
  

DESIGN AND ANALYSIS OF SPLIT CHAMBER 

VACUUM REFRIGERATION BY USING CFD 

T. Keerthivasan
[1]

, Tineshbabu.M.T
[2]

,  Vignesh.V
[3]

, Vinoth.R
[4] 

[1]
Assistant Professor, Department of Mechanical Engineering, M.Kumarasamy College of 

Engineering, Karur  
[2][3][4]

B.E., Department of Mechanical Engineering, M.Kumarasamy College of Engineering, Karur 

[1]tkeerthivasan91@gmail.com, [2] tineshbabu1998@gmail.com, [3]vickyjaguar572@gmail.com, 
[4]vinothravi2819@gmail.com  

 
ABSTRACT: 

Split chamber vacuum refrigeration is the process of achieving cooling effect by means of dropping the pressure inside 

the chamber. The chamber is specially designed, in order to avoid moisture loss produced by direct pressure drop with the 

food stuffs. In this method, the copper chamber is placed inside the insulation chamber, between those chambers water is 

filled down and the pressure is dropped. By the use of ANSYS FLUENT software, the heat transfer rate can be analyzed 

down and different stages of heat conduction in the chamber are viewed down. Due to drop in pressure, the water 

temperature is reduced and the cooling effect is transferred to the food stuffs, stored inside the copper chamber by convection 

process. In this process, the pressure is reduced to 0.9mbar and the water temperature is reduced gradually to -15.9 ⁰C. The 

fins are provided over the copper surface, in order to enhance the heat transfer effectively from the frozen water to the food 

stuffs. 
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I. INTRODUCTION 

              Split chamber vacuum refrigeration process consists of two chambers. One is outer chamber which is made up of 

insulation material and another is inner chamber which is made up of copper. Between these two chambers the gap is filled 

with water. The inner chamber is completely sunk in the water, in which pressure is dropped with the help of vacuum pump. 

Evaporative cooling is achieved by reducing the pressure between those chambers, as in
 
[1]. Fig.1 represents the process of 

Evaporative cooling. The water tends to cool down and attains the frozen stage within 400 s. The heat is getting transferred 

from the food stuffs
 
to the frozen water

 
through the copper medium than the process of direct refrigeration, as in [2]. The copper 

chamber is specially designed by implementing fins at certain angle over the copper surface, in order to improve the efficiency of 

heat transfer, as in
 
[3]. Inside the copper chamber, the air medium is filled down, in which the air gets cooled down. The air 

medium tends to attain the surface contact with the food stuffs. By using Computational Fluid Dynamics (CFD), the heat 

transfers through fluids are analyzed, as in [5]. 

 

 
Fig.1 Vacuum Refrigeration 

 

 

II. GEOMENTRY 

 

      Geometric model is generated in ―SOLIDWORKS‖ which is the very popular modeling software. Fig.2 represents 
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the Split chamber, in which the process of analysis is to be done. The generated model is exported to further process in 

the form of .IGES as the third party format which can be taken in to any other tools. The dimensions of the outer 

chamber is 800mm in length, 650mm in breadth and 1200mm in height and the inner chamber is 600mm in length, 

550mm in breadth and 1000mm in height, as in [4]. 

 
                                  
 

Fig.2 Split chamber vacuum refrigeration 

 
 

III. MESHING 

 

 The geometry surface mesh is generated in ANSA MESH MODELER tool itself. All the surfaces are discredited using 

triangular surface element. As the geometry has some complicated and skewed surfaces triangular dominant surface elements 

are used to capture the geometry. The following Fig.3 shows the surface meshes and volume mesh in a cut plane. The surface 

mesh count of the entire flow domain is 58,390 with the maximum skewness of 0.6 and the volume count is 1,24,180 with 

maximum skewness of 0.89.  It tends to measure the temperature, at each nodes of the Split Chamber Vacuum Refrigeration to 

measure its effective performance. 

 

 
                                  Fig. 3 Meshing  

                                                        TABLE I 
                                                            Meshing details 

 

Mesh 

 

Value 

 

Surface mesh Count 

 

58390 

 

Surface mesh quality 

 

0.6 

 

Volume mesh count 

 

124180 

 

Volume mesh quality 

 

0.89 

 
 

         The above TABLE I represents the quality of meshes that have been done over the vacuum chamber, through which the 

accurate results are obtained. 
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IV. SETUP 

 

In ANSYS SETUP, Cu is the metal selected for the CFD analysis. The water is provided in the Outer Chamber, and 

the Air is the fluid present in the Inner Chamber. The SETUP tends provide the required conditions for the analysis.  

 

We can set the fluid at respective conditions from the materials in solution SETUP, in which the process tends to 

analyze and obtain accurate results for the respective design.  Fig.4 represents the fluids to be selected for analysis. 

 

 
                                                        Fig. 4 ANSYS fluent setup 

 
                         V. ANALYTICAL SOLUTION 

 

A. TEMPERATURE at 300K of TIME PERIOD t=20 sec 

 

         The water tends to cool down by means of evaporative cooling process, the convection heat transfer occurs and then air 

present inside the copper chamber tends to cool down which makes the surface contact when the food stuffs are supposed to be 

placed
[9]

. 

 

         The air present inside the copper chamber gets cooled down, which makes the surface contact with the food stuffs stored 

in the refrigerator. At 20 seconds, the minimum temperature is about 300 K is shown in TABLE II. The temperature of the air 

chamber gets varied based on the heat transfer between the fluid medium, as in
 
[1]. Fig. 5.1 represents the entire temperature 

changes of the refrigeration. 

 

 
Fig. 5.1 Temperature of different mediums at 20sec 

 
         At 20 seconds, even till 100 seconds the temperature in the entire region remains almost same as the solidification starts.  

 

At, t=20 sec 

Mass-Weighted Average Static Temperature(K): 

 
TABLE II  

Temperature of different mediums at 20sec 

 

Medium 

 

Temperature(K) 
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Water-ice 

 

300.99964 

 

Inner-air 

 

300.00284 

 

Copper 

 

300.09217 

 

Net 

 

300.99863 

 
B. CONTOURS OF STATIC TEMPERATURE IN 274K at t=200 sec 

 

        The minimum temperature of the water body in the system is about 260K and the maximum temperature is about 292K at 

the time of 200 seconds. Static temperature is shown in TABLE III. 

 

        The inner fluid (air) tends to lose temperature due to effective cooling heat transfer from the water medium through the 

copper chamber, as in [10]. The color representation tends to represent the temperature differences in different portions of the 

air medium. Finally, at the end of 200 seconds, the static temperature is drop down to 274K. Fig. 5.2 represents the entire 

temperature changes of the refrigeration at the end of 200sec. 

 

 
Fig. 5.2 Temperature of different mediums at 200sec 

        At 200 seconds the temperature in the three different regions changes drastically and nearly 95% fluid and solidification is 

found 5%. 

 
At, t=200 sec 

Mass-Weighted Average Static Temperature (K): 

 
TABLE III 

Temperature of different mediums at 200sec 

 

 

Medium 

 

Temperature(K) 

 

Water-Ice 

 

285.23292 

 

Air 

 

299.6661 

 

Copper 

 

295.90915 

 

Net 

 

285.24697 

 
 

C. CONTOURS OF STATIC TEMPERATURE IN 256.2K at t=480 sec 

 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IV, April-2020

ISSN NO: 1781-7838

Page No:96



  

 
 

Fig. 5.3 Temperature of different mediums at 480sec 

 
       At the end of the 480 seconds, the temperature in water is dropped to 252K and they are viewed through the CFD software 

is shown in Fig. 5.3. The different ranges of temperature are viewed through the software, as in
 
[6].  

       The fins surface enhances the heat transfer rate and the temperature attainments are achieved, through the design changes. 

        At the end of the process, the solidification melting in liquid fraction is analyzed and the processes of liquid content in the 

ice are seen,
 
as in [8]. The liquid is not entirely frozen in the ice stage is shown in Fig.5.3.1. 

 

 
 

Fig. 5.3.1 Solidification—Liquid Fraction at 480sec 

 
        The effective heat transfer is achieved and the temperature is dropped to 254 K at the fin surface which is made up of 

copper. 

         The fluid present inside the copper chamber is cooled down. The overall process is carried within 480 seconds and the 

final temperature drop is about 268.47K air present inside the copper chamber, as in [7]. The static temperatures of different 

mediums are shown in TABLE IV. 

 
At, t=480 sec   

 

Mass-Weighted Average Static Temperature (K): 

 
TABLE IV  

Temperature of different mediums at 480sec 

 

Medium 

 

Temperature(K) 

 

Water-Ice 

 

273.51345 

 

Air 

 

291.16386 

 

Copper 

 

276.99368 

 

Net 

 

273.52799 
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        At 480 seconds the temperature in the three different regions changes drastically and nearly 12.5% fluid exists and 

solidification is found 87.5%. 

 
VI. RESULT AND DISCUSSION: 

 
         The pressure in the Outer Chamber (Water) is dropped down, which tends to reduce the temperature simultaneously. The 

Fig.6 represents the Temperature drop at different stages of the pressure drop with respect to time. 

 

         At the end of 480 seconds, the minimum temperature of Frozen water is 252K, minimum temperature of Fin is 254K and 

the minimum temperature of the Air present in the inner chamber is about 268.47K. 

 

         The temperatures at different regions of the Vacuum Chamber are viewed in the Fig. 6, which exposes the temperature at 

different medium. 

 
 

 
Fig. 6 Temperature and Time graph 

 
             The following TABLE V represents the temperature between the different mediums of the Vacuum Chamber. It 

represents the Average temperature and Minimum temperature at each stage of the cooling process. 
 
 

TABLE V 

Temperature and Time period 

TIME 

 

 

TEMP-

ICE(K) 

(Avg) 

 

TEMP-

FINS(K) 

(Avg) 

 

TEMP-

INNER(K) 

(Avg) 

 

TEMP-

ICE(K) 

(Min) 

 

TEMP-

FINS(K) 

(Min) 

 

TEMP-

INNER(K) 

(Min) 

 

20 300.99 300.09 300.002 300.01 300.01 300.12 

40 301.1361 300.2254 300.0139 300.01 300.01 300.6 

60 300.749 300.383 300.036 300.01 300.01 300.43 

80 299.94 300.453 300.064 300 298.37 298.62 

100 299.03 300.36336 300.0863 299.14 297.54 297.77 

120 298.458 300.12 300.09 299.02 297.12 297.25 

140 296.57 299.96 300.06 298.19 289.66 296.62 

160 293.18 298.91 300.004 282.63 283.32 294.489 

180 289.06 297.68 299.99 276.29 276.59 290.22 

Temperature (K) 

Time (Secs) 
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200 285.23 295.9 299.66 267.54 271.803 286.78 

220 282.85 293.73 299.33 262 267.68 283.48 

240 281.08 291.399 298.87 260.24 264.23 282.09 

260 279.68 289.16 298.33 259.002 262.18 280.73 

280 278.54 287.13 297.7 258 261.98 279.76 

300 277.62 285.32 297.05 257.42 258.01 277.302 

320 276.84 283.77 296.36 257.27 258 276.72 

340 276.08 282.41 295.61 256.08 258 276.91 

360 275.39 281.22 294.98 254.51 257.01 274.33 

380 274.86 280.2 294.299 254.04 256.25 273.51 

400 274.44 279.33 293.64 253.43 256 273.18 

420 274.1 278.6 293 253 255.32 272.64 

440 273.82 277.97 292.35 252 254 272.28 

460 273.58 277.43 291.74 252 254 271.89 

480 273.5 276.99 291.16 252 254 268.47 

 

VII CONCLUSION 

 

       In direct refrigeration, the vacuum is created directly inside the vacuum chamber, but the main drawback is the loss of 

moisture content in the food. Conducting an experimental investigation for this case of vacuum refrigeration is a challenging 

task and costlier as well as time consuming. Thus, a comprehensive CFD analysis with the help of mathematical models is 

conducted to find out the results. Through CFD analysis we used to find out the flow and thermal behavior of vacuum 

refrigeration. Temperature distribution on various components were found out and listed.                                                                                                                         

       The process of evaporative cooling is achieved by the vacuum pump in which the suction rate is about 20.3 m
3 

/hr. The 

analysis was experimented by conducting time duration of 0 to 480 seconds and the temperature of the air domain reduced to 

268.47K is achieved within 480 seconds. It is eco-friendly and free from pollution. 
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