

paper. On the basis of previous calculation, the results can be summarized 

As follows: 

1. The parameter L/D has an important effect on heat transfer. It can be revealed as L/D denotes 

the distribution density of dimples. The smaller L/D is the more obstacles the fluid has to flow 

around. So heat transfer can be increased with the decreasing of L/D. But pressure drop is 

increasing at the same time.  It is appropriate to make L/D = 2. 

2. Greater heat transfer and pressure drop values are obtained as dimple height h is decreased, 

due to the increased liquid flow velocity. Nevertheless, greater pressure drop value is obtained as 

dimple height h is decreased, for the increasing flow resistance. 

3. Heat transfer is greater for the staggered array of the dimples with triangular pitch than that for 

the inline array with square pitch.  

 

Taijong Sung et al [8] presented an optimal design of a micro evaporator, to maximize the heat 

transfer coefficient (HTC) and it forms the starting point in developing miniaturized vapor 
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compression refrigeration system. The experimental design is adopted to determine the optimal 

parameters of the evaporator for realizing the inlet–outlet conditions of the refrigerating cycle, 

and for increasing the HTC. The number of lateral gaps, channel width, and lateral gap size were 

optimized to maximize HTCs of 2062, 2029, and 1895 W/m2K for heating powers of 40, 60, and 

80 W, respectively. The refrigerant and the mass flow rate were fixed as R-123 and 0.72 g/s, 

respectively. Among the three design parameters, the channel width is the most sensitive 

parameter influencing the HTC.  The optimal parameters have been designed to maximize the 

heat transfer coefficient. it was found that the periodic change of flow pattern occurs at the 

evaporator with a high heat transfer coefficient, while the dry out occurs at the evaporator with a 

low heat transfer coefficient. 

 

Sangrok Jin et al [9] presented an optimal design for an orifice in a small cooler. The objective 

of the optimal design is to maintain constant superheat at the outlet of an evaporator while the 

flow rate and cooling load are changed. Four parameters are chosen for the optimal design the 

diameter of the orifice, the aspect ratio between length and diameter, the entrance angle to the 

orifice, and the surface roughness. R-123 is used as the refrigerant. We perform a simulation to 

check the sensitivities of each parameter, and we determine the orifice diameter as the most 

sensitive design parameter among the four parameters to maintain the constant superheat. To find 

the optimal orifice diameter, experiments are performed on orifices of various diameters. To 

simulate the vapor-refrigeration cycle, the inlet condition of the orifice upstream flow is fixed at 

3 bars and 60 C. The superheat is measured at the outlet of the orifice while the cooling loads 

vary by 60, 80, and 100Wand the flow rate varies by 20e70 mL/min. An orifice diameter of 350 

µm selected as the optimal value to keep constant superheat at the evaporator outlet for various 

flow rates and cooling loads. The resulting optimal orifice design will be used in a small cooler.  

 

T. Sriveerakul et al [10] investigated the use of CFD in predicting performance of a steam 

ejector used in refrigeration applications. This study is reported in a series of two papers. In this 

part, the CFD results were validated with the experimental values. The effects of operating 

conditions and geometries on its performance were investigated. The CFD‟s results were found 

to agree well with actual values obtained from the experimental steam jet refrigerator. The CFD 



International Journal of Emerging Trends in Engineering and Development                   Issue 3, Vol.1 (January 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                         ISSN 2249-6149 
 

 Page 126 
 

was found to be not only a sufficient tool in predicting ejector performance it also provide a 

better understanding in the flow and mixing processes within the ejector.  

 

 III. CONCLUSION 

 From literature review it is concluded that there is wide applicability of finite element 

analysis and design of experiment method in Evaporator which improve heat transfer rate, 

pressure drop and better overall efficiency and effectiveness of evaporator. 

 during my dissertation Experimental data of heat exchanger will be validated with result 

of CFD software, after that with the help of taguchi method different models with different 

parameters are generated in cad software. By analyzing this model with CFD, optimum model of 

evaporator will be find with improve heat transfer rate, pressure drop and better overall 

efficiency and effectiveness of evaporator. 
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