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 A continuous cryogenic process for freezing food products in an inert gas atmosphere 

by combined liquid gas and mechanical refrigeration including the lowering of product 

temperature near its freezing point by mechanical refrigeration, rapid freezing of the 
product substantially. Cryogenic refrigerator having liquid atomizer sprayers by using 

different sprayers material and product cryogenic properties also changes in that 

conditions we can measure properties of cryogenic shell by using different materials. In 
these project discussed about the liquid sprayers and analyzing the liquid sprayers 

changing of materials used for cryogenic shell stainless steel material will be used due 

to low temperature conditions in past used materials are aluminum alloys. Stainless 
steel is better properties than the aluminum at low temperature conditions and easily 

available at low cost. In these project changed the design of cryogenic shell and 

designed cryogenic refrigerator by using catia software and analysis of the design by 
using Anysis software by using these process we get shear modulus of the material at 

different atomizers and find out which material is more suitable at low temperatures 

and precooling is required for reducing of cracks in product.   

 

INTRODUCTION 

 

Cryogenics is the science that addresses the production and effects of very low temperatures. The word 

originates from the Greek words 'kryos' meaning "frost" and 'genic' meaning "to produce." Under such a 

definition it could be used to include all temperatures below the freezing point of water (0
0
C).Earlier, the 

refrigeration systems were mostly used for large cooling applications in which ammonia and carbon dioxide 

were used as refrigerant. These refrigerants were not found suitable for small cooling applications. With the 

development of small refrigeration applications for domestic and commercial purposes, new refrigerants such as 

sulfur dioxide and methyl chloride. Methylene chloride and carbon dioxide were used extensively in the large 

air conditioning applications. The spray of liquid nitrogen (LN2) is a refrigeration method which uses LN2 latent 

heat. LN2 droplets atomized by atomizer transfer heat and mass with the surrounding medium through phase 

change, to reduce the medium temperature. Accordingly, the atomizer performance is an important factor to 

affect the heat transfer of LN2 spray. The internal-mixing twin-fluid atomizer has been widely used in recent 

years for its high quality of atomization and low gas consumption. The internal-mixing twin-fluid atomizer 

involves complex two-phase flow; therefore previous studies are based on experiment. In addition, the atomizer 

mainly applied in the field of fuel and water spray, LN2 spray is less involved. Two kinds of internal-mixing 

twin-fluid atomizers: Y-jet and Multi-jet atomizer were designed and fluid mechanics, atomization model was 

established to simulate two kind of atomizer with different structure with liquid and gas nitrogen (GN2) as 

working media. Through the study on the distribution of particle size, velocity field and droplet particle 

trajectory the characteristics of the atomizers were obtain for the reference of atomizer’s design. Different 
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materials are used for manufacturing of cryogenic vessels which material is more suitable and cost effective is 

discussed and analysis of material for finding of stress at different temperatures. 

cryogenic heat treatment is the ultra low temperature processing of materials to enhance their desired 

metallurgical and structural properties. The temperature is about -196
0
c(77k).Temperature and time controls are 

monitored by using an computer controls. The process is not a surface treatment it affects the entire mass of the 

tool or component being treated, making it stronger throughout the vessel. Cryogenic cooling in continuous 

system changes microstructure of utilizing material and changes its properties. For example in ferrite steels, it is 

in transformation of austenite a large soft crystal into martensite a smaller harder and more compact.  

 

 
 

MATERIALS AND METHODS 

 

Every cryogenic experiment needs some way of reaching low temperatures. There are two ways of doing 

this; using cryogens or using mechanical coolers. Liquid cryogen cooled cryostats use the same principle as the 

ancient technique of using blocks of ice to keep food cold in storage and transport incoming heat melts the ice, 

maintaining a constant temperature until no ice remains. These days, of course, we have replaced ice with 

mechanical refrigeration. With a liquid cryogen, evaporation of the liquid maintains the temperature at the 

boiling point, and this is how the majority of cryogenic experiments are cooled and kept cold, though 

mechanical cryogenic coolers have become more popular in recent years. 

 

Liquid cryogens: 

Cooling with cryogens. Cryogens provide cooling in two ways: 

– Heat is used in evaporating the liquid - it absorbs latent heat. 

– Heat is then used in warming the gas from the boiling point to room temperature;the heat required to do 

this is given by the enthalpy change. 

The two main cryogens in use in cryogenics are helium and nitrogen; some properties are given below (B.P. 

is the boiling point at1atmosphere, and the costs are of course approximate): 

 
    

      Cryogen 

 

       B.P.   

 

   Latent heat   

 

    Cost/litre 
 

    Nitrogen      77 K   161 kJ l−1      8.415INR 

 

    Helium          4.2 K    2.6 kJ l−1       252.47INR 
 

 

If you are only going to cool an experiment to 77 K, then liquid nitrogen is the sensible solution. If you 

need to cool your system down to 4 K, then it makes sense to first cool to 77 K with liquid nitrogen, and then 

introduce helium, since nitrogen is about a thousand times cheaper than helium per Joule of latent heat. This 

works out particularly well because the heat capacity of components in a cryostat drops sharply with  

temperature, so by the time it has reached 77 K, most of the heat has already been removed from the cryostat. 

We can see how useful this approach is from the following figures, which compares the quantity of cryogens 

required to cool 1 kg of copper with and without the use of nitrogen to pre-cool the system: 

 
Cryogen Temperature range Amount Evaporated 

Helium   300 K to 4.2 K          32       1.0 

Nitrogen 300 K to 77 K         1.6        0.46  
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Choosing materials: 
The mechanical properties of materials used in cryostats are important. Some metals go brittle when cooled 

down. You are safe with anything with an fcc (face centred cubic) structure, but in practise, low temperature 

labs usually stick to a small number of well known materials for the majority of uses. For metals, these are 

generally stainless steel, copper,brass and aluminium. There is a larger number of commonly used non-metals, 

including TeflonR, MylarR ,KaptonR, G10 (the green stuff that printed circuit boards are made from) and 

various epoxies. Brass is a very useful material; it has a reasonable thermal conductivity and is easy to machine. 

On the other hand, it is not particularly well characterised, and sometimes recycled which occasionally results in 

the inclusion of unwanted materials. Folklore says that extruded bar can contain longitudinal cracks that could 

cause leaks, so anything that has to be leak light is best constructed from plate. Copper comes in many forms. 

Oxygen Free High Conductivity copper is popular in low temperature labs. OFHC copper is useful if it is to be 

hydrogen brazed, as oxygen reacts with the hydrogen resulting in porous joints. However, despite a common 

feeling that if it has “High Conductivity” in the name it must be good, the thermal (and electrical) conductivity 

is no better than regular commercial copper (electrolytic tough pitch), and possibly worse. Beware of copper 

tubing; although it is a tempting material to make radiation shields from, it is likely to be phosphorous-

deoxydised copper thermal conductivity. Stainless steel having greater properties at low temperatures and easily 

available.so we used stainless steel than the aluminium material as a cryogenic vessel material. 

 

Cryogenic Liquid Sprayers: 

Two types of atomizers are used y-jet atomizer and multi jet atomizer. 

 

Y-JET ATOMIZER                                                          MULTI-JET ATOMIZER 

 cuc 

 

 

Sectional views of cryogenic refrigerator with Y-JET Atomizer and multi jet atomizer. 

 

By using mathematical calculations Y-jet atomizer is more efficient than the multi-jet atomizer we analyse 

Y-jet atomizer in flowing of nitrogen liquid and thermal and stress in cryogenic refrigerator shell. 
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Formulaes:  

Droplet collosion and breakup will be defined as        

dr1\dt =  -(r1-r)\τ 

r=0.61Ʌ 

τ=3.726B1r1\Ʌδ 

 

where r is the broken droplet radius; Λ is the wavelength; τ is the 

crushing time; δ is the maximum growth rate; B1 is the 

crushing time constant. 

 Planck’s equations: 

 tf=1/hA(Qcool\ΔTcool+Qfreeze\ΔTfreeze) 

Qcool=vρucu(Ti-Tfm) 

ΔTcool=(Ti+Tfm)\2-Ta 

Qfreeze＝Vρf [Lf＋cf (Tfm –Tc)] 

ΔTfreeze＝Tfm – Ta 

Tfm is the“ mean freezing temperature” given by: 

Tfm＝1.8＋0.263 Tc＋0.105 Ta 

 

Cryogenic Refrigerator Analysis In Y-Jet Atomizer By Using Catia And Anysis Software: 
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Physical and Mechanical Properties of Stainless Steel: 
 

Density 7.75e-006kgmm^(-3) 

Coefficient of thermal expansion 1.7e-005c^(-1) 

Specific heat 4.8e+005mJkg^(-1)c^(-1) 

Thermal conductivity 1.51e-002wmm^(-1)c^(-1) 

 

Temperature  oc Young’s modulus  Poisson’s ratio Bulk modulus Shear modulus 

-3oc 1.93e+005 0.31 1.693e+005 73664 

 

Results: 

The purpose of atomization in cryogenic refrigerator is to evaporate for the heat exchanging, and the 

smaller particle size of the jet out droplets,the better of the evaporating heat transfer effect. The radial particle 

size distribution of the Spray field is an important indicator to judge the atomization effect, and then select 

Sauter mean diameter (SMD) expressing the droplet size shows the radial particle size distribution of the Y-jet 

atomizer and Multi-jet atomizer spray field.Y-jet atomizer is more efficient than the Multi-jet atomizer. 

Cryogenic treatment of test specimen has been done and then hardness test is performed. Hardness increases 

after cryogenic treatment in respect of untreated as well as micro structure is also changed due to phase 

transition from austenite to martensite which will also altered the various properties stainless steel. Stainless is 

the better material than other materials in low temperatures.By analysing these cryogenic vessel we can find out 

the thermal streeses and total deformation of vessel. 

 

         
 

 

 

Steady-state thermal stress:  

Conclusion: 
The cryogenic pressure vessel is modelled in catia software and analysis carried out in ansys 15.0.the 

analysis carried out in under static loading condition and also thermal base conditions stainless steel is better 

material than other materials in low temperatures. Cryogenic liquid sprayers Y-jet liquid sprayer better than the 

Thermal analysis of vessel Total deformation of vessel 
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other types of liquid sprayer due to having mixing chamber.precooling will reduces the breaking characteristics 

of an inner atoms of a food product. 

 

Future Scope: 

Different composite materials can be analysed for various combinations of inner and outer 

structures.Various angle orientations can be imposed for all the composite materials. Shape optimisation can be 

done for various combinations taking the industrial standards into consideration.Different types of sprayers  will 

be used for increasing sprayering characteristics.  
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