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INTRODUCTION

Presently, due to the decrease in the number of renewable sources of fossil
fuel, the demand for alternative energy sources is growing.

From 1990 to 2020, the energy intensity of the Ukrainian gross domestic
product (GDP) decreased by more than 43.5%, but it is still 2-3 times higher
than the corresponding figure in the EU countries. Ukraine has one of the most
energy-intensive economies in the world: the production of one unit of GDP
requires 3-5 times more energy than the same in Eastern European countries. In
particular, according to statistical reports of the International Energy Agency
and state statistics authorities, the energy intensity of the Ukrainian GDP
equaled to 0.4 toe per 1 US dollar. At the same time, in other countries this
figure is as follows: Denmark and Japan — 0.11; Great Britain — 0.14; Germany
and France — 0.18; USA - 0.21; Russia — 0.47 kgoe per 1 US dollar [1].

Refrigeration of the body to temperatures below ambient temperatures plays
an important role in many manufacturing industries. Artificial cold is mainly
obtained using refrigerators. Due to the energy consumption, these machines
transfer heat from the cooled body with a low temperature to surroundings with
higher temperatures.

To minimize energy consumption to produce artificial cold, it is necessary not
only to select the design parameters of the refrigeration machine or the
refrigeration plant correctly but also to provide optimum modes of their operation.
For this purpose, it is needed to identify physical principles to obtain the low-
temperature mode and characteristics of operating cycles of refrigeration machines,
be able to assess the influence of various factors on the energy efficiency of these

machines.
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Heating plants are designed in three stages: project specification formulation,
technical project development, execution of engineering drawings.

The project specification includes input material for the design and project
requirements: technical, economic, and ecological. In terms of technical
requirements, the facility must fully comply with the process technology; as for the
economic requirements, the facility should be constructed with low labor costs and
minimum production costs. Additionally, the plant must be free from harmful
emissions.

The technical project solves the issues specified in the project specification,
namely:

- Schematic diagrams of the technological process, basic initial process, and energy
parameters;

- General view drawings of main process units and auxiliary equipment;

- Energy, water, air, and gas supply schemes;

- Specification for the serial and standard auxiliary equipment;

- List of specific requirements for occupational safety, fire safety, and other types
of protection.

The main and auxiliary equipment, control, and automatic control devices are

ordered based on the technical project.
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Section 1. PROCESSES OF PRODUCING LOW TEMPERATURES,
COOLING METHODS.

1.1. Processes of producing low temperatures.

Refrigeration (cooling) is the process of reducing body temperature. For the
refrigeration two bodies are required: the body to be cooled and the cooling body
to be a source of low temperature. Refrigeration continues as long as heat
exchange takes place between the bodies. The low-temperature source must
operate without interruption. This can be achieved with a sufficient supply of the
coolant or through the continuous restoration of its initial state. The latter option is
widely used in refrigeration equipment with various refrigeration machines.

There are natural and artificial methods of cooling. In case of natural cooling,
heat passes from the warmer body to the less heated body (medium). Artificial
cooling involves the production of the temperature of the cooled body that is below
the ambient temperature. Low temperatures are obtained with physical processes
that provide for external heat absorption without increasing the body temperature.

The basic physical processes, which provide for the heat absorption, include
phase transformations: melting or liquefaction when the body transits from the
solid to the liquid state; evaporation or boiling when the body transits from the
liquid to the gaseous state; sublimation or distillation when the body transits from
the solid directly to the gaseous state.

In the course of liquefaction or melting, evaporation or boiling, sublimation or
distillation, phase transition of substances occurs at appropriate temperatures and

pressure with the absorption of a significant amount of heat.

Page

ANT_HT 17NAR kKD

Rev.

Page Doc. No. Signat. | Date




To obtain a low-temperature mode (at least 0 °C), ice may be used that melts at
0 °C and has a relatively high specific heat value of 335 kJ/kg under atmospheric
pressure. If the pressure is below the atmospheric one, the ice sublimation occurs at
temperatures below 0 °C, which is used in freeze-drying.

Lower temperatures can be achieved by mixing ice with some salts, such as
calcium chloride.
Production of low temperatures with the help of the boiling process is a more
common method. With one substance, it is possible to achieve a defined
temperature range, as the temperature of its boiling depends on the pressure: with
decreasing pressure, the boiling temperature decreases, and vice versa. Using
various substances, it is possible to obtain low temperatures in a wide range. The
process of evaporation is used, for example, to reduce the temperature of the water

or wet surfaces.

1.2. Refrigeration methods.

To obtain cold, machine and machineless methods of refrigeration are used.
Machineless methods of refrigeration are based on melting, evaporation, and
sublimation.

In machineless methods of refrigeration, ready-made refrigerants (water, eutectic
or dry ice, liquefied gases, air) are used. The plants that use ready-made
refrigerants are simple and, therefore, the most affordable units; nevertheless, they
have significant disadvantages: complete dependency on possibilities of and
conditions for obtaining refrigerants; the large amount of activities associated with

refrigerant charging and hygiene maintenance in refrigerated rooms.
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The disadvantages inherent to machineless methods of refrigeration are absent in
machine methods when energy (mechanical, thermal, electrical) comes from
outside. According to the type of energy consumed, refrigeration machines are
divided into compression, heat energized and thermoelectric machines.
Compression machines use mechanical energy; heat energized machines operate
with heat energy from heat sources whose temperature is higher than the

environment; thermoelectric machines use electrical energy.

1.3. General characteristics of refrigeration machines.

Thermal machines designed to reduce and constantly maintain the
temperature below the ambient temperature are called refrigeration machines. The
refrigeration machine together with a refrigeration chamber (object of
refrigeration) is called a refrigeration plant.

Depending on the temperature to be achieved during refrigeration, the refrigeration
machines are as follows:

1) Moderate cold machines; the covered temperature range is up to -120 °C;

2) Deep cold machines; the covered temperature range is up to -200 °C; they are
mainly used for the liquefaction of gases.

Refrigeration machines perform a combination of processes that reproduce heat
from a low temperature and transfer it to a higher temperature medium. According
to the second law of thermodynamics, the heat transfer from a colder to a warmer
body is only possible with a compensating process. By the nature of this process,
refrigeration machines can be divided into two groups. The first group consists of
compression refrigeration machines in which compensation occurs due to

mechanical work from an external source.
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The second group consists of vapor-ejection and absorption refrigerators in
which the compensation process is the heat transfer from any source of heat to
surroundings. In vapor-gjection and absorption refrigerators, unlike compression
machines, energy is consumed in the form of heat rather than in the form of work.

Depending on the working fluid (refrigerant), compression refrigerators are
divided into air (gas) machines and vapor machines. In the latter, vapors of various

easily boiling liquids are used as a refrigerant.
1.4. Cycles of refrigeration machines.
The schematic diagram of a single-stage vapor-compression refrigeration

machine is in Figure 1. Figure 2 shows the T-s diagram of changes in the

refrigerant state in the operating cycle of the machine.

|
Q2 E:

Figure 1. Schematic diagram of a vapor-compression refrigeration machine
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Compressor C sucks dry saturated vapor of the refrigerant at low pressure P;
(point 1 in the diagram) and adiabatically compresses it to pressure P, (process 1—
2). At the end of adiabatic compression (point 2) overheated vapor is obtained, the
temperature of which is higher than the ambient temperature Tam. The compression
process in the compressor consumes mechanical work L.

In a real-life environment, the compression process is irreversible, so the
entropy of the refrigerant increases during the process. The irreversible adiabatic
process is not isentropic. Since in irreversible processes for the intermediate state
of the system the state parameters cannot be uniquely defined, the process line 1-2
Is shown with a conditional dotted line in the diagram.

If the irreversibility of the actual compression process is ignored, and if such
process is considered to be the reversible adiabatic process, then the entropy will
not change in the process. In Figure 2, the reversible adiabatic process of the
refrigerant compression is shown with lines 1-2o. From the compressor, the
overheated vapor enters the condenser (CD) in which, with the constant
pressure P2, due to the heat removal to the environment Qg, it begins to cool to
saturation temperatures Tsz, which corresponds to the feeding pressure P2, and goes
to the dry saturated state (point 3), and then it is completely condensed at that

temperature (process 3-4).

N

Figure 2. The cycle of vapor-compression refrigeration machine in T-s diagram
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After condensation, the liquid refrigerant undergoes a throttling process in
the throttle valve T (process 4-5). In this case, some part of the liquid is converted
into vapor. In the throttling process, the pressure decreases to Pi, and the
temperature changes from T, to Ts;. On the T-s diagram, the throttling process, as
irreversible, is conditionally shown with a dotted line on the curve i=const. The
pressure for the throttle valve P; (the lower pressure of the cycle) is selected so that
the saturation temperature Ts; corresponding to the pressure is lower (by 5 ...
10 °C) than the temperature to be maintained in the refrigerated object, for example
in the refrigeration chamber RC. The humid vapor formed during throttling
(point 5) enters the evaporator E where, due to the thermal energy Q. supplied
from the refrigerated object, the liquid phase of the refrigerant converts to the state
of dry saturated vapor (line 5-1). The pressure P; and temperature Ts; remain
unchanged during vapor formation. The dry saturated vapor at the evaporator
outlet is absorbed by the compressor, and the cycle repeats.

The design mode of the refrigeration machine is characterized by

temperatures of:
— Boiling - t, — depends on operating conditions;
— Condensation - t. - depends on the temperature and amount of water or air
supplied:
— For water-cooled plants:
t=t,+(2+4), (1.1)

Where t,, - the temperature at which water exits the condenser, °C;
— For air-cooled plants:
t. =t, +10, (1.2)
Where t, —the design ambient air temperature, °C;
— Suction (vapor at compressor inlet) -t .:

t .=t +(10+15). (1.3)
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— Refrigerant supercooling in front of the regulating valve - t :
t =t,+(1+2), (1.4)

Where t,, - the temperature at which water is supplied to the condenser, °C.

The efficiency of the refrigeration machine operation is evaluated by the
refrigerating factor and refrigeration capacity, which depend on the type and
design of the plant, the type and characteristics of the refrigerant, the compressor
design, and operating conditions. The operating conditions of the refrigeration
machine include the boiling point of the refrigerant in the evaporator, the
condensation temperature of compressed refrigerant vapors in the condenser, and
the supercooling temperature of the liquid refrigerant.

The higher the boiling point, the lower the vapor condensation temperature
and the supercooling temperature, the higher the refrigeration capacity of the
plants. However, all these changes must be made within reasonable limits. For
example, reducing the boiling point of the refrigerant in the compressor from -15
to -30 °C does not increase but reduces its refrigeration capacity by 2 times. It is
explained by the fact that the decrease in the boiling temperature leads to the
decreased boiling pressure and specific gravity of vapors entering the compressor.

As a result, the compressor performance decreases.

1.5. Refrigerants.

Any thermodynamic process or cycle is performed with the use of a
refrigerant (medium).

With a normal atmospheric pressure of 0.1 MPa, the refrigerant must have a
sufficiently low boiling temperature to prevent vacuum formation in the evaporator
during the refrigeration machine operation. For example, for ammonia NHs, the
boiling temperature is 33.4 °C with the pressure of 0.1 MPa.

The main refrigerants are water, ammonia, freons, and air.
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Water is used mainly in air conditioning plants, where the temperature of the heat-
bearing agent is usually above 0°C. Water is used as a refrigerant in plants of
absorption and ejection types.

Vapors of the substances that at the pressure close to the atmospheric pressure
have a low boiling temperature are used as refrigerants in vapor-compression
refrigeration machines. Many requirements are applied to refrigerants:
o Saturation pressure of the refrigerant is higher than the atmospheric one at
the lowest temperatures in the cycle (in the evaporator). Thus, ingress of the
surrounding air into the evaporator is excluded;
o With the highest temperatures in the cycle (in the condenser), the saturation
pressure is not high for the reduction of the plant weight;
o It is desirable for the refrigerant to have the highest value of the
vaporization heat. Under other equivalent conditions, the increase in the
vaporization heat of the refrigerant reduces its mass that circulates in the cooling
machine;
o It is desirable to have a refrigerant with a low-density value in both liquid
and vaporized state, as the density increase results in increased energy
consumption for its circulation;
o Refrigerants are non-toxic, fire- and explosion-safe;
o The refrigerant is chemically inert in relation to structural and lubricant
materials of the machine;
o The refrigerant is economically affordable.

Fluorochlorohydrocarbons — freons and ammonia — are now widely used in

vapor- compression refrigeration machines.
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Ammonia_(NHas): vaporization heat — 33.3kJ/kg, t ,..=-334°C at

boiling —

atmospheric pressure; a mixture of ammonia and air burns at the ammonia volume
fraction of 11-14%, and explodes at 16-27%. It decomposes at the
temperaturet =260°C. The global warming potential (GWP) is 0, the ozone
depletion potential (ODP) is 0. Ammonia is a toxic gas with a sharp suffocating
odor, but it is notable for its low cost.

Refrigerants (freons) are chemically inert, low explosive or explosion-proof.
Refrigerants are halogen derivatives of saturated hydrocarbons that are produced
by means of replacing hydrogen atoms in saturated hydrocarbon C,H2, + 2 with
atoms of fluorine, chlorine, bromine (CnHy, Fy, C1,, Bry). The number of molecules
of individual components included in chemical compounds of freons, are
associated with the dependence x + y + z + u= 2n +2. Any refrigerant is denoted
with the symbols RN, where R is a symbol indicating the type of a refrigerant, N is
the number of the freon.

For refrigerants, the number is deciphered as follows. The first digit in a two-digit
number or the first two digits in a three-digit number denote saturated hydrocarbon
CnH2n + 2, on the basis of which the refrigerant is obtained: 1 — CH4 (methane); 11
— CyHs (ethane); 21 — C3Hs (propane); 31 — CsHio (butane). On the right the
number of fluorine atoms in the refrigerant is indicated: CFC13 - R11, CF2C12 -
R12, C3F4C14 - R214, CC14 - R10. If the refrigerant has vacant atoms of
hydrogen, their number is added to the number of tens of the number: CHFC12 -
R21, CHF2C1 - R22. If the hydrogen includes bromine atoms, after the main
number the letter B is written, followed by the number of bromine atoms: CF2Br2
- R12B2.

Azeotropic mixtures consisting of two refrigerating agents can be used as
mediums. For example, an azeotropic mixture consisting of 48.8% R22 by weight
and 51.2% R115 (C2F5CI) is called refrigerant R502, its boiling point at the
pressure of 0.1 MPa is 45.6 °C.
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Names of components and their mass fractions are used in designations for
mixtures of refrigerating agents. Refrigerant R502 may be designated as
R22 / R115 (48.8 / 51.2). Numbers, starting with 500, conventionally indicate the
azeotropic mixtures whose percentage composition remains almost unchanged in
the process of boiling and condensation.

Refrigerating agents of inorganic origin (ammonia, water) are assigned
numbers equal to their molecular mass increased by 700. Thus, ammonia and water
are designated by R717 and R718, respectively.

The refrigerating agent must have particular thermophysical, physical and
chemical properties, on which the refrigeration machine design and energy
consumption depend.

Thermophysical properties include viscosity p, thermal conductivity A,
density p, and others. They, like the vaporization heat r, affect the heat transfer
coefficient during boiling and condensation. High values of A, p, r and low values
of viscosity correspond to high values of heat transfer coefficients.

The hydraulic resistance during the circulation of the refrigerating agent in
the system is affected by p and p: the higher their value, the higher resistance. The
amount of the refrigerating agent circulating in the system decreases with the
increase in the vaporization heat.

Physical and chemical properties include the solubility of refrigerating agents in
lubricating oils and water, inertness to metals, explosiveness, and flammability.
With the limited solubility of refrigerating agents in the liquid phase of the
mixture, two layers are observed: the oil dominates in one layer, and the
refrigerating agent dominates in the other layer. The refrigerating agents with
limited solubility include ammonia R717, carbon dioxide R44, and refrigerants
R13, R14, R115 with limited solubility.

Refrigerating agents with unlimited solubility include R11, R12, R21, and R40. In
this case, it is necessary to maintain a lower boiling pressure for the refrigerant and

oil mixture, so extra work is spent for vapor compression.
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When selecting a refrigerating agent, the range of its operating temperatures
plays an important role. With temperatures that are above the critical point, freon
cannot be used.

Freons are lighter than air and have high stability. When leaking from
refrigeration units, they rise into the upper atmosphere to the height of 15-50 km
and decompose there under the action of ultraviolet radiation. Atomic chlorine is
notable for its interaction with ozone. In 1987, the main countries producing freons
adopted the Montreal Protocol, which divided the freons into the following groups:

l. Particularly ozone-depleting (R11; R12; R113; R114; R115); the
production of such freons is planned to be reduced;

Il.  Ozone-depleting (R12B1; R13B1; R114B2);

I1l.  Environmentally friendly freons (R142, R134, R123, etc.).

According to the degree of ozone-depleting activity of the ozone layer of the

Earth, halogen derivatives of hydrocarbons are divided into 3 groups (Table 1).

Table 1
Freon classification according to the ozone depletion degree
Group Characteristic Freons
Chlorofluorocarbons High ozone- K11b K12b K13b K113b K114b
(CFC) depleting K115b K500b K502b K503b K1211b
activity K13I1
Hydrochlorofluorocarbons Low ozone- R21, R22, R141b, R142b, R123, R12
(HCFC) depleting
activity
Hydrofluorocarbons R134, R134a, R152a, R143a, R125,
(HFC), fluorocarbons Ozone-safe R32, R23, R218, R116, RC318,
(FC), hydrocarbons (HC) R290, R600, R600a, R717 and others
Page
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The disadvantage of ozone-safe freons is their high cost (for example, the cost of a
kilogram of R22 freon is UAH 406.0, R410A — UAH 320.0, R407C -
UAH 350.0), higher operating pressures (16, 26, and 18 bar, respectively), the need
to use highly hygroscopic polyester oils instead of mineral oils for lubrication.
Most ozone-safe freons are a mixture of two or three components. Therefore they
are characterized by no isotropy; it means that in case of depressurization lighter
components evaporate in the first instance, and the freon structure and properties
change. Therefore, even in case of minor leakage, the entire refrigerating agent

should be completely drained and replaced with a new one.

1.6. Compressors of refrigeration machines.

Piston compressors are classified according to their refrigeration capacity,
type of the refrigerating agent, field of application, crank mechanism design, shell
structure, arrangement of cylinders and the direction of vapor movement in them,
number of compression stages, degree of leakage, and some other features.

In terms of refrigeration capacity, piston compressors are divided into small
(Qx up to 12 kW), medium (Qx 12-120 kW), and large (Qx over 120 kW).

According to the type of the refrigerating agent, there are ammonia,
refrigerant (freon) and universal compressors.

Depending on the field of application, compressors are divided into
stationary, gas pumping, filling, mobile, refrigeration and drying ones.

According to the crank mechanism design, there are open-crankcase
compressors or slider compressors (double acting), and closed-crankcase
compressors (single acting).

According to the number of compression stages, there are single- and
multistage compressors. According to the leakage degree and the number of

connectors, compressors are divided into:
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- Hermetically sealed compressors with an integrated electric motor in a sealed
casing without connectors;

- Semi-hermetic compressors with an integrated electric motor, connectors, and
removable covers;

- Open-type compressors, where the drive shaft is sealed using a gland;

- Single-acting compressors, where the vapor is compressed by one side of the
piston;

- Double-acting compressors, where both piston sides are working sides.

To lubricate cylinders and the movement mechanism in ammonia

compressors, HA, HA-30, HS-40 oils are used; HF-12-16, HF-22-24, HF-22¢ oils
are used in compressors with refrigerants.
When marking unified piston compressors, the following designations are used: P -
piston, F — refrigerant (freon), A —ammonia, V — vertical, V — V-shaped, W — fan-
shaped, S — semi-hermetic, H — hermetic, O — opposite. Numbers following letters
indicate the refrigeration capacity (kW).

Suction and discharge valves perform a function of distribution in the
compressor. Refrigerant vapors are sucked from the suction piping into the
compressor cylinder through the suction valves, and the compressed vapors are
expelled into the discharge piping through the discharge valves. Piston
refrigeration compressors have automatic valves, i.e. they open and close under the

action of the pressure difference on both sides.

11.7. Heat exchange equipment of refrigeration machines.

1.7.1. Condensers.

There are condensers of the following types: horizontal shell-and-tube condensers,
upward shell-and-tube condensers, shell-and-coil, evaporating, and air-cooled

condensers.
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Horizontal shell-and-tube condensers are used in ammonia and refrigerant
refrigeration plants. They have a cylindrical steel casing where straight pipes (steel
or copper) are placed horizontally with their ends being flared in tube sheets.
Cooling water passes through these pipes under pressure. The safety valve, the
refrigerant level indicator, the valve to release air from intertubular space are
installed on the condenser. Vapors of the refrigerating agent condense in the
intertubular space on the outer surface of the pipes. Such condensers usually
operate with water cooling devices.

Upward shell-and-tube condensers are used in large ammonia refrigeration
plants. Their main disadvantage is the difficulty of the uniform distribution of
water in pipes.

Shell-and-coil condensers differ from the horizontal shell-and-tube ones by
the absence of a second tube sheet; the shell of the condenser is made in the form
of a horizontally located glass, inside which the water tubes are connected in pairs.

Evaporating condensers are used at food production facilities. There, the
heat from the refrigerating agent is transferred through the pipe wall to the water
that flows as a thin film along the outer surface of the pipes, and then to the air by
evaporation of some part of the water. The condenser has a closed casing. A water
tank is located under the condenser, where the water flows by gravity. From the
water tank, the circulating water is again pumped into the water collector
(irrigation system). The airflow is supplied from above by the fan, which increases
the water evaporation and serves as a heat receiver for water vapor. This type of
condenser is efficient in dry and hot climates.

Air-cooled condensers are widely used in units that service refrigeration
plants. Their use allows reducing water consumption and construction costs for the

devices to cool circulating water.
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1.7.2. Evaporators.

Evaporators are heat exchangers designed to cool an intermediate cooling
agent by heat exchange with a boiling refrigerant.
In terms of their design, shell-and-tube and shell-and-coil evaporators are similar
to horizontal shell-and-tube and shell-and-coil condensers. The cooling agent
circulates in pipes, and the refrigerant boils in the intertubular space of the
evaporator. Evaporators are manufactured with the closed and open circulation of
the cooling fluid.
Evaporators with closed circulation are made with the shell-and-tube design. The
cooling fluid flows in them under the pressure created by the pump. In evaporators
with open circulation, the pipes through which the boiling refrigerant flows are
immersed in the cooling fluid.
Evaporators with open circulation have the panel construction. The fluid in them is
mixed with an agitating apparatus. The panel evaporator is manufactured in the
form of a rectangular tank in which boiling sections of the panel type are placed.
Panel evaporators are supplied with liquid separators. When using ice water as a
cooling agent, panel evaporators can be used as an evaporator-and-accumulator

unit to smooth irregularities of the thermal load.
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Po3aia 2. TEPMOJUHAMIYHHUM PO3PAXYHOK ITUKJTY
KOMITPECOPHOI XOJIOJINJIbHOI YCTAHOBKH
2.1. BuxinHi 1aHi Jjisl pO3paxyHKy
BuxigHi nani a1 po3paxyHKy:
+  X0J010IpOIyKTHBHICTE X0NOAMILHOT ycTaHoBKH Qy=2,5 kBT; °C
* BHU/J XOJIOJOAreHTY KOMIIPECOPHOI XOJIOAUIBHOI YCTAHOBKU:
- (¢peon R22:
MOJIEKYJIsipHa Maca I/mMoib 86,468
Temneparypa muasnenns, °C -157,4
Temneparypa kumninnas, °C -40,85
KpUTHYHA Temreparypa, °C 96,13
kputnuHui Tuck, Mlla 4,986
KPUTHUYHA MUTBHICTB, xkr/m® 512,8
Knac neb6esneku A1 ASHRAE, npucBoenuit ¢peony R22, roBoputs mpo Te,
IO 11 PEYOBWHA HE BUJIUISE TOKCHHIB 1 HE MOXXE NMPHUBECTH JI0 BUHUKHCHHS
BUOYXY.
O3oHoBHiII map cTpaxkaae Big Gppeony R22 nabararo menie, HK Bij 0araTbox
iHImMX xononoareHTiB. Hampuknazn, gpeon R12 pyitnye iioro Ha 94,5% Ouibiie,
HIX (peon R22;
- (peon R404A:
MOJIEKYJIsIpHa Maca, T / MoJsib 97,6
Temneparypa kuninns, °C -46,7
KpUTHYHA Temreparypa, °C 72,7
kputuuHuii Tuck, Mlla 3,735
KpUTHYHA IIIIBHICTh, KI/M° 485,1
Xonogoarent R404a € 6e30apBHOIO PEUOBHHOIO, KOTpUMl mepeOyBae B PiIKo
no/ioHOMYy arperaTHOoMy cTaHi a0o y BuUTIANl Ta3y Oe3 3amaxy. BiH
HETOKCUYHHM, HE PO3UYHMHSIETHCS y BOMI, aje CXWIbHHUNA JO Jii OpraHiYHHX
PO3YHNHHHKIB.
X7ag0H B Ta30M0A10HOMY 1 PIIKOMY arperaTHOMY CTaH1 BITHOCUTHCS JI0 KJacy
(rpymi Oesmekun) Al/Al. MiHiManbHO BIUIMBAE HA TJIOOATBHE TMOTEILIIHHS.
30epeKeHHS] 030HOBOTO IIapy 3a0e3MedyeThCs 3aBISKH BiJACYTHOCTI B CKJIaidi
xsopy. 'paHn9gHO JOMyCcTHMA CTYIIHD BIUIMBY Ha O30HOBHUH IIap CTAaHOBUTH |
THUC. YaCTHHA HA MIJTBHOH.
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- (peon R717:

MoJIsipHa Maca, r/moib 17,03

Temneparypa miasienns, °C -77,73

Temneparypa kuminnas, °C -33,34

KpMTHYHA Temreparypa, °C 132,25

IUTEHICTH IPM HOPMAIBLHUX yMOBax, kr/m® 0,6942

I'JIK B nosiTpi 0,02 mMr/am3, o Bixnosigae 06'emniii yactui 0,0028%.

R717 - ra3 3 pi3KUM 3aJyLUIMBUM 3alaxoM, MIKUIMBUH [JIs OpraHizsMmy
JTHOUHU.

MinepasibHil Macia amiak Maixke He po3uuHse. Ha dopHi meTanu, anoMiHIf 1
docdopucty OpoH3y HE i€, IPOTE B MPHUCYTHOCTI BOJOTU PYHHY€E KOJIBOPOBI
Metanu (IMHK, M1b 1 i1 CIIIaBH).

Jlo/laTKOB1 CKJIAHOINII MPU CTBOPEHHI XOJIOAMJIBHOTO O0JIaJHAHHS BHUKIMKAE
BUCOKAa AaKTHUBHICTh aMmiaKy CTOCOBHO MiJl 1 MIAHMX CIUIaBIB, TOMY
TpyOONPOBOAH, TEIJIOOOMIHHUKH 1 apMaTypy BUKOHYIOTb 31 CTAJII.

*  PO3PaXyHKOBUHN PEXKHUM KOMIPECOPHUX XOJOAMIBHUX YCTAHOBKHU:

— KHUIIHHA XOJIOJ0AreHTy — t, — 3aJeXHUTh Bl YMOB poOOTH Ta MPHUINMAETHCS

Ha 3+5 °C Hmxue 3a cepeHIO TeMIlepaTypy X0J100areHTy B BUIIAPOBYBayi;
— KOHJAEHcallli — t - 3aJeXUTh BIA TMOBITPS, IO MOJAETHCSA, Ta CHOCOOY

OXOJIO>KECHHS:
t =t +10, (2.1)
Jie t, — po3paxyHKOBa TEMIIEpaTypa 30BHIIHLOrO nosirps, °C;
— YCMOKTYBaHHS (TIapa Ha BXOJ1 B KOMIIpecop) — t,

t =t +(10+15). (2.2)
— MEPEOXOJIOJKCHHS X0JIO40arcHTy nepea peryjaoo4uM BEHTHIEM — .
tn:twl+(1+2)l (2'3)

e t,, — TeMIeparypa, 3 IKOI BoJa II0JaeThes B Konaencatop, °C.

2.2 Po3paxyHOK MapoOKOMIIPECOPHOT XOJIOAUIBHOT YCTAHOBKH

Po3paxyHOK MapoKOMMIpPECOpHOi XOJOAMIBHOI yCTAaHOBKM BiTOYBAa€ThCs 3a
noromororo  IgP-i-miarpamu (quB. pucyHok 3, 5, 7) Ta mossrae y BH3HAYCHHI
OCHOBHUX MapameTpiB poOOTH:

ApPK.

ANT_HT 17NAR kKD

3MH.

ApK. Ne dokym. Midnuc \dama

23




\
>
N
C
\'
~
N
S
n
A
N
O

Puc. 3 1gP-i-niarpama miis ppeon R22




¢ppeon R22
* EHTaJIbIIi pOOOYMX TOUOK, KJ[3K/KT:

i, =395, il =405, i, =420, i, =185, ij = i, = 180;
* UTOMOTO 00’eMy B TOUIll 1/, 110 XapakTepusye mapaMeTpy XOJIOJOareHTa Ha
BXO/I1 B KOMIIPECOpP TEIJIOBOTO HAacoca, n1’ = 0,11, m3/kr;
* BHU3HAYAEMO TUCKH, BIAMOBIIHO, IPU SIKUX B1IOYBaOTHCS MPOLIECH KOHACHCAIIT
P_=3,8 0ap ta BunaposyBanHs P, = 2,2 Gap.

1. BuzHayaemMo nuTomMy XOJIOAONPOAYKTUBHICTb, KJMK/KT,

q,=I,-1,=395 — 180 = 215. (2.4)
2. O6UHCIIIOEMO TUTOMY POOOTY CTUCHEHHS, KJ[>K/KT,

|,=1,-1{ =420 — 405 = 15. (2.5)
3. BuzHauaemMo nMuToOMe TEIUIOBE HABAHTAXKCHHS KOHJIeHcaTopa, KJK/Kr,

9,=1,-1,= 420 — 185 = 235. (2.6)
4. Po3paxoByeMO TUTOME TEILIOBE HABAHTAXKEHHS MEPEOXO0NIOHKyBaya, KJ[»K/Kr,

9,.=I,-1,)= 185 — 180 = 5. (2.7)
5. BusHauaemo MacoBy BUTpATy X0J0J0areHTa, Kr/c,

m:%:;—ézo,on. (2.8)

. TUYHO HEOOXIIH MHA OPOJAYKTUBHICTH, M
6. Teope 0 HeoOXi1IHa 00’ €MHa MPOAYK ictp, M3/c,

_M,-v, 0011011

Vv, =0,00126, (2.9)
A 0,962

1€ Vv, — pO3paxyHKOBHM MUTOMHM 00’ €M XOJIO0AareHTy IpU BXO/I1 B KOMIIPECOP,
M/KT;
A — 00’eMHHI KOSPIIIEHT MPOTYKTUBHOCTI.

O6’emuaMit  KOe(DIIIEHT TPOMYKTUBHOCTI JUIsi OyNIb-KO1 CTYNEHI CTHUCHEHHS

3aJIeKUTH BiJ] MIKIJJTMBOTO MPOCTOPY, BITHOMIEHHS TUCKIB 1 MOKa3HUKA afiabaTu

1

A=1—a-(er —1)=0,962. (2.10)
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[Mpuiimaemo a =0,08 (BiZHOCHW NIKIATUBUIA MIPOCTIp IS EPIIOT CTYIICH1).
BuOuparoun kommpecop, OpIeHTYIOThCS Ha Te, 1100 AliicHa 00’ eMHa
MPOAYKTUBHICTH oro Oyna Ha 30 % Ouiblia 32 TEOPETUYHO HEOOXITHY.

Jlist mpoBeIeHUX PO3PaxyHKIB MiA0UPAEMO KOMIIPECOP MapKu

Remeza Cb4/C-24.0LD10 3 npoaykTuHicTio 105 11/XB., TUCKOM 8 aTM,

notyxHicTio 0,75 kBT (quB. puc. 4):

Puc. 4 Komnpecop mapku Remeza Cb4/C-24.0LD10

7. BuzHauaeMo JiliCHI MaCOBI BUTPATH XOJI0JI0AareHTY, KI/C,

M= A-V, _0,962-0,00175 _ 0,0153. (2.11)
v 0,11

8. JlificHa X0JIOHOTPOYKTUBHICTh XOJIOIUIBHOT MalllnHu, KBT,

Q,=M_ -q, =0,0153-215=33. (2.12)
9. [MoTy>kHiCTh IPUBOIA KOMIIPECOPA:
1) aniabaTHa MOTYXHICTh CTUCHEHHSI, KBT:

N =M_ -1 =0,0153-15=0,23; (2.13)

Ty
2) 1HIWKAaTOpHA MOTYXXHICTh, KBT:

N.=N_ /5,=0,23/0,75=0,306; (2.14)
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3) edexTrBHA MOTYXHICTH, KBT:

N,=N,/n

mex

=0,306/0,9=0,34;

4) enexTpUYHA MOTYXHICTh, KBT:
N,=N,/n,,=0,34/0,9=0,38;

IMpuitaatu: n,=0,75; n,.=0,9; n, =09.

11. Bu3HauyaeMo TeruioBUiA MOTIK Ha KOHJEHCAaTop, KBT,

Q,=Q,,,*N,,=3,3 + 0,306 = 3,606.

12. XonoauabHuil Koeii€eHT:

= Q. 25

®peon R404A
* EHTaJbIIi pOOOUNX TOYOK, KJ[K/KT:

i, =350, il =365, i, =375, i, =175, ij = i, = 170;

(2.15)

(2.16)

(2.17)

(2.18)

* ImUTOMOro 00’eMy B Toulll 1/, 0 XapakTepusye mapaMeTpu XOJOJI0areHTy Ha

. I _
BXOJI1 B KOMIIpECOp TeIuIoBoro Hacoca, N, = 0,187, M/KT;

* BHU3HAYAEMO THUCKH, BIAMOBIIHO, IPH SKUX BiIOYBarOTHCS MPOILECH KOHACHCAIlIT

P_=4,0 6ap ta BunapoByBanus P, = 2,2 Gap.

1. BuzHagaemMo muTOMY XOJIOJOTPOIYKTHBHICTH, KJIX/KT,

q,=I,-1,=350 — 170 = 180.
2. O0UHCITIFOEMO TTUTOMY POOOTY CTUCHEHHS, KJ[K/KT,

|,=1,-1{ =375 - 365 = 10.

3. BuzHayaemo nmuTOME TEIUIOBE HAaBaHTAXKCHHS KOHJICHCcaTopa, KJK/KT,

9.=1,-1,= 375 — 170 = 205.

4. Po3paxoByeMO IMUTOME TEIIOBE HAaBAaHTAXKCHHS MIEPEOX0JI0KyBaya, KJK/KT,

9,=I,-1,=175-170 = 5,
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5. BusHauaemMo MacoBy BUTpPATY XOJIOJI0areHTa, Kr/c,

M =2 _-25_0 0138,
180

m

%
6. TeopeTnuHO HEOOXiNHA 06’ €MHA IPOAYKTHBHICTh, M>/C,

Vv :Mm Yy _ 0,0138-0,187

; =0,00271,
P 0,957

1€ Vv, — pO3paxyHKOBHH MUTOMMI 00’ €M XOJIOAOAreHTY IPU BXO1 B KOMIIPECOP,
MY/KT;
A — 00’eMHMI KOEPIIIEHT NPOAYKTUBHOCTI.

O6’emHuil KOE(]IIIEHT TPOMYKTUBHOCTI [JIsi OYyJb-SKOi CTYNEHI CTHUCHEHHS

3aJIeKUTH BIJ] MIKIUTMBOTO MPOCTOPY, BIIHOLIEHHS TUCKIB 1 MOKa3HUKA ajiabaTu

1

A=1—a-(e* —=1)=0,957
[Tpuiimaemo a =0,08 (BimHOCHH MIKIITTUBUM MPOCTIP JJIs TIEPIIOT CTYIICH]).
Bubuparoun koMrpecop, Opi€eHTYIOThCS Ha Te, 100 aiiicHa 00’ eMHa
IPOAYKTUBHICTH Horo O0yina Ha 30 % Ouibliia 3a TEOPETUUHO HEOOXIAHY.
JUJist TpOBEICHUX PO3PaXyHKIB IMiIOMPAEMO KOMIIPECOP MapKH
Remeza Cb4/C-24.0LD20 3 mpoayktuBHicTIO 200 JI/XB., THCKOM 8 aTM,

noTyxHicTio 1,4 kBT

Puc. 6 Komnpecop mapku Remeza Cb4/C-24.0LD20
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7. BuzHauaemo JiiiCH1 MacOB1 BUTPATH XOJOJ0areHTy, Kr/c,

M. - AV, _0957-0,003 0.0153.
v 0,187

8. JlificHa X0JIOAONPOYKTUBHICTh XOJIOAUIIBHOI MalliuHu, KBT,
Q,.=M_ -q,=0,0153-180=2,76.
9. I[loTy>XHICTh PUBOAA KOMIIPECOPA:
1) ajiabaTHa MOTYXXHICTh CTUCHEHHS, KBT:

N,=M,,-1,=0,0153-10=0,158;

2)  IHAMKATOpHA MOTYXHICTh, KBT:
N;=N, /7,=0,158/0,75=0,21,
3)  edekTuBHA MOTYXHICTh, KBT:

N,=N,/n

mex

=0,21-0,9=0,23;
4)  eNeKTpUYHA MOTYXKHICTh, KBT:
N,,=N,/n,,=0,23/0,9=0,26;
[Mpuitaartu: n,=0,75; n,.=0,9; n, =09.

11. BuzHauaeMo TeIIoBUi MOTIK HA KOHJEHCATOp, KBT,
Q.=Q,.,*+N, =2,76 + 0,26 = 3,02.

12. XonoaunpHuii KoeilieHT:

b= Q25 _yoq
N, 023
®peon R717

* CHTaJIbIII] pOOOYNX TOUOK, KJ[3K/KT:

i, =1430, i} = 1450, i, = 1500, i, = 150, i = i, = 103;

* TUTOMOTO 00’€My B ToHIll 1/, M0 XapaKTepu3ye mapaMeTpu XOJIOJO0AreHTy Ha
BXOJIi B KOMITPECOP TEIJIOBOTO HAacoca, n1’ = 0,55, m%/kr;

* BH3HAYA€EMO THCKH, BIATOBIIHO, MPH SKUX BIIOYBAaIOTHCS MPOIIECH KOHJCHCAIlli

P_=2.6 6ap ta BunapoByBanus P, = 2,2 Gap.
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1. BuzHayaemo nuTomMy XOJIOAONPOAYKTUBHICTh, KJX/KT,
q,=I,-1,=1450 — 103 = 1347.

2. O6UHCITIIOEMO TUTOMY POOOTY CTUCHEHHS, KJ[>K/KT,
|,=1,-1{ = 1500 — 1450 = 50.

3. BuzHauaemo nuToMe TEIUIOBE HAaBAaHTAXKEHHS KOHJIeHcaTopa, KJ[K/KT,
g,=1,-1,= 1500 — 150 = 1350.

4. Po3paxoByeMO UTOME TEIIOBE HABAHTAXKEHHS MEPEOX0JIOKyBaya, KJ[/Kr,

9,.=I,-1,= 150 — 103 = 47.

5. Buznauaemo MaCOBY BHUTpATYy XO0JIOJOArc¢HTa, KF/C,

M =225 _qqo1s.
q, 1347

6. TeopeTnyHO HEOOXiHA 00’ €MHA IPOYKTUBHICTB, M>/C,

Vv :Mm Vy 0,0018-0,55

; =0,001,
P 0,986

1€ vV, — PO3paxyHKOBUI MUTOMUN 00’ €M XO0JIO0areHTy IPHU BXOJIi B KOMIIPECOD,
MY/KT;
A — 006’ eMHHI KOeDIIEHT TPOTYKTUBHOCTI.

O6’emHu KOE(]IIIEHT TPOMYKTUBHOCTI [JIs1 OYIb-IKOi CTYINEHI CTHCHCHHS

3QJICKUTH BiJ] IIKIIJTMBOTO MPOCTOPY, BIIHOIICHHS TUCKIB 1 TOKAa3HUKA aj1iadaTu

1

A=1—a-(e* —1)=0,986

[Tpuitmaemo a =0,08 (BimHOCHUI MIKIJIMBUEN IPOCTIP JJISA MEPIIOL CTYTEH]).
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Puc. 7 IgP-i-niarpama mis dpeon R717




Bubuparouu koMmpecop, OpieHTYIOThCSI Ha Te, 00 aiiicHa 00’ eMHa

ICTh Horo 0 30 % 61 oxi
MPOAYKTUBHICTh Horo Oyia Ha o OLTbIIA 32 TEOPETUYHO HEOOXITHY.
Jlist mpoBeeHUX PO3PaXyHKIB M1AOMPAEMO KOMITPECOP MapKU
Remeza Cb4/C-24.0LD10 3 npoaykTuHicTio 105 11/XB., TUCKOM 8 aTM,
noTyxHicTio 0,75 kBT
7. BuzHauaemo JiiiCHI MacOB1 BUTPATH XOJOJ0areHTy, Kr/c,

_ )V, 0,986-0,002
oy 0,55

M =0,0036.

8. JlificHa X0JIOJONPOIYKTUBHICTh XOJIOIUIbHOT MallinHu, KBT,
Q. =M_ -q, =0,0036-1347 = 4,85.
9. IloTyXHiCTh MPUBOJIA KOMITPECOPA:

1) aziabaTHa MTOTYXXHICTh CTUCHEHHS, KBT:

N,=M,, -1 =0,0036-50=0,18;

2)  IHIUKAaTOpHA MOTY)KHICTh, KBT:
N,=N, /5,=0,18/0,75=0,24;
3)  edekTHBHA MOTYKHICTh, KBT:

N,=N,/n

.. =0,24/0,9=0,27;
4)  eleKTpUYHA MOTY)KHICTh, KBT:
N, =N, /5, =0,27/0,9=0,3;
[puitaatu: n,=0,75; n,.=0,9; n, =0,9.

11. BuznauaeMo TeIIOBUH MOTIK HA KOHJSHCATOP, KBT,
Q=Q,,+N, =4,85+ 0,24 =5,09.

12. XonoauabHAN KOSDIieHT:

b= D= 20 g5

N, 0,27

e
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2.2. ITinOip Ta po3paxyHOK OCHOBHUX €JIEMEHTIB
apOKOMIIPECOPHOT XOJIOIUIBbHOT YCTAHOBKHU
2.2.1 Kongencarop

KoHcerpykuii koHaeHcaTopiB Ajid amiaky Ta (pPEoHIB PO3PI3HAIOTHCSH, B
OCHOBHOMY, MarepiajoM Ta XapaKTepoM IOBEpXHI TemiooOMiHy. B amiaunux
BUKOPHUCTOBYIOThCS TPYOU O€31I0BHI 1K1 CTajeBl JilaMeTpoM 25x2,5 M (mio1ma
nosepxHi Temnooominy 10 300 M%) ta 38x3 MM (II0LIa TOBEPXHi TEMIOOOMiHy>
300 m?). B (QpeoHOBHX KOHAEHCATOPAaX 4Yepe3 MOPIBHAHO HM3BKMI KoeQilieHT
TEIUIOB111a41 3 OOKY XOJI0JI0areHTy 3aCTOCOBYIOTh TPYOU 3 KOJIbOPOBUX METANIB, 3
HAKaTKO0 pedep Ha 30BHIIIHIN MOBEPXHI.
[Tnomma noBepxHi KOHAEHcaTopa, M

_ Qe
F o= Quw 2.19
KOHO K At’mm) ( )

KoHO cep

ne Q.- HaBaHTA)XKEHHS KOHJIeHcaTopa, KBT

K

KOHO

— xoedillieHT Teronepeaadi kouaencaropa, Br/(m?-°C);

At — cepenHill TeMIepaTypHuii Hamip B KoHAeHcaTopi, °C,

cep o

DtMAX - DtMIN

In DtMAX
DtMIN

D th-td =

cep

, (2.20)

ne Dt,,,,Dt,,— MakCHUMaJlbHa Ta MiHIMaJdbHa PI3HUAIA TeMIepaTypa Ha

0XOJIOJKEHHs KoHeHcaTopa, °C (nuB. puc. 8).
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KOH

DtMAX tKiH R

noe,

nou
_ v | t.

v

Puc. 8 I'padik nis BU3HaUCHHSI MAaKCUMaJIbHOI Ta MIHIMAJIbHOT PI3HUITI
TEMIIepaTyp Ha OXOJIO/KEHHs KOH/IeHCcaTopa

¢ppeon R22

HapanTaxenns konaeHcaropa: Q. =3,606 kBrT.

KOHO

noy :0 OC;

nos

TemmepaTypa moBiTpst Ha BXO/i B KOHIEHCATOD t
TeMnepaTypa MOBITPs Ha BUXO/Ii 3 KOHJeHcaTopa t = +2 0C;

Temmneparypa HacudeHHs x1agony t = +10 °C;

+10 °C

DtMIN

0
Dtax +2°C v

v

-t=10-0=10 °C;

KOH noe

Dty =t

DtMINX = tKOH - t:;;’;: 10 - 2 = 8 OC;
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KOHO — 10- 8_ 0.
Dt = —5-= 8,96 °C;
In=—
8

xoe(ilieHT Temonepenadi kouaencaropa K, ,= 50 — 200 Br/(m?-°C);

KOHO

3
e 3,606-10° o
50-8,96

[lo  Bu3HaueHid  miomi  MmiAOMpPAaEMO  KOHAEHCATOp  T'OPU3OHTAJIbHUMN
koxyxoTpyouuit mapku KTHP9 (kommencarop TtpyOdacTuit 3 HakaTHUMH
pebpamu) 3 momero 9 M? | 4 xoau

PO3MIpH MITHOI TPYOU:

— BHYTpIlIHIN giaMeTp Uy =10 MM

— JiaMeTp 1o oCHOBI pedep Usos =14 MM

¢ppeon R404A

HapanTaxenns konaencaropa: Q. =3,02 kBr.

KOHO

TeMnepaTypa MoBiTps Ha BX0Ji B kKoHaeHcaTop t"=0 °C;

TeMnepaTypa MOBITPs Ha BUXO/Ii 3 KOHJeHcaTopa t = +2 0C;

TemnepaTypa HacuueHHs xnajgony t = +5°C;

+5°C

[) thﬂlh

0
Dt,ax +2°C v

v
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DtMAX = tKOH- t:;):: 5 - O = 5 OC;
DtMINX = tKOH- t:;;l;: 5 - 2 = 3 OC;
Dt = 22 53= 3,91 °C;
In—=
3

xoedinieHT Temnonepenayi kouaencaropa K, =50 — 200 Bt/(m?-°C);

= % =15,44 m*
[lo  Bu3HaueHid  miomi  MWiAOMpPAEMO  KOHAEHCATOP  TOPU30HTAIBHUI
koxyxoTpyouuit mapku KTHP16 (xommencarop TtpyOdacTuii 3 HaKaTHUMH
pedpamu) 3 miomero 16 M2, 4 xoau

PO3MIpH MITHOI TPYOu:

— BHYTpIIHIN giameTp dpy =10 MM

— JiaMeTp 1o OCHOBI pebep dsos =14 MM

¢ppeon R717

HapanTaxenns konaencaropa: Q. =5,09 kBr.

KOHO
TeMnepaTypa NoBiTps Ha BX0Ji B kKoHaeHcaTop t"=0 °C;
TeMnepaTypa MOBITPs Ha BUXO/Ii 3 KoHJeHcaTopa t = +2 0C;

TemnepaTypa HacuueHHs xnajgony t = +10 °C;

A

+10 °C

0
Dty 2 ¢ -y

v
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DtMAX = tKOH- t:;):: 10 - O = 10 OC;
DtMINX = tKOH - t:;;l;: 10 - 2 = 8 OC;
KOHO — 10' 8 _ 0.
Dt = —5-= 8,96 °C;
In=—
8

Koe(DilleHT Teruionepeaaydl KoHAaeHcaTopa sl aMiayHUX XOJOIUIbHUX YCTaHOBOK
K. =450 Br/(m?-°C);

3
KOHO = 5, 09 10 :ly 26 M2
450-8,96

[lo  Bu3HaueHid  miomi  MiAOUpPAEMO  KOHAEHCATOP  TOPU30HTAIBHUI
koxxyxoTpyonuit mapku KTI'2 (konaencatop TpyO4acTwii TOPU30HTANbHHI) 3

omiero 2 M2, 4 xonu

2.2.2 BunapoByBau

BunapoByBaui - TemiaooOMiHHI amapatd, MNpU3HAYEHI IS OXOJIOJKCHHS
IPOMDKHOTO XOJOJOHOCIS IUIAXOM TEIIOOOMIHY 3 KHUIUISTYUM XOJIOAMJIBHUM
areHToM.
X0I0I0HOCIH HHUPKYIIOE B TpyOaxX, a B MDK TpyOHOMY IPOCTOPI BHUIIApOByBaya
KUIUTH XOJIOAWIBHUN areHT. BUNapHUKU BUTOTORIISAIOTH 13 3aKPUTOIO 1 BIIKPHUTOIO
IUPKYIAIIEI0 0XOJ0KYBAIBHOT PiAMHU. BUNapHUKH 3 3aKPUTOIO IMUPKYISIIEO
BUKOHYIOTBCA KOXKYXOTpyOHi. OX0J0IKyBaHa piJIiHA MPOTIKAE€ B HUX il TUCKOM,
SKUN CTBOPIOE HACOC. Y BUIAPOBYBadYaxX 3 BIAKPHUTOI IUPKYIAIIEI TPyOH, MO
SAKUX MPOTIKA€ KUTUIAYUN XOJOMUIBHUN areHT, 3aHYPIOIOTHCS B OXOJIOKYBaJIbHY
piauHa.

ITnomma noBepxHi BUIAapOByBaya, M2

F = S (2.21)
Ko At

ne Q,, - HABaHTAXXEHHs BUNIapOByBaya, KBT

K, — koe(illieHT Temnonepeaadi Bunaposysaua, Br/(m?- °C);

eun
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Jlnst koxkyxoTpybHOTro BunmapoBysada K, = 20 - 25 Br/(m*-°C).
At™" — cepenHill TeMIepaTypHUii Hamip y Bunaposysadi, °C (IpuiiMaeThcs Ha piBHi

cep

TEMIIEpaTypH KUITIHHA XOJIOA0AareHTa y BUapoByBayl).

¢ppeon R22

HaBanrtaxkeHHs BunapoBysaua: Q,, = 3,3 kBT.
Temneparypa kuminns xonogoarenty t,=-10 °C;

_3,3-10°

= =13,2 m?
" 2510

[lo  Bu3HaueHid  miuomi  MiIOMpPaEMO  BHUMAPOBYBAaY  T'OPU3OHTAIBHUI
Ko)KyxoTpyOHuii mapku BHP18 (BumapoByBau TpyOudacTwii) 3 miomieto Fsos/Fuy
18/5,3 M?, aiaMeTp Kokyxa 325 MM, JOBXKHMHA Koxkyxa 1665 wmwm, 11

TOPU3OHTAIBHUX PSIIB.

¢ppeon R404A

HaBanraxxenns BunapoByBaua: Q,, = 2,76 kBT.
TemnepaTypa KuIiHHA XonofoareHty t =-129C;

3
27610 4, o
25.12

[lo  Bu3HaueHiid  momi  MmMaAOMpaEMO  BHUMApOBYBad  TOPU3OHTATHHUI
KOXKyxoTpyOHHMii Mapku BHP12 (BumapoByBad TpyOudacTHii) 3 IUIOMICHO Fion/Fay
12/3,7 Mm%,  pmiameTp koxkyxa 325 MM, JOBXKHHA Koxyxa 1415 wmm, 9

TOPU3OHTAIBHUX PAJIIB

¢ppeon R717

HaBanraxenns BunapoBysaua: Q,,=4,85 kBr.

Temmneparypa kuminus xonogoarenry t = -10 °C;
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Koe(DILIEHT TeIUIonepeaayl BUapoByBaya sl aMiayHUX XOJIOJUIBHUX YCTAaHOBOK
K,,=430 Bt/(m?:°C);

3
mm:ﬂzjﬂlg, M2

430-10
[lo Bu3HaueHiM mioml MiAOMPAEMO BUIAPOBYBAY 3 KHUIUITYMM XOJIOJ0areHTOM
mapku UTBP5 3 momero po6odoi mosepxHi 5 M?%,  mgiamerp amapata 273 MM,

noxuHa arnapara 1500 mm, 26 xo/1iB.

Pozain 3. AHAJII3 EOEKTUBHOCTI HUKJIIB KOMIIPECOPHOI
XOJOJINJBbHOI YCTAHOBKH

XonogunbHUM KOePIIIEHT € MIpol e(EeKTUBHOCTI IUKIY, OTPUMAaHOi B
pe3yNbTaTi aHalily MUKIy CHEpreTHYHuM MerogoM. Ilel Meron aHamizy
3aCHOBAaHMI Ha TICPIIOMY 3aKOHI TepMOJWHAMikW. BiH Tmossrae B CKIagaHHI
E€HEPreTUYHOro OallaHCy aHalli30BaHOI CHUCTEMH Ta BHU3HAYEHHI BEJIWYMHU
BITHOCHHH KOPUCHOTO €HEepreTHYHOro e(dexTy A0 BUTpaueHoi eHeprii. BimHocHO
710 peaqbHUuX OOCpHEHUX UMKIIB, B SIKUX MPOIECH HE OOEpHEHI, el METOA Mae
Heponiku. [lo-mepiie, BenuYMHA XOJOJUIBLHOTO KOeQilli€eHTa LUKIY JO03BOJISIE
CYIUTH TPO CTYIiHb TEPMOJUHAMIYHOI JOCKOHAJIOCTI I[HOTO IHKIY JIHIIEC B
3icTaBieHHI il 3 BEJIMYMHOK XOJIOJUIBHOTO KoedillieHTa OOEpHEHOI0 IHUKITY
Kapno, sxmii 31iMCHIOETBCS B TOMY K 1HTepBajai Ttemmepatyp. I[lo-mpyre,
pe3yIbTaTH CHEPreTUYHOrO0 aHajizy He BIJOOpa)KaroTh BCI MOXKJIWBI IUISIXH
3MEHIIICHHS CTYIEeHsS HE OOEPHEHOCTI MpOIECiB 1, TUM CaMHM, ITiIBHUIICHHS
€(EeKTUBHOCTI1 IUKITY.

3HauYHO KpamMMH JJIS aHali3y He OOCpPHEHHX  3BOPOTHUX IUKIIB €
EKCepreTMYHU METOJ aHajidy, sSKWii 0a3yeThbCs Ha TOHATTI ekceprii. Meton
CIIUPAETHCA K HA MEPIINH, TaK 1 Ha JPYTHil 3aKOHU TEPMOJMHAMIKU 1 JO3BOJISIE
BPaxOBYBAaTH HE TUTbKH KIJTBKICTh, ajie ¥ SAKICTh €HEprii 3 TOYKU 30py OTPUMAHHS
3a PaXyHOK Hel KOPHUCHOIO poOoTH. MeToa Ja€e MOXJIUBICTh OIIHUTU 3HUKCHHS
SIKOCT1 (JIerpajalliio) eHeprii BHACIIIOK He OOEpPHEHOCTI TMPOTIKAHHS pealbHUX

MIPOIIECIB.
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3.1. Jliarpama noTOKIB €Heprii

Enepretnuynuii Oajlanc B LMKl XOJOAWJIBHOI yCTAaHOBKHU MOJKHa
MPOJEMOHCTPYBATH rpadiuHo, MOOYyAyBaBLIM AlarpaMy MOTOKIB €Heprii (AUB puc.
9). Ha miii miarpami KO)KHOMY IOTOKY €HEprii BiANOBiAae cMyra, IIMPUHA SKOi B
oOpaHoMy MacmTab1 10pIBHIOE BETUYNHI TTOTOKY.

Q1

Lk

_—
Q2

Puc. 9. [liarpama moToKiB eHeprii UKy MapOKOMIIPECOPHOT

XOJIOAUJIBHO1 YCTaAaHOBKH

3aJIe)KHO  Bim  BUAY TEPMOJMHAMIYHOI CHCTEMHM Ta €Heprii, ska
MEPETBOPIOETHCS B POOOTY, PO3PI3HIIOTH €KCEPril0 MOTOKY PEUYOBHUHH, CKCEPrito
TEIJIOTH, €KCEpril0 PEYOBHHU B 3aMKHYTOMY IPOCTOPi, XIMIYHY €KCepriio,
€KCepriro BUIIPOMIHIOBAHHS 1 T. 1.

Jlist  TepMOAMHAMIYHOI aHalli3y XOJOJUIBHUX YCTAaHOBOK BPaXOBYIOTh
exceprito noToky pedoBuHu (Ex, muToMy ekceprito ex) Ta exceprito TeroTd (Exqg,
MUTOMY €KCEPTiI0 €xq).

Exceprisi MOTOKYy PEYOBHH XapaKTePU3YETHCSA MAKCHUMAIBHOIO JOCTYITHOIO
po0OTOr0, 3MIHCHIOIOYN MOTOKOM B OOEPHEHOMY MpOIleCi MEPEeXoay i3 CTaHy 3a
napamerpamu P1, T1 B cTaH 3 mapaMeTpamMu HaBKOJUIIHBOTO cepeAoBUIIA Puc, Thue

Bennunna nuToMoi (A7 OAMHMII MAacOBHX BHTpPAT PO3XOAY) IKCEprii

IIOTOKY PCYOBHUH BU3HAYA€THCA 3a 3aJICKHICTIO!

ex: ZomaX: (il_ iHC)_ T;tc ><(Sl_ SHC)’ (31)
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ne 1,S, - MUTOMI 3HAYEHHS EHTAJBINI Ta EHTPONii PEeYOBHHU B CTaHI 3

napamerpamu P1, Ti;

I,.,S _ - TUTOMI 3HAYEHHS CHTANbBIII Ta EHTPOMII PEUYOBMHH B CTaHI

He' T ue

PIBHOBAaru 3 HaBKOJIMIIHIM CE€PEIOBUILEM
PiBusinns (3.1) BimoOpakae MOMJIIMBUN NUIAX OOEPHEHOTO MEPEX0ly PEYOBUHU 31

crany Pi1, T1 10 craHy HaBKOJMIIHBOIO cepeaoBuiia Pye, Tue 11pU sKOMY

nocsiraetbest 1) @ crmovaTky oOepHeHHH agiabaTHHil Hpolec J0 BHPIBHIOBAHHS

TEMIIEPATypH PEYOBHHH 3 TEMIIEPATYpPOIO0 HABKOJHUIITHHOTO CEPEOBHINA, a MOTIM
obepHeHuil 13oTepmiunuii mporiec npu Tue = const. TlociimoBHICTE JBOX
3a3HAYCHHUX MPOIIECIB JO3BOJISIE YHUKHYTH BTPAT Yepe3 BHYTPILIHIO T4 30BHIIIHIO
HE 00CPHEHICTH, MOB'A3aHUX 3 TETUIOOOMIHOM MPH KIHIEBIH PI3HUII TEMIIEpaTyp.

Skmo mapamMeTpH HABKOJMIITHBOTO CEpEeJIOBUINA 3aJaHl Ta HE3MiHHI, TO
eKCeprisi MOTOKY PEYOBUHU € (PYHKIIIE€I0 CTaHy TepMOAMHaAMi4HOi cuctemwu. [Ipu
[IUX YMOBax 3MiHA €KCeprii MOTOKY PEYOBUHHU B OYIIb-IKOMY T€PMOJUHAMIYHOMY
Ipoleci He 3aJIeKUTh BiJl XapakTepy IbOTO MPOIECY Ta BU3HAYAETHCS PIZHUIICIO
€KCepri€ro B IOYaTKOBOMY 1 KIHIIEBOMY CTaHaX:

De,= (- i,)- T, X(S,- ). (3.2)

Excepris Terotu 3acHOBaHa Ha TOMY, IO 3a PaxyHOK TEIUIOTH (], IO
BIIOMpAEThCSA BiM Tijda 3 TeMmmepaTypor T, mMoxke OyTH oTpuMaHa poOoTa 3a
paxyHOK 3JIICHEHHsSI MPSMOTO IUKIYy. MakcMManbHUN CTYIiHb NEPETBOPEHHS
TEIUIOTH TIpH 3aJaHid TeMmIepaTypl HaBKOJMIIHBOTO CEPEJOBHINA MOXKE OYyTH
JOCSITHYTa B TpsMoMy oOepHeHomy 1ukii KapHo, sikuii 3M1MCHIOETBCA TIPHU
nocTiiHuX TemrepaTtypax T Ta Tye (IKepena TeraoTu Ta mpuitMayda)

PoGora mukimy B maHOMY BWMAAKy, a BIANOBIAHO W €KCEPris TEMIOTH
BU3HAYAETHCA 32 3AJICKHICTIO:
T

= ). (3.3)

exq: Zmax: W;xq: qX(l-
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Exceprito temnot npu T < Tye MOXKHA TpaKTyBaTH SIK MIHIMaJIbHY POOOTY,
Ky HEOOX1JTHO 3aTpaTUTH, 1100 BIIBECTH B HABKOJIUIIIHE CEPEIOBUILE TETUIOTY Qgix
Bl TUIa 3 TeMIeparypor . Y naHOMYy BHUMNAAKy €KCEpriio TEeIJIOTH MOXKHa

YMOBHO Ha3BaTH "€KCepriero Xonoay".

B nmapokoMipecopHiii X0JI0JUIbHOT YCTAHOBII €KCepris 10 MiABOAUTHCS €
o6oTa Kommpecopa: Se’ = [, , a BigBoguThCa eKcepris Temiotu Sef = e
p p pa. X k? p x xq2°
Pisnuns mik |, Ta €,,2 MOPIBHIOE CYMapHHM BTPaTaM €KCEprii B XONOAHIBLHOMY
KT, TakuM YUHOM, PIBHSHHS €KCepreTUYHOro OalaHCy JUIsl MapOKOMIIPECOPHOT
XOJIOJMIIbHOT YCTAHOBKH MaTHME BUTJISL:

l,=e,+ Se,. (3.4)

xq xq

I k |::> XomoauiapHa MallnHa I:> e xq )

N\

Se

xq

Puc. 10. CxemMa nmoTokiB ekceprii B mapOKOMIIPECOPHIi

XOJIOAWIBHINA YCTaHOBIII

3.2. EkcepreTuyHmil aHaIi3 UKy

1. Buznagaemo nutomy XOJIOAONPOAYKTUBHICTh, KJ[X/KT,

q,=1,-1,=395 — 180 = 215.

2. Buznauaemo muToMe TETIIOBE HABAHTAXKEHHS KOHJIeHCAaTOpa, KJ[K/KT,

q,=1,-1,= 420 — 180 = 240.

3. Ilutoma poboTa, MO BHUTpPAYAEThCS HA CTHCHEHHS TAapiB XOJOJ0AareHTy B

KOMITpECOpl, JOPIBHIOE MHUTOMIA POOOTI, IO BUTPAYAETHCA 3a LMK, KJIXK/KT:

l, = 0- d,= 240- 215= 25
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4. AOCONIOTHI 3HA4YeHHS TEMIEPATyp HABKOJMIIHBOIO CEpeloBUIIA Ta
XOJOAWIBHIN Kamepi:

T =t +273=0+ 273= 273°K

T =1t +273=- 10+ 273= 263°K

5. Iluroma ekcepris TEIJIOTH, IO BIIBOJAUTBECS 3 OXOJO/KYBAJIBHOTO 00'eMy,
kJK/Kr:

€= 49 ><($”" - 1= 215%%- 1)=8,17.

XK

6. Exceprernunuit KK/I:

Sz = 817 4 35,
| 25

Y

nMe}C -

7. Brpatu nuToMoi ekceprii B komnpecopi, kKJK/Kr:

e = L. XNS,- 8)= 2731,81- 1,79)= 5,46.

8. Brpatu nmutomoi exceprii B KoHAeHCAaTOP1, KJ[XK/KT:

o= (ly- 13)- T,.XS,- S;)= (420- 180)- 273%1,81- 0,95)= 5,22

9. Brpatu nuToMoi ekceprii B IpoceabHOMY BEHTHII1, KJK/KT:

ey = T {S, + S,)= 273x0,96+ 0,95) = 2,73,

10. BrpaTu nutomMoi ekceprii B BunmapoByBadi, KJ[x/kr:

o= (- 0,)- T XS;- S,)=(395- 180)- 273X1,79- 0,95)= 3,42.

xq
11. Cymapsi BTpatu nutoMoi exceprii, kJ[k/kr:

+e =546+ 522+ 2,73+ 3,42=16,83.

ae,=—e¢e + equ + equp xqeun

Xqi xXqrm
12. 3 iHmoro HanpsMKy, kJk/Kr:

8 e,=1-e,=25- 817=16,83

13. 3a pe3ynbpTaTamMmu po3paxyHKiB OyyeEMO aiarpamy Jjisi TapOKOMITPECOPHOT

XOJIOAWIBHOT YCTAHOBKHU 32 PE3yJIbTaTaMU €KCEPreTUYHOro aHanizy (qus.puc.11)
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1, 25x/{oic | ke- 100%

KOMIIpecop

|- e,..19,54xc | k2, 78,1% €.,.05, 461001 | K2,
21,9%
KOHJIEHCATOP
I - equM - equ’
14,32k /e | k2,57,2% €.i5226Dic | K2,
20,8%
JpOCeNh
I - exq/cu - exq/c - equp;
0
11,59« /]oic [ ke,46,4% €.ops 2 135001 [ K2,
10,9%
BHUIIAPOBYBAY
Iu - exqmz - equ -
- equp - exqgun; xqsun’s 42’(;12%/ Ke,
8,17x/lc | k2,32,7% 13.7%

xq2

Puc. 11. Jliarpama a1 napoKOMIpPECOPHOT

XOJIOAWIBHOT YCTAHOBKH 32 PE3YJIbTaTaMU €KCEPreTUYHOTO aHaJI3y

3MH.

ApK.
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