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                                                                 UNIT 1
I. Read and learn the following words and word combinations:

cryogenics- физика низких температур, 
cryogenic engineering – криогенная  техника;

refrigeration – искусственное охлаждение; 

to involve – включать, вмещать; 

permanent – постоянный, непрерывный; 

refrigerant- хладагент;

to be concerned with –быть связанным с чем-то;  

as contrasted to – посравнению  с ;

rather than – а не;

clear-cut – ясно выраженный,  четкий,  определенный; 

to be familiar with-хорошо знать  что-либо; 

petroleum refinery – нефтеперерабатывающий завод; 

steering – рулевое управление;

braking - торможение; 

to refer to – ссылаться на что-то; 

liquefaction- сжижение, ожижение, разжижение. 

2 .Read and translate the following  international  words:
production, phenomena, physics, physicist, principles, components, automobile, transportation, cryogenics, refrigerator, techniques, process,  system.

3. Translate the following word combinations into Russian:

the production of icy cold, on the temperature scale,  in the ordinary sense of the term, a logical dividing line,  normal boiling points, in the field of cryogenic engineering, low-temperature physics, common engineering systems, electric generating power plant, air-liquefaction plant, helium refrigerator.

4. Find English equivalents of the following words;

    физика низких температур, зависеть от чего-то,  практическое применение, основное исследование, азот,  выполнять определенную функцию,  физические явления, рассмотреть систему, водород, хладагент.
hydrogen, physical phenomena, a basic research, a refrigerant, to depend upon, cryogenics, nitrogen, practical utilization, to consider a system, to perform a definite function.
5. Make verbs of the following nouns and translate them into Russian:

production, definition, consideration, involvement, development, utilization, collection, generation, transportation, liquefaction, extraction, expansion, determination, insulation.

6. Read the Text 1A and answer the questions:
1). What does the word “cryogenics” mean? 2). Why are temperatures below –150 C or –240 F considered to be a logical dividing line? 3). What does cryogenic engineering primarily involve? 4).What should the engineers and physicists be familiar with ? 5) What is a system? Give the examples of common engineering systems.  6). Give the definition  to the term “cryogenic system’.

Text 1A. INTRODUCTION TO CRYOGENIC SYSTEMS.

The word cryogenics  means, literally, the production of  icy cold ; however, the term is used today as a synonym for low temperatures. The point on the temperature scale at which refrigeration in the ordinary sense of the term ends and cryogenics begins is not sharply defined. The  workers at the National Bureau  of Standards at Boulder, Colorado, have chosen to consider the field of cryogenics as that involving temperatures below –150 C (123 K) or –240 F (220 R). This is a logical dividing line, because the normal boiling points of the so-called permanent gases, such as helium, hydrogen, neon, nitrogen, oxygen, and air, lie below –150 C, while the Freon refrigerants, hydrogen sulfide, ammonia, and other conventional refrigerants all boil at temperatures above –150 C. 

     In the field of cryogenic engineering , one is concerned with developing and improving low-temperature techniques, processes, and equipment.  As contrasted to low-temperature physics , cryogenic engineering primarily involves the practical utilization of low-temperature phenomena , rather than basic research,  although the dividing line between the two fields is not always clear-cut. The engineer should be familiar with physical phenomena in order to know how to utilize them effectively; the physicist should be familiar with engineering principles in order to  design experiments and apparatus.

 A system may be defined as a collection of components united by definite interactions or interdependencies to perform a definite function. Examples of common engineering systems include the automobile,  a petroleum refinery, and an electric generating power plant. In many cases the distinction between a system and a component depends upon one’s point of view.  For example, consider the transportation system of a country. An automobile is a system also; however,  it would be only one part or subsystem of the entire transportation system. Going even further, one could speak of the power system, braking system, steering system, etc., of the automobile. In general, we shall use the term cryogenic system to refer to an interacting group of components involving low temperatures.  Air-liquefaction plants, helium refrigerators, and storage vessels with the associated controls are some examples of cryogenic systems.

7. Translate the following group of words:



1). The energy is thought to be….; 2). The physicist is said to be…; 3). These forces are believed to act…; 4) The liquid fuel seems to be…; 5). The speed of particles happens to change…; 6). The device is assumed to be in operation…; 7) Nitrogen is likely to be liquefied…; 8). These principles are unlikely to be valid.

8. Translate sentences paying attention to Complex Subject.



1). The cryogenic engineering is considered to be concerned with developing and improving low-temperature techniques. 2). Permanent gases are thought to be boiled at temperatures  below – 150 C. 3). The engineer is believed to be familiar with  physical phenomena. 4). This point of view is unlikely to be clear-cut. 5). The direction of the current is assumed to be changed. 6). The expansion engine is taken to be developed for the production of ice.7). Heat was thought to be a material substance. 8). The Polish scientists were reported to determine the physical properties of liquefied gases. 9). A giant step forward in preserving cryogenic liquids appeared to be made in 1892. 10). The concept of vapor shielding proves to be used today.

 

9. Read and translate the Text 1B.
Text 1B. HISTORICAL  BACKGROUND (Part 1).

A brief overall review is made of the development of cryogenics during the 100 years or so since the first liquefaction of oxygen in 1877 by Cailletet and Pictet. But much earlier, in 1726 Jonathan Swift described in  Gulliver’s   Travels the air which was condensing  into a dry tangible substance, by extracting the nitre, and letting the aqueous or fluid particles percolate. At the time Gulliver’s Travels was written, air was considered to be a “permanent gas”. Thus Swift envisioned the liquefaction of air  some 150 years before the feat was actually accomplished.

In 1840s, in an attempt to relieve the suffering of malaria patients, Dr.John Gorrie, a Florida physician,  developed an expansion engine for the production of ice. Although this engine was used only to cool air for air conditioning of sickrooms and was not part of a cryogenic system, most large–scale  air  liquefaction systems today use the same principle of expanding air through a work-producing device, such as  an expansion engine or expansion turbine, in order to extract energy from the air so that the air can be liquefied.

It was not until the end of 1877 that a so-called permanent gas was first  liquefied. In this year Louis Paul Cailletet, a French mining engineer, produced a fog of liquid-oxygen droplets by precooling a container filled with oxygen gas at approximately 300 atm and allowing the gas to expand suddenly by opening a valve on the apparatus. About the same time Raoul Pictet, a Swiss physicist, succeeded in producing liquid oxygen by a cascade process.

In the early 1880 one of the first low-temperature physics laboratories, the Cracow University Laboratory in Poland, was established by Szygmunt von Wroblewski and K . Olszewski . They obtained liquid oxygen “boiling quietly in a test tube” in sufficient quantity to study properties in April 1883.  A few days later,  they also liquefied nitrogen. Having succeeded in obtaining oxygen and nitrogen as true liquids ( not just as a fog of liquid droplets)  attempted to liquefy hydrogen by Cailletet’s expansion technique.  However, they were not able to obtain  hydrogen in the completely liquid form.

The Polish scientists were primarily interested in determining the physical properties of liquefied gases.  The ever-present problem of heat transfer  from ambient plagued these early investigators because the cryogenic fluids could be retained only for a short time before the liquids boiled away. To improve this situation , an ingenious experimental  technique  was developed at Cracow. The experimental test tube  containing a cryogenic fluid was surrounded by a series of concentric tubes, closed at one end. The cold vapor arising from the liquid flowed through the annular spaces between the tubes and  intercepted some of the heat travelling toward the cold test tube. This concept of vapor shielding is used today in conjunction with high-performance insulation for the long-term storage of liquid helium in bulk quantities.

10. Retell the Text 1B  (Part 1).

11. Read  and translate the Text 1B (Part 2).

                                Part 2. A  BRIEF HISTORY OF CRYOGENICS .

A giant step forward in preserving cryogenic liquids was made in 1892 when James Dewar, a chemistry professor at the Royal Institution in London, developed the vacuum-jacketed vessel for cryogenic-fluid storage.  Dewar found that using a double-walled glass vessel having the inner surfaces silvered resulted in a reduction of the evaporation rate of the stored fluid by a factor of 30 over that of an insulated container. This simple container played a significant role in the liquefaction of hydrogen and helium in bulk quantities.

In 1895 two significant events in cryogenic technology occurred. Carl von Linde , who had established the Linde Eismaschinen AG in 1879, was granted a basic patent on air liquefaction in Germany.  Although  Linde was not the first to liquefy air, he was one of the first to recognize the industrial  implications of gas liquefaction and to put this ideas into practice.

After more than 10 years of low-temperature study,  K. Onnes established the Physical Laboratory at the University of Leiden in Holland in 1895.  Onnes’ first liquefaction of helium in 1908 was a tribute both to his experimental skill and to his careful planning.  He was able to attain a temperature of 1.04 K in an unsuccessful attempt to solidify helium by lowering the temperature above a container of liquid helium in 1910.  K.Onnes was the first to use the term  of ‘cryogenics’ in 1894.  Etymologically,  this term means the science and  art of  producing cold.

The physicists at the Leiden laboratory were interested in investigating the properties of materials at low temperatures and in checking natural principles, known to be valid at ambient temperatures, at cryogenic temperatures. It was in 1911, while he was checking the various theories of electrical resistance of solids at liquid-helium temperatures, that Onnes discovered that the electrical resistance of the  mercury wire on which he was experimenting suddenly decreased to zero. This event marked the first observation of the phenomenon of superconductivity – the basis  for many devices used today.

In 1902 Georges Claude, a French engineer, developed a practical system for air liquefaction in which a large portion of the cooling effect of the system was obtained through the use of an expansion engine.

Although cryogenic engineering is considered a relatively new field, it must  be remembered that the use of liquefied gases  in industries began in the early 1900s. At that  time a new term “the abasement  of temperature” has been introduced.

Much later in 1935, this  term  was being used to relate to the liquefaction and use of the so-called permanent gases. The normal boiling points of these gases in liquid form are all above 120 K and this  temperature became the general boundary between the very low temperatures associated with cryogenic machines and cryogenic apparatus  and the low temperature of refrigeration engineering (above 120 K). Technically, the boundary is a real one because the  very low temperatures below 120 K  can generally be reached by a refrigerating machine which  incorporates gas expansion with a regenerative or recuperative heat exchanger in which heat is exchanged between inlet and outlet streams of the working field. To attain temperatures above 120 K,  a working fluid  can be  chosen with a critical temperature above  ambient so that  there is no  necessity for heat exchangers although they  may be incorporated to improve the efficiency of the machine. 

During the 1980’s most scientists had come to recognize that all fluids below ambient had common features and it became possible to develop a unified approach via “cryogenic fluid mechanics”.  A proposal followed from this unification that a cryogenic liquid with its normal point below ambient temperature.  Ambient temperature depends on where you are and some theoreticians have suggested that the triple point of water should be a definitive upper temperature. The absorption of heat  from surrounding environment is then  a determining and common feature of a cryogenic liquid, and it is this heat influx which plays a dominant role in the behaviour of the liquid. It would therefore appear that through common usage during 1980’s, the term “cryogenics” has changed to include the general term “cryology” recommended in 1971, which has not found general acceptance. More simply, cryogenics has acquired its etymological meaning of the science and art of producing cold.

12.  Answer the questions:

1)What and when did James Dewar develop? 2).Who was the first to use the term of “cryogenics”? 3). What were the physicists at Leiden laboratory interested in? 4). When did the use of liquefied gases begin in  industry? 5)What a new term has  been introduced at that time? 6). Describe the scientific achievements of 1980’s.

13. Give a brief summary of the Text 1B.

UNIT 2.

1. Read and translate the following word combinations into Russian: 

advanced electronic systems, thermodynamic cycles, superconducting magnet operation, low temperatures required, thermodynamically ideal isothermal-source systems,  isobaric-source refrigerator, constant refrigerant temperatures, porous solid cryogen, triple-point pressure, poor heat transfer.

2. Suggest as many word combinations as possible:

(A) System ( electronic, liquefaction, cascade, precooled, refrigeration,  advanced, purification, cryogenic, separation, operating, isothermal-source, cooling, etc.)

(B) Energy (clean, heat, released, specific, electric, kinetic, nuclear, internal, mechanical , thermal, primary, etc.)

(C) Source (  of heat, refrigeration, of cold, current, of radiation, isothermal, solar power, thermal, voltage, energy, high-temperature, noise, power-supply, etc.)

3. Read and learn the following words:

extension- расширение ,  распространение;       to evaporate- испарять;

precooling –предварительное  охлаждение;       external –внешний;

expander- расширительное устройство;              in addition- кроме, помимо;

to conduct- проводить;                                          a unique- единственный , уни- 

to maintain- поддерживать;                                   кальный.

4. Read  and translate the Text 2A.

5. Find facts from the Text to support these statements.

1. The cascade system was the first system to produce liquid air.

2. In the Claude system the energy is removed from the gas stream.

3. There are systems that use cryogenic temperatures in their operation.

Text 2A. CRYOGENIC REFRIGERATION SYSTEMS.

The cryogenic systems are divided into separation and purification systems, liquefaction systems, refrigeration systems  and  others. Among the liquefaction systems there are ones used to liquefy the cryogenic fluids, such as: a simple Linde-Hampson system, used to liquefy gases, a precooled Linde-Hampson system, a cascade system being an extension of the precooled system in which  the later is precooled by other refrigeration system, and the Claude system.  The cascade system was the first liquefaction system used to produce liquid air. This system uses ammonia to liquefy ethylene at 1925 kPa (19atm) . In the Claude system the energy is removed from the gas stream by allowing it to do some work in an expansion engine or expander.  With such a system, a gas is first compressed to pressures on the order of 4 MPa (40atm or 590 psia) and then passed through the first heat-exchanger.

Besides, there are systems that utilize cryogenic temperatures in their operation, such as advanced electronic systems, superconducting magnets and motors, all depend upon an effective refrigeration system to maintain the low temperatures required. Many refrigeration systems have the same components and thermodynamic cycles as the corresponding liquefaction systems. The difference between the refrigeration system and the liquefaction system is that the liquid produced  is evaporated in a refrigeration system instead of being utilized in some  other way external to the system, as in the liquefaction  system.

 In this Unit we shall  consider the refrigeration systems that are similar to liquefaction systems, such as thermodynamically ideal isothermal-source systems, Joule–Thompson refrigeration systems, and in addition we shall consider one of  the unique refrigerators  such as the Philips refrigerator, based on the old Stirling cycle.

6. Answer the questions:

1. What kind of systems are the cryogenic systems divided into? 2. What liquefaction systems do you know? 3. What was the first system to produce liquid air? 4. How is the energy removed in the Claude system? 5. Why do the advanced electronic systems depend upon an effective refrigeration system? 6. What is the difference between the refrigeration  and liquefaction  systems.

7. Translate the following group of words paying attention to Passive Infinitive.

1).The cryogenic systems to be divided… 2). The liquefaction system to be use…

3).The energy to be removed… 4). The work to be done…5). The gas to be compressed…6). The investigation to be carried out…7). The method to be applied…8). The properties to be considered…9). The data to be obtained… 10) The space to be cooled…11). The energy to be added… 12)The liquid air to be produced.

8. Translate sentences with the Complex Object:

1.The scientists considered the cascade system to be the first liquefaction system to produce liquid air. 2. The ancients thought electricity to be invisible field. 3. The engineers considered a regenerative compressor to be developed primarily for use in cryogenic helium systems.4.  They believe nuclear energy to be the prime source of heat energy. 5. We know a regenerative compressor to be a rotodynamic machine to increase the pressure of a fluid by circulating it through blades on a rotating impeller. 6. They assumed the model to be used to predict performance of basic geometric features. 7. The designers supposed the rocket-borne helium refrigerator to be developed and used on a sounding rocket for orbital missions. 8. He thought the pulse tube refrigerator to be operated in three different modes depending on the opening of the two needle valves. 9. Everybody knows the pump to be a means of conserving thermal energy by increasing the temperature of low-grade thermal energy.

9. Translate  sentences with  the “for”-to- Infinitive Constructions.

1.For the  heat to be determined by the Second Law of Thermodynamics we assume that the heat transfers to and from the refrigerator are reversible. 2. For the information to be received, one should consider different refrigerator types. 3. For the liquid to be evaporated at constant temperature it should absorb heat from the space to be refrigerated. 4. Liquid nitrogen is a suitable refrigerant for maintaining temperatures in the region between 65K and 115K. 5. For the gas to be heated during this process, the cold gas is forced through the regenerator. 6. No one can do without friction, for without it we could not even walk. 7. Nitrogen snow would form in the evaporator for the pressure was lowered below the triple- point pressure .

10. Read  and translate the Text 2B.  

11. Describe the processes involved in the Carnot  refrigerator.

12. Give the definitions  to the isothermal-source and isobaric-source refrigerators.

Text 2B. The Thermodynamically Ideal         IsothermaL Source System.

Let us first investigate the thermodynamically ideal system in order to have a basis for comparison of the various practical refrigeration systems. In the case of refrigerators, however, there are two types of low-temperature source that may be used. If we evaporate a liquid to furnish the cooling, energy is added to the refrigerant in an isothermal manner, as far as the evaporator of the refrigerator is concerned. On the other hand, we may use a cold gas such as helium (which gets quite cold before it liquefies), and energy is added at constant pressure without liquefying the gas. Therefore, we must differentiate between an isothermal-source refrigerator  and an isobaric-source refrigerator. The sink into which energy is rejected is usually the atmosphere; we shall have an isothermal sink in both cases. We use the term “source” to mean the source of heat for the refrigerator – that is, the space to be cooled. The term ”sink” refers to the region into which heat is rejected from the refrigerator.

The thermodynamically ideal isothermal-source refrigerator is the Carnot refrigerator. The process involved in the Carnot refrigerator are as follows:

Process 1-2. The working medium is compressed while energy is rejected to the sink to maintain the refrigerant temperature constant.

Process 2-3. The working medium is expanded reversibly and adiabatically from the sink temperature Th  to the source temperature Tc .

Process 3-4. Energy is transferred from the source (the region to be cooled) to the refrigeration medium, while work is done by the medium to maintain the refrigerant at constant temperature.

Process 4-1. The refrigerant is then compressed reversibly and adiabatically 

( isentropic    process) from the source temperature to the sink temperature.

Thus, the Carnot cycle consists of two reversible adiabatic processes and  two reversible isothermal processes.

13. Retell the Text 2B.

14. Read and translate the Text 2C.

TEXT 2 C.

Joule-Thompson  Refrigeration Systems.

Any of the liquefaction systems that do not use an expansion engine may be classed as Joule-Thompson refrigerators because they depend upon the Joule- Thompson effect to produce low temperatures. Instead of withdrawing the liquid formed in a refrigerator, heat is absorbed from the low-temperature source to evaporate this liquid.

With such a refrigerator , the compression from point 1 to point 2 would be isothermal in the ideal case. In practice, the gas enters the compressor at point 1’ and there is a small temperature difference because the effectiveness of the heat exchanger is less than unity. The compressed gas is passed through the heat exchanger, cooled to low temperatures by heat  exchange with the cold outgoing gas steam, and expanded through a Joule –Thompson valve into an evaporator. In the evaporator the liquid formed after the expansion process is evaporated at constant temperature by absorbing heat from the space to be refrigerated. The vapor then returns through the heat exchanger to the compressor.

The liquid in the evaporator boils at constant temperature; thus this refrigerator is of the isothermal-source type. Liquid nitrogen is a suitable refrigerant for maintaining temperatures in the region between about 65 K (117 R) and 115 K (207 R).  The temperature in the evaporator can be regulated by controlling the pressure in the evaporator by means of the expansion-valve setting. At 65 K the evaporator pressure would be 17.4 kPa (2.53 psia), and at 115 K the evaporator pressure would be 1.939 MPa (281 psia), using nitrogen as the working fluid.  The temperature range for the refrigerator is limited on the lower end by the triple point of the working fluid and also by the difficulty in maintaining low vacuum pressure with large mass flow rates. If the pressure were lowered below the triple-point pressure, nitrogen snow would form in the evaporator and clogging of the expansion valve could result. In addition, there would be poor heat transfer in the evaporator between the evaporator wall and the porous solid cryogen. The temperature is limited on the high end by the critical point. As the critical point is approached, the heat of vaporization of the liquid approaches zero.

15. Describe the Joule-Thompson refrigeration in detail.

  16. Find sentences using Gerund, Passive Infinitive and Conditional ones. Translate them into Russian.

17. Read and translate the Text 2D.

TEXT 2D. Philips Refrigerator.

The Philips refrigerator operates on the Stirling cycle, which was invented in 1816 by a Scottish minister, Robert Stirling, for use in a hot-air engine. AS early as 1834, John Herschel (Kohler 1960) suggested that this engine could be used as a refrigerator. The first Stirling cycle refrigerator was constructed by Alexander Kirk around 1864.

The Philips refrigerator consists of a cylinder enclosing a piston,  a displacer, and a regenerator. The piston compresses the gas,  while the displacer simply moves the gas from one chamber to another without changing the gas volume , in the ideal case. The heat exchange during the constant-volume process is carried out in the regenerator.
          The sequence of operations for the system is as follows.

 Process 1-2.  The gas is compressed isothermally while rejecting heat to high-temperature sink (surroundings).

 Process 2-3. The gas is forced through the regenerator by motion of the displacer. The gas is cooled at constant volume during this process. The energy removed from the gas is not transferred to the surroundings but is stored in thew regenerator matrix.

Process 3-4.  The gas is expanded isothermally while absorbing heat from the low-temperature source.

Process 4-1. The cold gas is forced through the regenerator by the motion of the displacer, the gas is heated during this process. The energy stored during process 2-3 is transferred back to the gas. In the ideal case (no heat inleaks), heat is transferred  to the refrigerator only  during process 3-4, and heat is rejected from the refrigerator only during process 1-2.

If we assume that the heat transfers to and from the refrigerator are reversible, the heat transferred may be determined by the Second Law of Thermodynamics .

                     Heat rejected = Q r = mT 1(s2   - s1 )
                             Heat absorbed = Qa  = mT3 (s4  - s3  )



where m is the mass of gas in the refrigerator cylinder. By the First Law ,

 Wnet =Qr+Qa for a cycle, so the coefficient of performance of the ideal Philips refrigerator is

                COP = -Qa /Wnet =T3/(T1(s1-s2)/(s4-s3)-T3)


Frictional energy dissipation, pressure drops through the regenerator, finite temperature differences during heat rejection and heat absorption and finite temperature differences between the regenerator and the working fluid all tend to lower the figure of merit in the actual refrigerator.

18. Describe the sequence of operations for the given system.
UNIT 3.

I. Read and  learn  the following words:

A cryocooler – криогенный охладитель,                           to reckon - вычислять,

a refrigerating system – холодильная установка,              to specify - определять,   to range from…to - заключаться в пределах от …до,     an emission - излучение, a sliding seal - скользящее  уплотнение,               
    to quote - ссылаться, cooldown time -  время охлаждения,                                 a failure - отказ.

 to involve – содержать,  включать в себя,                       

 to oppose – противодействовать, противопоставлять,    

 an elimination -  устранение, исключение,
 a piston ring -  поршневое кольцо.

2. Give  synonymous words:

refrigeration, operation, stable, different, speed, average, similar, to achieve, to specify, to carry out, capacity, operating conditions, requirement, ultimately.

3. Read and translate the following word combinations into Russian:

 a  refrigeration system, measured in watts, to specify the temperature, the highest efficiency, cooldown time, design  conditions, slow warmup,  mutually opposed thermal masses, normal operating mode, following start-up, practically challenging requirement, elimination of noise, heat transfer, before failure, operating life, defence-related systems.

4. Find English equivalents from the Text 3A: 

 физическое разделение холодной зоны, при  расчетных  условиях, отличается от криогенного  охладителя мощностью 1W, изъятие всех движущихся частей, механический шум,  мощность измеренная в ваттах,  охлаждение ускоряемое при высоком давлении, среднее время до отказа,  тепло выведенное из системы,  из-за высоких коэффициентов теплопередачи, современная холодильная установка, долго работает без техобслуживания, оказывает воздействие на срок службы.

5. Use the following in sentences of your own:

To be rated by, to be available, to be different from, to be accelerated by,  to be best approached by, to be affected by, to be rejected from, to be supplied to, to be designed to, to be familiar with.  

6. Read and translate the Text 3A.                                                               

                                               Text 3 A.  CRYOCOOLERS .


A cryocooler is a refrigerating system capable of achieving temperatures in the cryogenic range, generally reckoned to be less than 120 K. The word cryogenic is derived from the Greek “icy cold”.


Cryocoolers are often rated by their available refrigeration capacity measured in watts. However, it is necessary to specify not only the refrigeration capacity but also the temperature at which the refrigeration is available. A cryocooler having a capacity of 1 watt at 4 K is very much different from that having a capacity of 1 watt at 80 K.


The efficiency of available cryocoolers ranges from a minimum of less than 1 percent to a maximum of near 50 percent. The small machines used for electronic applications have the lowest efficiencies. This is because nearly all refrigeration generated is consumed in cooling, and maintaining cold, the low temperature region of the machine itself. The highest efficiencies are found in large machines used for liquifiers and range from 20 to 50 percent. 


Cooldown time, the period necessary for the machine to achieve stable  operation at  the design condition following startup is very important in some applications of miniature systems, usually weapon related.  The combination of a quick cooldown and a slow warmup is a practically challenging requirement involving  mutually opposed high and low  “thermal masses”. Cooldown is sometimes accelerated by operating at a high pressure or speed on startup or later switching to the normal operating mode.


Mechanical vibration and electro-magnetic emission  in the cold region are often important characteristics of cryocoolers. Some  applications require the total elimination  of any mechanical or electro-magnetic noise. This is best approached by:

a) physical separation of the cold region and compressor unit where large power input and heat transfers take place.

 b) elimination of  moving parts in the cold region.

 c) the use of plastic, ceramic or other nonmagnetic parts in the cold region.


Operation time is another important characteristics often quoted as the mean time before failure. This is generally taken to mean the average time of operation before failure of a number of identical cryocoolers operating under similar conditions. Operating life is affected to a large extent by the nature of the system:  moving parts, sliding seals, piston rings, etc.


The power supplied to drive the cryocooler is eventually degraded to heat and must be rejected from the system. Thus, the cooling system  is designed to carry the waste heat  because of high heat transfer coefficients and heat capacities achieved with liquids.


There are many military, civil, medical and scientific applications for cryocoolers in electronic, space, and defence-related systems. The ultimate refrigerator has not been yet  invented. This would  produce  the refrigeration required at appropriate temperature. It would be compact, lightweight, run forever with no maintenance on a pennyworth of kerosine without vibration , noise, or smell. All practical features  of such systems are specified by their applications.

7. Answer the following questions:

1.What is a cryocooler? 2. What  units is the refrigeration capacity usually measured? 3. Why do the small machines have the lowest efficiencies? 4.What are the characteristics of cryocoolers? 5.Where do cryocoolers find their application?

8. Translate the following group of words paying attention to 

Participle I and II.

1). The refrigerating system using the capacity… 2). The cryocoolers being used nowadays… 3). The device having been used by the scientists… 4). Having used the efficiency of cryocoolers available the machine… 5). The cooldown time being very important in some applications of miniature machine… 6). Being used widely in industry the device… 7). Cryocoolers operating under similar conditions can be… 8). The capacity measured in watts  is… 9). Having been put into operation the refrigerator uses… 10). The moving parts eliminated in the cold region are…11). The plastic and ceramic parts being used in this system are… 12). The refrigerator invented was described… .

9. Put the verbs given in brackets in the form of Participle I or II.

1). The capacity (to gain)  (Perf. Act.) 2). The energy (to release)  (Indef. Pas.) 3). Experiments (to conduct) (Indef. Pas.) 4). The moving parts (to eliminate) (Perf. Pas.) 5). The refrigeration (to generate) ) (Indef. Pas.) 6). The friction (to produce) (Perf. Pas.) 7). The velocity (to exceed) (Perf. Pas.) 8). The heat (to reject) (Indef.Pas.) 9). The heat capacities (to achieve) (Perf. Pas.) 10). The features (to specify) (Indef.Pas.).

10. Translate sentences paying attention to Participle II + Infinitive.

1). The heat exchanges expected to be vital elements of all cryocoolers  are used in counter-flow or in parallel-flow operation.2). The phenomena supposed to be investigated will be  spoken about at the meeting. 3). Much higher pressure ratios estimated to be achieved in a centrifugal compressor at comparable speed are required for such a type of a rotodynamic machine. 4). A single-stage compressor expected to be built and tested will incorporate aerodynamically shaped blades on a 218 mm diameter impeller to achieve high efficiency. 5). Cooling to the motors and bearings thought to be taken place in the compressor is provided by a closed loop refrigeration system. 6). The flow assumed to be one –dimensional and incompressible is considered to be the most important characteristics of the behavior of the machine . 7). The overall performance of the compressor expected to be estimated in this paper is expressed in curves relating pressure ratio, flow rate,  speed and efficiency.

11. Translate sentences paying attention to “With + noun +Participle I “ construction.

1). With industrialization going on at its present rate the world’s fuel reserves will be exhausted within the near future. 2). With the regenerative exchanger being installed in the cryocooler, it should be provided with valves to regulate the flow of the working fluid. 3).The temperature of an object being raised, the velocity of electrons increases. 4). The interconversion of heat and work having been demonstrated, it is possible to define a new function called   “the internal energy E”. 5). A cylinder of a gasoline engine is like a gun, with the piston taking place of a bullet. 6). The nucleus of an ordinary hydrogen atom consists of one proton, with one electron moving round it. 7). With the thermal energy being used at high temperatures to generate cyclic pressure fluctuations in the closed engine, these fluctuations can produce refrigeration at low temperatures. 8). With an operating life of the device being short it would possible to obtain the low speed, low refrigeration output characteristics of such a type of engines.

12. Read and translate the Text 3B.

Text 3B. HEAT EXCHANGERS.

Heat exchangers  are vital elements of all cryocoolers. Two principal types of heat exchanger are used: (i) recuperative and (ii) regenerative.  A recuperative

heat exchanger is a device where separate flow passages are provided for the hot  and cold fluids. The fluids are separated by a solid wall and heat is transferred by conduction across the wall.  The fluids may flow continuously or periodically. 

A regenerative  heat exchanger has a single set of flow passages through which the hot and cold fluids flow alternatively and periodically. The regenerative matrix, often a porous finely divided mass (of metal wire or spheres), may be thought of as a thermodynamic sponge alternatively accepting or rejecting heat as the hot or cold fluid flows through it. 

Both types of exchange may be used in counterflow or in parallel-flow operation. In counterflow operation the hot and cold fluids flow in opposite direction. In parallel flow operation the fluids flow in the same direction.  Counterflow operation is much more effective than parallel flow operation and should always be used except in special circumstances.

The type of heat exchanger used, either regenerative or recuperative, is a key feature in identifying the particular family of machine. Within this family various machines may be further separated and classified by the thermodynamic cycle on which they operate or by some other feature.

Cryocoolers with regenerative heat exchangers include Solvay and Gifford-McMahon, Stirling, Ericsson, and Vuilleumier engines. Cryocoolers with recuperative heat exchangers include Linde, Hampson, Claude, Collins, and Joule-Thomson engines.

If the specimen cryocooler does include a regenerative exchanger it should be provided with valves to regulate the flow of the working fluid. 

Another key feature is the manner in which the flow of working fluid is controlled, namely, by valves or by volume variations. All recuperative engines have valves. Therefore, classification by means of flow regulation is specific to regenerative engines. Here are arbitrary distinction is adopted:

1. Stirling engines where the flow is controlled by volume changes;

2. Ericsson engines where the flow is controlled by valves.

The use of  valves for flow regulation has the advantages of increased flexibility in flow control and timing with the possibility of virtually unrestricted pressure ratios ( pmax/ pmin) . Valves add to the mechanical complexity of the system and provide sources of noise and additional points of wear so the prospect for long life with low maintenance is reduced.

The distinction between engines with and without valves is important and has a profound impact on the design and operation of regenerative machinery. 

If the unit does include valves as well as a regenerator it will be an Ericsson, Solvay, Postle and Gifford-McMahon type of engines. The distinction between Solvay unit includes a work-producting low temperature expansion machine. The Postle unit operates with a displacer only.

If the specimen cryocooler contains a regenerative heat exchanger but no valves the next step in classification is the type of device used to achieve a pressure variation.

Stirling engines incorporate a mechanical compressor so the total enclosed volume of the working space varies cyclically as a result of the motion of a piston in cylinder.

In Vuilleumier engines there is no piston but simply a displacer moving working fluid from a hot spacer and vice versa. The machine is said to have a thermal compressor and is sometimes called a thermocompressor. The variation in temperature at constant volume causes a change in pressure, ( high when the fluid is in the hot space, low when it is in the cold one.) The change in pressure is utilized in a separate but connected cylinder also containing a displacer to achieve refrigeration. The machine was devised by Rudolph Vuilleumier in 1918.

Multiple applications for cryogenic cooling system have resulted in the development of many different cryocoolers with different characteristics and attributes.

13. Answer the  following questions:

1). What principal types of heat exchangers are used? Give the definition to each of them. 2). Where  may these types of exchangers be used ? 3). What is the key feature in identifying the particular family of  the machine? 4).What kind of engines do cryocoolers of both types include? Name them. 5) What has a profound impact on the design and operation of regenerative machinery?

14. Translate the following words into Russian:

flow passages, volume variation, counterflow, to be provided with, to be specific to, arbitrary distinction,  to be controlled by, unrestricted pressure ratios, the prospect for long life, to cause, maintenance, to have a profound impact on, low-temperature expansion, to result in.

15. Find the correct sentences in the Text 3B.

1). Cryocoolers do not use heat exchangers. 2). The fluids are connected by a channel. 3). In counterflow operation the fluids flow in the same direction. 4). Another key feature is the way to stop the flow of working fluid. 5). The use of valves for flow regulation has the advantages of increase flexibility  in flow control. 6). The distinction between engines with and without valves is unimportant and has no impact on the design. 7). The volume of the working space varies cyclically as a result of the motion of a piston in the cylinder.

16. Read and translate the Text 3C. Describe the single - acting Stirling engine operation.                                            

               Text 3C.  SINGLE – ACTING  STIRLING  ENGINES.

Stirling cryocoolers, machines operating on a regenerative cycle without valves, can be classified into two principal groups, namely, machines with mechanically induced compression and machines with thermally induced compression. The machines with thermal compression are treated separately as Vuilleumier Engines. Machines with mechanical compressors may be further subdivided into two families identified as single-acting and double-acting engines.

A single – acting Stirling engine is an  ensemble of expansion space, compression space, and associated heat exchangers in one or two cylinders with two reciprocating elements, one of which must be a piston. The other may be a piston or a displacer. Every ensemble constitutes a complete system operating independently of other single acting systems coupled on a common crankshaft or other kinematic mechanisms.

All existing arrangements of a single-acting Stirling engines may be subdivided into two groups: two-piston machines and piston/displacer machines.

A further distinction can be made in the piston/displacer group between(a) machines where the piston and displacer operate in a single cylinder called an integral-Stirling machine, and (b) machines where separate cylinders are provided for the piston (compressors) and the displacer (expander), an arrangement called the split-Stirling machine.

In all these machines the reciprocating elements, the pistons or displacers, may or may not be connected to a kinematic drive mechanism (cranks and connecting rods, Scotch yoke or rhombic drive mechanism). Machines with a kinematic drive mechanism are called disciplined piston (or displacer) engines. Machines with no kinematic drive mechanism are called free piston engines. Another variation has one of the reciprocating elements (usually the piston) coupled to a kinematic mechanism and the other operating as free piston (or displacer). 

A distinction also has to be made between machines with a separate stationary regenerator and those where the regenerator is incorporated in the displacer and moves it.

In most cases, the system was conceived for use as a prime mover and many of these cases have never been made as cooling engines. This does not preclude future development of new and different arrangements.

The spectrum of possibilities for two-piston arrangements is very wide. It includes the conventional piston/cylinder systems and many other employing metal bellows and diaphragms, rotary assemblies and free-piston devices where motion is induced by fluidic forces alone, or in combination with mechanical springs. The only two-piston machine available commercially (from Philips) is intermediate capacity cooler. This interesting machine utilizes a Joy compressor crankcase and pistons to generate the hydraulic drive for the two opposed pistons of the upper, central Stirling engine coolers. It is difficult machine to classify. The Stirling system pistons are activated by fluidic forces only, pneumatic on one side, hydraulic on the other to make it a free piston engine. Yet, it has a kinematic vee cylinder crank connecting rod mechanism through which the input work is supplied to the engine to generate the hydraulic forces inducing the Stirling piston motion.

17. Read and translate the Text 3D. Answer the question: Where do Vulleumier engines find their application? 

                          Text  3D. VUILLEUMIER CRYOCOOLERS

A Vuilleumier cryocooler uses thermal energy at high temperatures to generate cyclic pressure fluctuations in the closed engine. The pressure fluctuations are used to produce refrigeration at low temperatures. The heat absorbed by the engine at high temperatures and at low temperatures is rejected at ambient temperatures. 

The pressure fluctuations are produced by shuttling gas periodically from an ambient temperature region to a high-temperature region  by the action of a reciprocating displacer in the hot cylinder. There is another displacer in the cold cylinder. The hot and cold displacers are coupled by some form of kinematic mechanism to maintain proper phasing and synchronous operation.

A little work is required to operate the displacers and overcome the fluid and mechanical friction of seals and bearings. In most cases the work input is supplied by an electric motor. Ingenious self-acting systems have been made which use some of the heat input to generate enough work to drive  the displacers. Difficulties with seals limit the usefulness of this attractive feature.

A Vuilleumier  engine can be thought of as a  Stirling engine working as a refrigerator with a thermal compressor instead of a mechanical compressor. They should not be confused with the Stirling-Stirling duplex arrangement in which one Stirling engine acting as a prime mover receiving heat at high temperature produces work to drive another Stirling engine operating as a refrigerator accepting heat at low temperature (the useful refrigeration effect). Both reject heat at ambient temperature.
The principal advantage claimed for Vuilleumier cryocoolers is the potential for long life made possible by the low mechanical forces acting on the drive mechanism,bearings, and seals. These low forces arise as a consequence of the low pressure ratios (1.1 to 1.2) in Vuilleumier engines compared with Stirling engines. (2 to 2.5). The pressure ratios are low in Vuilleumier engines for they are generated solely as the result of changes in temperature, not both temperature and volume as in a Stirling engine.

Stirling cryocoolers are used where space and weight are at a premium. The design is constrained to a machine operating at high pressure and speed with maximum possible compression ratios to obtain the highest refrigerating effect per unit mass or volume. The price to be paid for this is a short operating life. It is often overlooked that it would be simple to relax the output requirements imposed on Stirling engines and obtain the same low speed, low compression ratio, low  refrigeration output characteristic of Vuilleumier engines. This would endow Stirling engines with the same long life claimed as the principal attraction of Vuilleumier engines.

Disinterested comparative studies have shown the Stirling cryocooler as more efficient and lower in cost, volume, and weight than the equivalent Vuilleumier unit. The long-life characteristic of Vuilleumier engines has, in fact, proved elusive despite a decade of intensive development. One particular difficulty  has been the high wear rates of the hot rider, the sliding guide ring, at the high-temperature end of the hot displacer.

The real advantage of the Vuilleumier cryocooler is the ability to use a thermal energy input to produce refrigeration. This can be supplied by concentrated solar energy, radioisotopes, combustion of fossile fuels or waste materials, and finally, waste thermal streams of industrial plants or power systems.

Solar and isotope energy made the Vuilleumier engine  a strong candidate for cryogenic cooling in long-duration space exploration.  Waste thermal streams or combustion of waste products  can be combined with  Vuilleumier engines to produce refrigeration at both cryogenic and higher temperatures for food processing and air conditioning. Terrestrial applications of Vuilleumier engines for air conditioning with solar energy are very attractive. In many locations, air conditioning refrigeration is required only when the sun is shining. This is happier circumstance than the use of solar energy for power production, where the main requirement for power  arises at night.

In all these potential applications for Vuilleumier engines, similar considerations apply to duplex Stirling systems, but so far as is known, no comparisons have been made. Self-starting and complete independence of an auxiliary electric power supply would weigh heavily in favor of duplex Stirling systems. There are good prospects that an ingenious designer could instill the same desirable characteristics in the Vuilleumier engine.

18. Give the summary of the Text 3D.
                                                  UNIT 4 .

1. Read  and learn new words.

     behavior - поведение, характеристика,               impurities - примеси,

     to be  in service - находиться в эксплуатации,    deviation - отклонение,

     glass fibre - стекловолокно,                                 epoxy - эпоксидная смола,

     long term operation - длительная  работа,           an amplifier - усилитель,

     a displacer - вытеснитель,                                     a sleeve - втулка,

     outgassing - дегазация,                                          leakage - утечка, течь,

     contamination - загрязнение,                                 to bridge - перекрывать,

     to meet the requirement - удовлетворять              heat conduction - тепло-

     требованиям,                                                          проводность,

     permeation - проницаемость,                                 to estimate - оценивать.

2. Read and translate the Text 4A.

             Text 4A. GLASS-LOW POWERED CLOSED-CYCLE CRYO-REFRIGERATOR FOR LONG TERM OPERATION.

Small scale, closed-cycle Stirling cryo-refrigerators have been successfully constructed and are described in the literature. However, little is known about their long term behavior in service, which is important for permanently cooling the various electronic low temperature devices. To achieve this goal, the conical regenerator of the Stirling refrigerator  has been made of Schott Duran glass, which minimizes the impurities of the working gas, helium, compared with the plastic materials normally used such as nylon or glass fibre epoxy. Another feature is the use of a Viton double-diaphragm compressor. The lowest temperature achieved is 34 K with a standard deviation of  s= 0.8 K at a necessary electrical input power of 280 W at 150 cycles per minute and an average helium gas pressure of 4 bar.

The successful use of cryoelectronic components requires the design of cryo-refrigerators of low cooling power. Research in this area was recently stimulated and further intensified by the discovery of high temperature superconductors. Working temperatures should, therefore, range between the liquid helium and liquid nitrogen temperatures. Apart from superconducting components, the cooling of non-superconducting  devices, e.g. amplifiers, cryoresistors  for metrological use and sensitive detectors, is also necessary and of interest. The main requirements on these cryo-refrigerators are low cooling power, low level of electromagnetic interference  (often non-magnetic) and long term operation.

Closed-cycle regenerative machines of the Stirling and Gifford-McMahon type, whose equilibrium temperature is   10 K, have been described in the literature. In particular, many variants of the split Stirling refrigerator with gap regeneration and of single-stage and multi-stage design or with conical displacer have been investigated. The feature common to these refrigerators consists of both displacer and sleeve being made of the same, or of different, plastics. Plastics such as glass fibre epoxy or nylon have excellent thermal properties for reaching temperatures as low as possible. The disadvantage is that, due to outgassing, they lead  to rapid contamination of the working gas and, therefore, limit long term operation. So, in the investigations described , glass was substituted for the plastic material, whose outgassing flow density is about 180 times lower then that of epoxy. Glass, therefore, met the most important requirement for long term behaviour. The long term behavior of a gap refrigerator is determined by the fact that the working gas progressively becomes contaminated. The gap is gradually bridged by the condensate formed  from the contaminants, and the refrigerator finally fails due to friction. Ultra high vacuum conditions must, therefore, prevail in the working area to ensure long, trouble free operation. The following conditions must be met: 1- minimum total leakage rate; 2- minimum outgassing; and 3- minimum gas permeation. The use of glass instead of plastics as regenerator/displacer material is advantageous since the long term  behavior is better. But, the thermal properties are not as good for glass. Based on the given geometry of the hollow generator cones, it was estimated that the heat conduction losses dominate by about one order of magnitude over all other losses such as shuttle, regenerator and radiation losses. Radiation of heat at room temperature to the cold tip of the displacer / regenerator was minimized by ten copper screens placed into the hollow displacer cone and distributed over its length. The displacer was filled with helium and sealed against the working area.

In conclusion, a longer operating time of the split Stirling refrigerator can be achieved when the conical displacer / regenerator is made of glass instead of glass fibre epoxy. An essential prerequisite for this is that air permeation is kept as low as possible since long term operation will otherwise be limited.

3. Ask questions to the Text 4A  to each other and answer them.

 4. Translate the following group of nouns.
     A single-stage machine, oil flooded screw compressors, much higher pressure ratios, rolling element bearings, glass low power closed-cycle cryorefrigerator, double-acting engine, long-duration space exploration, strain gauge type pressure sensors, pulse tube refrigeration, temperature and pressure oscillations, thin-walled stainless steel tubes, pressure-measuring device, acceleration-dependent force, present-day high-powered engines, partial-pressure-dependent condensation coefficient, the void volume increase, the saturating vapour pressure.

5. Translate sentences paying attention to group of nouns.

    1). The gas-filled free balloons are used for scientific purposes. 2). There are several types of pressure-sensitive measuring devices which are in use to-day. 3). The use of air-breathing engines as first-stage missile boosters is certainly feasible.

4). The large long-range space probes carry large amount of equipment. 5). A single-stage compressor was built and tested. 6).A commercial , adjustable speed, three phase AC induction motor was selected to drive the prototype compressor. 7). A prototype two-cylinder single-engine Ross-Stirling refrigerator was designed following the computer-based simulation studies described above. 8). Cooling to the motor and bearings  is provided by a closed loop  refrigeration system in the motor controller cabinet. 9). It would be possible to reach a higher refrigeration power only if  the heat conduction losses were further minimized.

6. Read and translate the Text 4B.

 Text 4B. ROSS - STIRLING  SPACECRAFT REFRIGERATOR.
A spacecraft refrigerator was investigated capable of providing cooling for low-temperature storage of food and biological samples in the temperature range of -20 to 0 C with cooling capacity in the range of 1-2 kW, operating for long periods with great reliability. The system operated on the Stirling refrigeration cycle, a closed thermodynamic regenerative cycle in which the gaseous working fluid experiences repeated compression at different temperature levels, using the spacecraft life-support gases as the working fluid.

     A prototype spacecraft Stirling refrigerator was designed , built, and tested with air as the working fluid. The system performance was satisfactory, generally meeting the preceding specified requirements. There is a wide range of additional potential applications of the prototype refrigerator in   submarines, tanks, aircraft, and emergency shelters. Should Freon refrigerants eventually be banned because of  the environmental impact (ozone destruction in the upper atmosphere), applications  may extend  as alternative refrigeration systems to commercial, automobile, train, and bus air conditioning and  refrigeration systems.

     A Stirling refrigerator using the normal spacecraft atmosphere as the working fluid was proposed to obviate concern about the spacecraft atmosphere pollution by leakage of refrigerant from the refrigerator.

     A Stirling refrigerator operates on a closed thermodynamic regenerative cycle in which the gaseous working fluid  experiences cyclic compression and expansion at different temperature levels so that there is  a net conversion of heat to work or vice versa. The system may also operate as a prime mover, convering heat to work, and as a refrigerator or as a heat pump absorbing heat at a low temperature and rejecting it at a higher temperature. When operating as a refrigerator or heat pump, an input of work to drive the system is required. The detail technology of Stirling machines has been well summarized.

     Stirling refrigerators have several advantages over more conventional vapor  compression refrigerators using an organic (Freon) working fluid. One important advantage is that the working fluid can be the same gas mixture as the life-support system provided in the spacecraft. Leakage of working fluid from the refrigerator, therefore, presents no hazards to the crew, for it is the same provided for their life support.  This virtually eliminates problems of fluid sealing. Leaks can be tolerated and replenishment simply drawn from the spacecraft environment and compressed in a miniature compressor associated with the refrigerator.

     In a Stirling refrigerator, the pressure and temperature levels for  the working fluid can be independently chosen. They are not related as in a vapor compression machine where the pressure of condensing vapor or evaporating liquid is the saturation pressure corresponding to the temperature at which these phase change processes occur. In a Stirling refrigerator, the pressure can be increased to raise the cooling capacity, while maintaining the same temperature regimes can be adjusted to compensate for changes in the operating temperatures as required. There is no chance the working fluid will become overheated and decompose/carbonize as the heavy organic (Freon) working fluids are prone to do. 

     At present,  Stirling refrigerators are not widely used for refrigeration near ambient temperatures. Vapor-compression machines are overwhelmingly used. Stirling refrigerators are less efficient than vapor compression machines at near ambient temperatures. At much lower temperatures ( in the cryogenic range of 6-120 K)  such refrigerators are the system of choice for miniature cryocoolers used for infrared night vision and missile guidance systems and many other electronic applications.

     The present article describes the two-piston, parallel-cylinder Stirling engines used for spacecraft refrigeration. This machine incorporates a new simplified Ross linkage invented by A.Ross. This gives the pistons a close approximation to the required phasing, a nearly sinusoidal motion, and is virtually a straight-line linkage, and so there are no significant piston side forces. This latter feature is very important from the aspect of long, maintenance-free life.

     The machine shown operates as a refrigerator, absorbing power input to produce a low temperature in the expansion space and rejecting heat from the compression space/ cooler to the coolant.

7. Read and translate the Text 4C.

            Text 4C. SPACE-BORNE  3 HE REFRIGERATOR.
The design of cryogenic systems for space is complicated by many requirements that are not present in the design of laboratory systems. Space-borne cryostats and refrigerators must be small, lightweight and extremely reliable. They must survive large acceleration and vibrations during launch, and then operate for months or years without mechanical service or replenishment of cryogens. Finally, they must operate in zero gravity. For all of these reasons, the adaptation of standard laboratory cryogenic techniques in space is difficult. The lowest temperature achieved in orbit to date is   1.8 K using superfluid 3He vented space through a porous plug. Much lower temperatures are desired for many applications, in particular for cooling  bolometric detectors for infrared and X-ray astronomy. A variety of cryogenic systems that can achieve subKelvin temperatures in orbit are now being developed.

A space-compatible  3He refrigerator is being developed  for cooling the bolometric detectors of the Far Infrared Photometer in the Infrared Telescope in Space. The refrigerator is self-contained and compact, and can be recycled in zero gravity with low power dissipation (   20 mW). A laboratory prototype that contains  the liquid 3He  in the evaporator has been successfully cycled upside-down, i.e. against gravity, thus providing the feasibility of the cycle in zero gravity. Sintered copper contains the 3He to the evaporator during the low temperature phase. Temperatures as low as 280 mK have been achieved with this configuration. Other types of porous material which have lower mass density are currently under investigation. The refrigerator can be cycled in space with   20 mW of power and has more than two weeks of hold time.  The long hold time and the low power dissipation of the refrigerator are made possible by using gas heat switches to make and break thermal contact with the absorption pump and with the evaporator, and by using tensioned Kelvar cord to provide rigid support with excellent thermal isolation. 
The Infrared Telescope in Space is a small Cassegrain telescope designed to study the diffuse galactic and extragalactic backgrounds at wavelength between 100 mkm and 1 mm. The telescope and the focal plane instruments are cooled by superfluid  4He to make instrumental emission negligible and thus permit sensitive observations of the faint infrared diffuse background. The 4He cryostat is designed to have a lifetime of one month in orbit during which observations will be conducted for a period of two month. The  4He refrigerator will cool bolometric infrared detectors from the 1.8 K provided by the superfluid 4He bath to 0.33 K. Because of sensitivity of a bolometric detector improves as T-5/2 , the 3He refrigerator provides an    60 times increase in the detector performance. To be used in zero gravity environment such as an orbital spacecraft, however, some means of separating the liquid from the gas phase for 3He is necessary. In addition, the strict limits on power dissipation at the 2K cold stage of a long-life, orbital, 4He cryostat demand that the refrigerator operate with much better thermodynamic efficiency than that of existing refrigerators. The peak power dissipation of the refrigerator is limited to 20 mW and the average power dissipation to 2 mW.

                                   SUPPLEMENTARY TEXTS.

8. Read and translate the Text 5A.

                                  Text 5 A. NATURAL REFRIGERANTS.

Refrigerants and air conditioning play important roles in modern  life. They not only provide comfortable and healthy living environments, but also come to be regarded as necessities for surviving severe weather and preserving food. Unfortunately, accelerated technical development and economic growth in much of the world during the last century have produced severe environmental problems, forcing us to acknowledge that though these technological advances may contribute to human comfort, they also can threaten the environment through ozone depletion and global warming.  Aside from cost reduction, these concerns are the biggest driving forces for technical innovation in the field of refrigeration and air conditioning. 

Chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) – used as working refrigerants in refrigerators and air conditioners as well as blowing agents in foams – are now being regulated because of their contribution to ozone depletion.  Hydrofluorocarbons  (HFCs) could be useful as short- and midterm replacements, but may ultimately not be suitable, owing to their global-warming potential. Accordingly, a long-term solution will require the use of natural refrigerants. The refrigerator and automotive air-conditioning industries have already begun to address the challenges of replacing HCFCs, including R-2, and eventually, HFCs on a global level.

The search for a new and environmentally benign refrigerants to replace the existing CFCs and HCFCs has led to the introduction of HFCs. However, HFCs have a much higher global-warming potential and higher costs than natural refrigerants. These concerns have spurred calls for the investigation of alternatives to HFCs. Some environmentalists would like the refrigeration industry to bypass  HFCs and employ natural refrigerants as soon as possible.

Natural refrigerants are working fluids based on molecules that occur in nature. Examples are such substances as air, water, ammonia, hydrocarbons, and  carbon dioxide. Nevertheless, the actual fluids used in refrigeration systems may very well be synthesized and will not necessary be extracted from nature. Ammonia, for instance, is synthesized in large quantities, and hydrocarbons undergo an extensive chemical processing procedure. Still, the cost of these fluids is much lower than that of HFC refrigerants, and they do not affect the environment in an unknown way. Also, the amount of fluid produced is negligible compared with the amount available in nature.
Studies of natural refrigerants are already underway.  Air, water, ammonia, hydrocarbons , and carbon dioxide have a low or zero direct global-warming potential and zero ozone-depletion potential.
9. Read and translate the Text 5B.                  
                Text 5B.  VARIETIES OF NATURAL REFRIGERANTS   

Although natural refrigerants were used extensively in the early years of  refrigeration technology, a number of technical and safety challenges caused them to be readily abandoned when CFCs became available. These  challenges still exist today for air, water, ammonia, hydrocarbons, and carbon dioxide.

Air is used extensively as a refrigerant in aircraft cooling. Its advantages are that open systems require fewer heat exchangers, aircraft have compressed air available already, and systems tend to be low in weight. Its efficiency, however, is quite  poor. Nonetheless, German railways have installed air cycles in the latest generation of high-speed trains, because of weight concerns and, most importantly, because maintenance time is very short.  There is no cumbersome and time-consuming refrigerant reclamation and no system evacuation is required.

Water has the potential to be  a very efficient refrigerant, but because it requires operation in a deep vacuum, its vapor density is quite low. This leads to costly large- volume vacuum tanks that must house all the machinery,  such as heat exchangers and compressors. Furthermore, water’s pressure ratio is very high, imposing additional challenges for compressors that must operate in a deep vacuum.

The only applications where water is used as a refrigerant on a commercial basis are in large-capacity lithium-bromide water-absorption chillers. Over the last decade, a few large-scale water-vapor compression systems have been used commercially. One such system provides cooling to the  LEGO factory in Denmark, another to a mine in South Africa. In both cases, open systems are employed, and the need for heat exchangers is eliminated by using direct- contact heat exchanger. Thus, the chilled water that circulates through the facility is also used as the refrigerant. Although various research projects are underway worldwide,  a demanding compressor technology, the need for vacuum pumps, and degassing remain great challenges in terms of cost and design.

Ammonia is also a very good refrigerant and is used to a significant extent in large warehouses.  Ammonia is toxic and,  under certain  limited conditions, flammable and even explosive. However, with its intense, pungent odor, it is a self-alarming refrigerant. Ammonia has emerged as a refrigerant for water chillers in Europe. These units are entirely self-contained, including a gas-tight cabinet that houses the entire unit and a water tank to dissolve any ammonia in case of a leak. These measures, to be sure, increase costs considerably. 

Hydrocarbons are excellent refrigerants, but they are also flammable and explosive. In North America, any flammability risk is unacceptable, but some countries in Europe  have less-stringent liability laws. Since the mid-1990s, virtually all refrigerator production in Germany has used hydrocarbons as the  working fluid. Some heat pump manufacturers whose systems are installed entirely outdoors have  followed suit, and  some commercial installations have recently become publicly known. Nevertheless, the danger of fire remains an overriding concern.

Carbon dioxide is a refrigerant that operates at very high pressures in a transcritical cycle for most operating conditions. Thus , the refrigerant condenser of a conventional refrigeration system serves now as a cooler for supercritical fluid. Only after the expansion process is liquid carbon dioxide available to provide cooling capacity through evaporation. Because of the nature of the transcritical cycle, the efficiency of carbon dioxide is quite poor. However, this is its only disadvantage. All other characteristics of carbon dioxide are very favorable. It is  environmentally safe, has low toxicity, and allows for extremely compact systems. The vapor pressure of CO2 is approximately seven times higher than that of R-22. Moreover, the supercritical CO2 has a higher density than subcritical fluids, so there is potential to reduce the size of hardware.

10. Read and translate the Text 5C.                                         
Text 5C. CHOOSING THE RIGHT REFRIGERANTS

More than a decade has passed since the signing of the historic Montreal Protocol that restricted the use of ozone-depleting substances. Many conventional refrigerants have already been banned or are slated to be phased out. With several alternative refrigerants in place,  the process of selecting a refrigerant for a particular application is not straightforward. The driving forces in refrigerant development and selection are varied and sometimes conflicting. However, several options are currently available that take into account all aspects of the refrigeration system.

There are five  major factors that design engineers must consider in selecting a refrigerant for a particular application: performance, safety, reliability, environmental acceptability, and simple economics. In assessing these areas, design engineers should keep in mind that the relative importance of each depends upon the application and, of late government regulations, which differ from one country to another.

Two of the primary criteria in the performance of a refrigeration system are refrigeration capacity and efficiency. The refrigeration capacity is the amount of cooling that the system can produce for a given volumetric flow rate of the refrigerant.  Volumetric capacity is dependent not only on the latent heat of vaporization but also on the density of  the refrigerant vapor that enters the compressor. One good indicator of a  refrigerant’s capacity is its normal boiling point. The higher the boiling point, the lower the fluid’s volumetric cooling capacity will be. On the other hand, fluids with higher boiling points tend to have greater efficiency. However, they also tend to have a higher pressure drop and, in some cases lower heat transfer coefficients. Thus , there is a need for compromise. Other refrigeration system requirements include appropriate operating pressure, smaller compressor size, and lower compressor-discharge temperature.

As far as safety is concerned, toxicity, flammability, and pressure govern the proper use of a refrigerant. Refrigerants are broadly classified, based on their toxicity and flammability. For toxicity, the classification is based on the chronic exposure limits (the level to which an individual can be exposed over his working life without ill effects.), which are defined by the threshold limit value, the maximum exposure at any given time, and the time-weighted average. Refrigerants with no identified toxicity at concentrations less than 400 parts per million (ppm) based on the threshold limit value and time0weighted average are considered  Class A, while those that show evidence of toxicity at concentrations below 400 ppm are Class B. Most refrigerants in use are Class A. However, there are a few Class B refrigerants,  such as R-123 and ammonia, that need additional equipment safety.

Refrigerants are classified in three groups,  according to their flammability. Class 1 refrigerants are nonflammable – they show no flame propagation at ambient conditions at any concentration.  Class 2 refrigerants, which are considered moderately flammable, show flame propagation at concentrations greater than 0.1 kilogram per cubic meter with heats of combustion less than 19 megajoules/ kg. Class 3 refrigerants are highly flammable even for concentrations less than 0.1 kg/m3 with heats of combustion greater than 19 MJ/kg. All of the current halocarbon refrigerants (including refrigerant mixtures) are formulated to be Class 1. Hydrocarbon refrigerant falls into Class 3, with heats of combustion nearing 50 MJ/kg. Ammonia is a Class 2 refrigerant. Some refrigerants exhibit high pressures. For example, systems using carbon dioxide can have pressures as high as9,000 kilopascals (kPa).

The reliability of a refrigeration system depends to a large extent on the chemical stability of the refrigerant and its compatibility with the various system  components and the compressor lubricant. The refrigerant should not decompose under the temperatures and pressures experienced in the system. It also should not dissolve, smell, or embrittle the elastomers and plastics used in the valve seals and motor components.

The refrigerant should be reasonably miscible at all temperatures with the lubricant used. Good miscibility of the refrigerant with the lubricant is considered important in ensuring proper return of the lubricant to the compressor where it

 belongs.

