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3.1 Introduction

Sogutma: The process of removing heat from matter which may be a solid, a
liquid, or a gas.

Removing heat from the matter cools it, or lowers its temperature.
Two common methods of refrigeration are natural and mechanical.

In the natural refrigeration, ice has been used. The forced circulation of air
passes around blocks of ice. Some of the heat of the circulating air is
transferred to the ice, thus cooling the air, particularly for A-C applications.

In the mechanical refrigeration a refrigerant is used. By means of expansion,
compression, and a cooling medium, such as air or water, the refrigerant
removes heat from a substance and transfers it to the cooling medium.

Refrigeration applications: Used in industry for cooling and freezing of
products, condensing vapors, maintaining environmental conditions and for
cold storage.

The number of different applications is huge and they are a major consumer of
electricity. In some sectors, particularly food, drink and chemicals it represents
a significant proportion of overall site energy costs (up to 90% in the case of
some cold storage facilities).



* Presently, the refrigeration industry urgently needs

technical information on the refrigeration systems, system
components, and technical and operational aspects of such
systems and components;

procedures for energy and exergy analyses of refrigeration systems
for system design and optimization;

application of optimum refrigeration techniques;

techniques for the measurement and evaluation of the components'
performance;

methodology for the use of the cooling data to design an efficient
and effective refrigeration system and/or to improve the existing
refrigeration systems.

The primary objective of this chapter is to discuss refrigeration cycles

and their energy and exergy analyses, major refrigeration system
components (e.g. compressors, condensers, evaporators, throttling
devices) and their technical and operational aspects, auxiliary
refrigeration system components, some new refrigeration techniques for
more efficient and effective refrigeration.



3.2 History of Refrigeration

At least as early as the second century evaporation was used in Egypt to
chill jars of water, and it was employed in ancient India to make ice.

In 1755 William Cullen, a Scottish physician, obtained sufficiently low
temperatures for ice making by reducing the pressure on water in a
closed container with an air pump.

In 1834, Jacob Perkins, an American, constructed and patented a vapor-
compression machine with a compressor, a condenser, an evaporator,
and a cock.

Dr. John Gorrie, an American, developed a real commercial cold-air
machine and patented it in England in 1950.

In 1860, a French engineer, Ferdinand P. Edmond Carre, invented an
intermittent crude ammonia absorption apparatus, which produced ice on
a limited scale.

Between 1880 and 1890 ammonia-compression installations became
more common.

By 1890 mechanical refrigeration had proved to be both practical and
economical for the food refrigeration industry.



3.3 Main Refrigeration Systems and Cycles

« The main goal of a refrigeration system which performs the reverse effect
of a heat engine is to remove the heat from a low-level temperature
medium (heat source) and to transfer this heat to a higher level
temperature medium (heat sink).

| | | Heat sink
Main refrigeration systems and cycles T,
» buhar sikistirmali sogutma sistemleri QH + Heat transfer
« sogurmall sogutma sistemleri - N .
hava-standart sogutma sistemleri ""/ SYS \H' v
* hava- u | | :. - —<—
| ; | | \ (REMESE) e input
« jet firlatma sogutma sistemleri N o
- termoelektrik sogutma QL_IHEH transfer
thermoacoustic sogutma. Heat source
T,

Figure 3.1 A thermodynamic
system acting as a refrigerator.
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3.4 Sogutma Sistemi Elemanlari

Major components of a vapor-compression refrigeration system are

* kompresor, kondenser, evaporator, ve genlesme vanasi.

In the selection of any component for a refrigeration system, there are a number of
factors that need to be considered carefully, including

maintaining total refrigeration availability while the load varies from 0 to 100%;

frost control for continuous performance applications;

variations in the affinity of oil for refrigerant caused by large temperature changes,
and oil migration outside the compressor crankcase;

« selection of cooling medium: (i) direct expansion refrigerant, (ii) gravity or pump
recirculated or flooded refrigerant, or (iii) secondary coolant (brines, e.g., salt and

glycol);
« system efficiency and maintainability;
« type of condenser: air, water, or evaporatively cooled;

« compressor design (open, hermetic, semihermetic motor drive, reciprocating, screw,
or rotary);

« system type (single stage, single economized, compound or cascade arrangement);
and

« selection of refrigerant (note that the type of refrigerant is basically chosen based on
operating temperature and pressures). 6



3.5 Kompresorler

In a refrigeration cycle, the compressor has two main functions within the
refrigeration cycle.

One function is to pump the refrigerant vapor from the evaporator so that
the desired temperature and pressure can be maintained in the
evaporator.

The second function is to increase the pressure of the refrigerant vapor
through the process of compression, and simultaneously increase the
temperature of the refrigerant vapor.

Refrigerant compressors, which are known as the heart of the vapor-
compression refrigeration systems, can be divided into two main
categories:

* Pozitif Sikistirmali Kompresorler (pistonlu kompresorler) ve
e Santrifuj (Turbo) Kompresorler (dinamik kompresorler).
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Both displacement and dynamic compressors can be hermetic,
semihermetic, or open types.

The compressor both pumps refrigerant round the circuit and produces
the required substantial increase in the pressure of the refrigerant.

The refrigerant chosen and the operating temperature range needed for
heat pumping generally lead to a need for a compressor to provide a
high pressure difference for moderate flow rates, and this is most often
met by a positive displacement compressor using a reciprocating piston.

Other types of positive displacement compressor use rotating vanes or
cylinders or intermeshing screws to move the refrigerant.

In some larger applications, centrifugal or turbine compressors are used,
which are not positive displacement machines but accelerate the
refrigerant vapor as it passes through the compressor housing.



In the market, there are many different types of compressors available, in
terms of both enclosure type and compression system. Here are some
options for evaluating the most common types (DETR, 1999):.

Reciprocating compressors are positive displacement machines, available
for every application. The efficiency of the valve systems has been
Improved significantly on many larger models. Capacity control is usually by
cylinder unloading (a method which reduces the power consumption almost
in line with the capacity).

Scroll compressors are rotary positive displacement machines with a
constant volume ratio. They have good efficiencies for air conditioning and
high-temperature refrigeration applications. They are only available for
commercial applications and do not usually have inbuilt capacity control.

Screw (Helisel vidall) compressors are available in large commercial and
industrial sizes and are generally fixed volume ratio machines. Selection of
a compressor with the incorrect volume ratio can result in a significant
reduction in efficiency. Part-load operation is achieved by a slide valve or lift
valve unloading. Both types give a greater reduction in efficiency on part
load than the reciprocating capacity control systems.
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Kompresorlerden beklenilenler:

Sogutmada kompresorlerden asagidaki gereksinimleri karsilamasi
beklenir:

» yuksek guvenilirlik

e uzun omurlu olmasi

» kolay bakim saglanabilmesi
» kolay kapasite kontrolu

* sessiz ¢alismasi

* yogunluk

« ve dusuk maliyet.
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Kompresor se¢im kriterleri:

Uygun bir sogutucu kompresor seciminde asagidaki kriterler dikkate
alinir;

e sogutma kapasitesi
« hacimsel debi
« sikistirma orani

« ve sogutucunun termal ve fiziksel ozellikleri

12



3.5.1 Hermetik kompresoriler
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Figure 3.3 A typical hermetic reciprocating compressor 13



In these compressors, which are available for small capacities,
motor and drive are sealed in compact welded housing.

The refrigerant and lubricating oil are contained in this housing.

Almost all small motor-compressor pairs used in domestic
refrigerators, freezers, and air conditioners are of the hermetic
type.

The capacities of these compressors are identified with their
motor capacities.

For example, the compressor capacity ranges from 1/12 HP to
30 BG in household refrigerators.

Their revolutions per minute are either 1450 or 2800 rpm.

Hermetic compressors can work for a long time in small-
capacity refrigeration systems without any maintenance
requirement and without any gas leakage, but they are sensitive
to electric voltage fluctuations.

The cost of these compressors is very low.

14



Figure 3.4 New, high-efficient compact coil air-cooled condensing
units using hermetic compressors
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3.5.2 Semihermetic compressors

* In larger sizes, refrigeration compressors are often semihermetic,

« Semihermetic compressors are identical to the hermetic types,
but the motor and compressor are constructed in a fabricated
enclosure with bolted sections or access panels to facilitate
servicing.

* The cost is substantially higher than for hermetic units.

« Overall efficiencies of up to 70% or more are theoretically
possible.

« These compressors are manufactured in small and medium
capacities and their motor capacities can reach 300 kW.

« They are compact and they do not have a leakage problem.

« These compressors are available for alternative refrigerants (e.g.
R-134a, R-404A and R-507).

16



Figure 3.5
Semihermetic
reciprocating
compressors.
(a) single
stage. (b) two
stage

(@)

Figure 3.5a shows the cutaway view of a single-stage octagon series
semihermetic reciprocating compressor with nominal motor powers of 60

and 70 hp.

Figure 3.5b shows a two-stage semihermetic reciprocating compressor for
extremely low temperature applications and its main feature is the two-stage
compression in one housing.

Particularly for commercial refrigeration applications with high load
variations, an energy efficient operation at full and part load (up to four
capacity stages) with all common refrigerants is possible at reasonable cost.

17



3.5.3 Acik Kompresorler

Open reciprocating compressors with a shaft seal and an external drive motor

suitable for a range of prime movers are also available up to about 2 MW duty.

In these compressors, the crankshafts, which are externally coupled with
electric motors, extend through the compressor housings.

Figure 3.6 (a) Open type reciprocating compressor and (b) air-cooled
condensing unit with an open type reciprocating compressor
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3.5.4 Displacement compressors

« These compressors use the shaft work
to increase the refrigerant pressure by
reducing the compression volume in the
chamber.

« The compressors of this group are

* reciprocating,
* vane (rotary),
» screw (helical rotary)

Reciprocating compressors

A great majority of reciprocating
compressors which compress the refrigerant
gas only on the forward stroke of a piston
are built to be single acting in a large
capacity range, up to hundreds of kilowatts.

Models of these compressors may be single-
cylinder or multicylinder in V, W, radial, or
line form.

Figure 3.7 An internal view of
V-type 6-cylinder reciprocating
compressor
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The power required for the compressor can be provided either
directly by a motor or indirectly by a belt or a gear drive.

In these compressors, cylinder clearance volume,
compression ratio, amount of suction superheat, valve
pressure drops, and the refrigerant-oil characteristics are the
main parameters which affect their efficiencies.

The selection of cooling method is dependent on the
discharge temperature.

- For example, when the discharge temperature is low, as in
R-134a compressors, air cooling is usually chosen.

- Water cooling is used where high discharge temperatures
occur.

20



Rotary compressors

Rotary compressors are of four general design configurations:
* (i) rolling piston, (ii) rotating vane, (iii) screw, and (iv) scroll.

Rotary compressors have a rotary or circular motion instead of a
reciprocating motion.

They operate on rotors which rotate on an eccentric shaft. Gas enters
through a space between the rotor and the cylinder through a suction
port.

The gas is compressed as the rotor revolves due to the eccentrical
assembly of the rotor and the cylinder.

A discharge port on the opposite releases the compressed air.
The two more commonly used rotary compressors include

« the rolling piston-type and the rotating-vane-type.
Both are very similar in size, performance and applications.

Rotary compressors are popular in domestic refrigeration and suited for
applications where large volumes of vapor are circulated and where a low
compression ratio is desired.

21



Vane compressors

There are two major types of vane compressors,
single-vane (rotary) and multivane.

A rotary compressor simply consists of a bladed,
eccentric rotor in a cavity.

As the rotor turns, the blades extend and retract,
sealing off the cavity into segments of varying size.

The gas enters the intake port where the segments
are large, is compressed as the cavities are
reduced, and is discharged where the segments
are small.

These compressors are commonly used in
domestic refrigerators, freezers, and air
conditioners.

The possible maximum compression ratios
achieved are on the order of 7:1.

Small systems and some ammonia systems also
employ compressors of this type.

Figure 3.8 Cutaway
view of a rotary vane
compressor
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Basic advantages of vane compressors

Simple, compact design. Sturdy construction with few moving parts, easy
to access and maintain, easy to replace parts, very reliable, and durable.

Single-stage compression. The nature of the design produces sufficient
compression in a single stage, resulting in a very high-compression ratio
during cycle, as well as better energy efficiency, reduced risk of fault, and
reduced maintenance requirements.

Direct axial coupling to the motor. Direct coupling is possible because
the high-compression ratio permits low-rotation speeds, eliminating the
need for transmission or gears. Fewer parts mean lower energy dissipation
and simplified maintenance.

Low-rotation speeds. Lower speeds reduce vibration, thus diminishing
noise and wear, lowering temperature, and eliminating the need for
foundations.

Low cycle temperature. Lower temperatures reduce wear, oil
consumption, and leakage caused by distension of parts. Less energy is
needed for cooling and the purity of delivered air is enhanced.

Low need for maintenance. With fewer parts suffering little wear, single-
stage rotary vane units offer cleaner and more reliable operation,
significantly reducing maintenance needs.

23



Screw compressors

Screw compressor technology offers many benefits over reciprocating
types, including higher reliability and improved performance.

Screw compressors are also positive displacement refrigeration system
components.

Both single screw and twin screw compressors are widely used in
refrigeration applications.

A single screw compressor consists of a single helical rotor (shaft) and a
pair of gate rotors, that then mesh together and with the casing form a
sealed volume wherein compression takes place.

T Discharge Port /- Suction Side

\ )
ER‘“ srf
V}%’ I/

1] S L
@) (b)

Figure 3.9 Screw compressor. (a) Dual rotor. (b) Mono rotor
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The screw compressors were developed specifically for use
in applications of —40°C and below (down to —50°C).

The development of this advanced screw-style refrigeration
system offers the following benefits:

better performance per hp,
improved reliability,
reduced costs,

fewer moving parts,

less vibration,

less refrigerant loss.

By design and function, the screw compressor has far fewer
moving parts than the reciprocating style.

Figure 3.10 A
large capacity
double-screw
compressor.

(a) Complete view
(b) Internal view
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For industrial refrigeration applications,
such as process chillers, the high-
temperature compact screw compressors
provide an ideal solution.

The integrated oil separator and oill
reservoir significantly reduces the
installation time, complexity, cost and
space required.

Such compressors are available in sizes
from 50—-140 hp which are equipped with
the dual capacity control system and auto-
economizer and can be used with the
common refrigerants R-134a, R-407C, and
R-22 (R-404A, R-507A in special
applications).

Figure 3.11 shows the cutaway view of a
hermetic rotary type screw compressor
which is commonly used in small-scale
refrigeration applications, particularly in
household and commercial units.

Figure 3.11 Internal
view of a hermetic
rotary screw
compressor
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Scroll compressors

« The scroll compressor uses one stationary (fixed) and one orbiting scroll to
compress refrigerant gas vapors from the evaporator to the condenser of the
refrigerant path.

« Scroll compressors are a relatively recent compressor development and are
expected to eventually replace reciprocating compressors in many cooling
system applications, where they often achieve higher efficiency and better part-
load performance and operating characteristics.

Figure 3.12 A hermetic scroll compressor. (a) Complete view. 27
(b) Cutaway view. (c) Internal view



3.5.5 Dynamic compressors

» These compressors increase the refrigerant pressure through a continuous
exchange of angular momentum between a rotating mechanical element
and the fluid subject to compression.

« The main types are centrifugal and turbo compressors.

Centrifugal compressors

» Centrifugal compressors are often used in place of positive displacement
compressors for very large capacities, or for high-flow low-pressure
difference applications, and are available, designed for refrigeration use,
in the 300 kW-20 MW range (e.g. 400-10,000 tons).

 They are also appropriate for multi-stage refrigeration applications.

Figure 3.13
(a) Cutaway
view of a
centrifugal
compressor.
(b) A chiller unit «
with centrifugal '
compressor

28



The centrifugal compressors available in the market use R-123, R-22
and R-134a.

This usually calls for semihermetic designs, with single or multi-stage
impellers.

In refrigeration industry multi-stage centrifugal compressors are now
manufactured with cast iron, nodular iron and cast steel casings for
discharge pressures up to 40 bar.

With up to eight wheels in a single casing, the compressor has a
capacity of 42,000 m3/h and 9000 kW.

Figure 3.14 A centrifugal compressor

Figure 3.15 Cutaway view of a centrifugal
compressor using magnetic beariﬁ%s



Turbo (Santrifuj) compressors

* In refrigeration technology, turbo compressors usually
denote centrifugal compressors, but their efficiencies
are low.

* In this type of compressor, the discharge pressure Is
limited by the maximum permitted tip speed.

« Aset of impellers is arranged for high compression
pressures.

« These compressors have found applications in air
conditioning and water chilling systems where high
suction volumes at high suction pressures are required.
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Energy and Exergy Analysis of Compressors

Compressors are used to increase the pressure of a fluid. In the case
of a refrigeration cycle, it is used to compress the refrigerant.

Compressors operate continuously and the compression process can
be modeled as a steady-flow process.

%2 }h] ~ ”}2 — p|A| V| — JOEAEVE

| V
Compressor 3 —> TA|V| = —AV, — —

m : the mass flow rate (kg/s)
' p: density (kg/m3)
A cross-sectional area (m2)
V: velocity (m/s)
v: specific volume (m3/kg)
v the volume flow rate (m3/s)

The schematic of a
compressor considered for
mass and energy analysis
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Ein = Eout

The steady-flow energy balance W in+ M h = m h,

Wi =m(h2—h1)
Assuming that there is a net
heat transfer from the Win+mhl =Q +mh
compressor, the energy balance o ‘
equation becomes Win_Qout =m(h2—|'11)

Entropy balance Sin—=Sout + S gen sys

Sgen — Sout—Sin

Sgen =Ms, —Ms, =m(s, —s,)

the exergy destruction EXoow =T. S =mTo(s. —s
during the compression dest 0 = 9N O( 2 1)
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- EXin— EXou — EX est — O
The exergy destruction can -

also be determined by writing EXoest = EXin —EXout
an exerqgy balance on the : L :
gy EXdest :W+ EXl_ EXZ
compressor
=W-AEXp»
:W_m[hz_hl_To(Sz_sﬁ)]
:W_W rev

the reversible work input to the

compressor : : . .
W o =Exe—Exa=m|h,—h —T;(s,—5,)|

exergy efficiency of the compressor

77ex,Comp —
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Example 3.1

Refrigerant-134a enters the compressor of a refrigeration cycle at 160 kPa and —10°C with a flow
rate of 0.25m*/min and leaves at 900 kPa and 60°C. The ratio of the clearance volume to the
displacement volume is 0.05. Determine (a) the volumetric efficiency of the compressor, (b) the
power input to the compressor, (¢) the 1sentropic efficiency of the compressor, and (d) the rate of
exergy destruction and the exergy efficiency of the compressor. Take Ty = 25°C.

Solution

(a) The properties of refrigerant at the inlet and exit states of the compressor are obtained from
R-134a tables:

hi= 245.77kJ/kg
s1=0.9598kl/kg - K

vy = 0.1269m?/kg

P, = 160kPa
T =—10°C

hy= 295.13 kl/kg

? f zgegpﬂ } s, = 0.9976 kl/kg - K
R ' vy= 0.02615m"/kg
P, = 900kPa

has = 282.76 k) /ke
55 = 51 = 0.9598kJ/ke - K } 25 /kg

o 7 0.1269 |
vt =1—R[2 1) =1-005 —==—1) = 0.807 = 80.7%
IComp.vol (vg ) :’(n.ozﬁl.ﬁ ) ‘
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(b) The mass flow rate of the refrigerant and the actual power input are
Vi (0.25/60) m’/s
vy 0.1269 m°/kg
Waat = mi(hy — hy1) = (0.03285 kg/s)(295.13 — 245.77) kl/kg = 1.621 kW

m = = 0.03285 kg/s

(c) The power input for the isentropic case and the isentropic efficiency are

Wisen = it (has — hy) = (0.03285kg/s)(282.76 — 245.77) kl/kg = 1.215kW

V: : W
w.‘se“ - Al Ak = 0.749 = 74.9%
W, 1.621kW

NComp,isen =

(d) The exergy destruction is
Exgest = mTo(s2 — s1) = (0.03285 kg/s)(298 K)(0.9976 — 0.9598) kl/kg - K = 0.370 kW
The reversible power and the exergy efficiency are
Wiey = Wit — Exgesy = 1.621 —0.370 = 1.251kW

Weew  1.251kW

o — 0772 = T12%
MCompex = W = 1.621kW ‘
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3.5.6 Compressor capacity and performance

All compressors are rated in terms of how much flow they
produce at a given ratio of outlet to inlet pressure
(compression ratio).

This flow is obviously a function of compressor size (e.g. the
number of cylinders and volume displacement for
reciprocating compressors) and operating speed (rpm).

The limits of clearance volumes and valve pressure
differentials force some of the compressor's flow volume
capability to be lost as useful compression.

This is referred to as volumetric efficiency.

For example, at a compression ratio of 3 to 1, 82% of the
volume of the compressor is useful.

Thus, If the refrigeration effect required 10 cfm of vapor flow
from the evaporator, the compressor would have to produce
10/0.82 or 12.2 cfm of flow.
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Compression ratio: The ratio of discharge pressure to suction
pressure at saturated conditions, expressed in absolute terms.

. Pnr CR is compression ratio;
CR = P, is saturated discharge pressure, kPa;

P

s P, is saturated suction pressure, kPa.

Bir kompresor performansi sunlardan etkilenir:

« kompresor hizi

* emme basinci

* emme sicakligi

« tahliye basinci
 sogutucu akiskan turu
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Compressor efficiency

In practice ARI Standard 500-2000 defines the compressor efficiency as the
ratio of isentropic work to the actual measured input power.

i(h. —J
}Lzm(?b} 1,)

The volumetric efficiency

v R: the ratio of the clearance volume to the
n . =1—R ——1| displacement volume
V, v, and v,: the refrigerant specific volumes at the
| compressor inlet (suction) and exit (discharge)

The refrigeration capacity
O, =Vn_.p,(h —h,)

V: the compressor volumetric displacement rate (m?3/s),
N..: compressor volumetric efficiency

p,: density of the refrigerant at the compressor inlet (kg/m3)
h, and h,: specific enthalpies of the refrigerant at
compressor inlet and at expansion valve inlet.



Compression ratio, the suction temperature, and lubrication and
cooling affect compressor efficiency.

Asagidaki cozumler verimi artirmak icgin:

* Minimization of temperature lift. The compressor is most efficient when the
condensing pressure is low and the evaporating pressure is high, leading to
the minimum temperature lift and compression ratio.

 Lowering suction temperature. The lower the suction gas temperature the
higher the capacity with no effect on power input. The discharge
temperature will also be lower. Suction line insulation is essential.

» Effective lubrication and cooling. The compressor must be lubricated and
efficiently cooled. Insufficient lubrication increases bearing friction and
temperature and reduces compressor efficiency, often resulting in failure.
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Compressor capacity control

A capacity controlled refrigeration unit is a unit in which the compression
ability of the compressor can be controlled to reduce or increase refrigerant
mass flow rate.

The concept of compressor flow modulation achieves improved performance
In two ways.

First, by using efficient compressor capacity reduction to prevent the
increase in mass flow rate of refrigerant at high ambient temperatures, the
COP at higher ambients can be significantly increased.

The second improvement in performance is realized by a change in system
Sizing strategy.

The capacity of the unit during cooling can be controlled to achieve proper
comfort control.

One method of system capacity control frequently in use today is hot-gas-
bypass.

Hot gas-bypass, where discharge gas from the compressor is vented back to
the suction side of the compressor, is an easy retrofit to most systems, but is
disastrous from an energy savings viewpoint because capacity is reduced
without reducing compressor work, and is probably best avoided.
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Diger olasi kapasite kontrol yontemleri esas olarak uc¢ kategoriye
ayrilir :

» Speed control. Speed control can be done either continuously or stepwise.
Continuously variable speed control is one of the most efficient methods of
capacity control, and it offers good control down to about 50% of rated speed
of normal compressors.

 Clearance volume control. This requires substantial amounts of additional
clearance volume to achieve the amount of flow reduction desirable.

« Valve control. Suction valve unloading, a compressor capacity control
method often used in large air conditioning and refrigeration systems to reduce
cooling capacity when load decreases, can achieve some energy savings.

The method is relatively inexpensive.

Two newer methods of compressor flow regulation via valve control are late
suction valve closing and early suction valve closing.
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Capacity control for varying loads to provide better efficiency
There are several ways to meet varying loads, each with different efficiency, as
summarized below

Case 1. Single large compressor. This cannot meet variable load and results in
wasted capacity and lower efficiency when at part load.

Case 2. Single large compressor with inbuilt capacity control. This is a good option to
meet variable load as long as load stays above 50%.

Case 3. Three small compressors (two with same capacity and one with capacity
control). This allows fairly close matching to demand.

Case 4. Three small compressors with different capacities. This is a good option to
meet variable load. The aim is to mix and match to varying load with sequence
control.

Case 5. Three compressors with parallel control. This is often used, but is not always
recommended due to nonlinear input power with capacity turn-down. For example, at
180% capacity (i.e., 3 at 60%), it requires ~240% power due to inefficiencies, which
brings an additional input of about 60%.

Case 6. Three compressors (two are on and one is off). In this case, one compressor
is used at 100%, and one is used to trim to exact demand (e.g., 80% in the above
case), giving 180% capacity with 188% power (22% saving over the above case).

43



The load profile must be available to select the best compressor option.
The efficiency of the different options varies enormously.

Switching a compressor off to reduce the system capacity is the most
efficient method of meeting a reduced load.

The efficiency of a compressor operating on inbuilt capacity control is
always lower than when it operates at full load.

Any method which recirculates compressed gas back into the suction of a
COMpPressor is very poor.

Compressors are often oversized for an application because so many safety
factors are used when calculating the load. This should be minimized as
oversized compressors often operate with a lower power factor.

Regardless of the configuration option selected to meet a load, the control
of the compressors is important. The control strategy should be designed to:

» select the most efficient mix of compressors to meet the load,
« avoid operation on inbuilt capacity control when possible, and
« avoid operation at low suction pressures when possible.

Selecting compressors of different sizes and designing a good control
strategy to cycle them to accurately match the most common loads is often
the most efficient option.
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3.6 Condensers

There are several condensers to be considered when making a
selection for installation: air-cooled, water-cooled, shell and tube,
shell and coll, tube within a tube, and evaporative condensers.

Each type of condenser has its own unique application.

Selection of condenser type is not easy and depends on the
following criteria:

« condenser heat capacity,

« condensing temperature and pressure,

* the flow rates of refrigerant and coolant,

* design temperature for water and/or air,

* operation period,

* climatic conditions.
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Condensers utilized in the refrigeration industry are commonly of three types,
as follows:

 water-cooled condensers,

« air-cooled condensers,

» evaporative condensers.

Common types of water- and air-cooled refrigerant condensers for
commercial refrigeration use are:

* shell and tube, blow-through, horizontal air-flow,

* shell and coil, draw-through, vertical air-flow,

* tube in tube, static or forced air-flow.

The type of condenser selected depends largely on the following
considerations:

* size of the cooling load,

» refrigeration used,

« quality and temperature of available cooling water (if any),

« amount of water that can be circulated, if water use is acceptable.
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Water-cooled condensers

The most common condensers are generally shell and tube type heat
exchangers with refrigerant flow through the shell and water (as coolant) flow
through the tubes. These condensers are widely used in large heat capacity
refrigerating and chilling applications.

If a water-cooled condenser is used, the following criteria must be examined:
* requirement of cooling water for heat rejection,

» utilization of a cooling tower if inexpensive cooling water is available,

* requirement of auxiliary pumps and piping for recirculating cooling water,

* requirement of water treatment in water recirculation systems,

* Space requirements,

* maintenance and service situations, and

» provision of freeze protection substances and tools for winter operation.

ELT SST VSE AMC

SCH/SCS
Tube in Tube Shell and Tube Shell and Coil  Ammonia Application Coaxial

Figure 3.17 Various water-cooled condensers 47



Air-cooled condensers

The air-cooled condensers find applications in domestic, commercial, and

industrial refrigerating, chilling, freezing, and air conditioning systems with a

common capacity of 20—120 tons.

The advantages of air-cooled condensers are:

* no water requirement,

» standard outdoor installation,

* elimination of freezing, scaling, and corrosion problems,

» elimination of water piping, circulation pumps, and water treatment,

* low installation cost, and

* low maintenance and service requirement.

They have some disadvantages:

 high condensing temperatures,

* high refrigerant cost because
of long piping runs,

 high power requirements per
kW of cooling,

* high noise intensity, and

» multiple units required for

large-capacity systems. Figure 3.18

A typical air-
cooled FEsaees
condenser e




Evaporative condensers

Evaporative condensers are apparently water-
cooled designs and work on the principle of
cooling by evaporating water into a moving air
stream.

The effectiveness of this evaporative cooling
process depends upon the wet bulb temperature
of the air entering the unit, the volume of air flow
and the efficiency of the air/water interface.

Evaporative condensers use water sprays and air
flow to condense refrigerant vapors inside the
tubes.

The following are some characteristics of these
condensers:

* reduced circulating water for a given
capacity,

« water treatment is necessary,

* reduced space requirement,

« small piping sizes and short overall lengths,

» small system pumps,

« availablility of large capacity units and indoor
configurations.
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Figure 3.19 An evaporative
condenser.




Cooling towers

Cooling towers are like evaporative
condensers, working on the principle of tt1
cooling by evaporating water into a
moving air stream. &=

The effectiveness of this evaporative
cooling process depends upon the wet
bulb temperature of the air entering the
unit, the volume of air flow and the
efficiency of the air/water interface.

Cooling towers are essentially large
evaporative coolers where the cooled
water is circulated to a remote shell and
tube refrigerant condenser.

Note that the cooling water is circulating

through the tubes while refrigerant vapor Figure 3.19 A counterflow
condenses and gathers in the lower cooling tower

region of the heat exchanger.
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Energy and Exergy Analysis of Condenser

« Condensers are used to reject heat from a refrigeration system. In a vapor-
compression refrigeration cycle, the refrigerant is cooled and condensed as

it flows in the condenser coils.

M1 =My

- - - -

Oy Water, m,,
2 1 3
)
2

(a)

4
—|—>

1
—

Refrigerant, mg

Figure 3.21 The schematic of condensers considered for mass and energy
analysis.(a) Air-cooled condenser.(b) Water-cooled condenser.
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The steady-flow energy balance

Assuming that heat exchanger is
Insulated, the energy balance

The rate of heat rejected to water

an entropy balance on the condenser

mh, =mh, +Q

out

Qout = m(hl_hZ)

mRh1+mwh3:mR h2+mwh4

m, (h, —h,)=mw(h, —h,)

Qout :mR(hl_hZ):mW(h4_h3)

Sin—sout+sgen :Assys =0

Sgen — Sout—sin
Q,

S gen

=M

H

|

sz—sl+q—

H

3

+ms, —ms,
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exergy destruction in the condenser EXdest =T, Sgen — rhTo(sz —5 +—t

3

The exergy destruction can
also be determined by writing
an exergy balance on the
condenser

exergy efficiency of
the condenser

an entropy balance

EXin— EXout— EXdest =0
EXdest = EXin— EXout

EXdest — (Exl— EXZ) = EXQH

=m[h—h,-Ty(s,-5,)]-Qy £1_

. Q,, 1-To
Exo, _ Ty 1

Uex,Cond —

o

H

To
T,

Exi—Exa  m[h —h,—T,(s,—s,)] Exi— Ex:

Sgen — Sout—Sin
S gen :(mR S, +Muw sJ—(mR S, +Muw 53)

=mr (S, ~8,)—Mu (S, —S,)
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Example 3.2

Refrigerant-134a enters the condenser of a refrigeration cycle at 800 kPa and 60 °C with a flow rate
of 0.095 kg/s and leaves at the same pressure subcooled by 3.3 °C. The refrigerant is condensed by
rejecting its heat to water which experiences a temperature rise of 11 °C. Determine (a) the rate of
heat rejected in the condenser, (b) the mass flow rate of water, (c) the COP of this refrigeration
cycle if the cooling load at these conditions is 12kW, and (d) the rate of exergy destruction in the
condenser. Take Ty = 25°C.

Solution

(a) We refer to Figure 3.21b for the schematic of the condenser. The properties of refrigerant at
the inlet and exit states of the condenser are (from R134a tables)

P, = 800kPa | hy= 296.81kl/kg
T, =60°C [ 5= 1.011kVkg-K

P2 = 800 kPa hz - hf @ 28°C = 90.69 kJ/kg
Tg s Tsat @ 800 kPa — ATsubcool =31.3-33=28°C §7 = Sf@ 28°C = 0.3383 kJ/l(g K

The rate of heat rejected in the condenser is
Qu = g (hy — hy) = (0.095 kg/s)(296.81 — 90.69) ki/kg = 19.58 kW
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(b) The mass flow rate of water can be determined from an energy balance on the condenser:

On = mp(hy — hy) = nycp AT,
19.58 kW = m,(4.18kl/kg - °C)(11°C)
my = 0426 kg/s

The specific heat of water is taken to be 4.18 kl/kg - °C.
(c) From the definition of COP for a refrigerator,
o OL 12 kW

COP= — = —— = = 1.58
Wiw On—0p (19.58 —12)kW

(d) The entropy generation and the exergy destruction in the condenser are

Sgen = mg(sy —51) + &
Ty
19.58 kW
= (0.095kg/s)(0.3383 — 1.011)kJ/kg - K+ BT a = 0.001794 kW/K

EXgest = Tos'ge., = (298 K)(0.001794 kl/kg - K) = 0.5345 kW
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3.7 Evaporators

Evaporator can be considered the point of heat capture in a
refrigeration system and provides the cooling effect required for
any particular application.

There are almost as many different types of evaporators as there
are applications of heat exchangers. However, evaporators are
divided into two categories such as

 direct cooler evaporators that cool air that, in turn, cools the
product

 Indirect cooler evaporators that cool a liquid such as brine
solution that, in turn, cools the product.

In practice, the following evaporators are commonly used for
cooling, refrigerating, freezing, and air conditioning applications:

 liquid coolers,
 air coolers, and/or gas coolers.
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Liquid coolers

Shell and tube type heat exchangers are the more common form of
evaporation units for water cooling and chilling applications.

These are utilized to cool liquids, which can be used as the secondary
refrigerant or to cool the final products directly.

In practice, these types of heat exchangers are known as liquid coolers or
chillers.

Some example applications in food and refrigeration industry are:
» chilling of drinkable water,

» chilling of water for air conditioning coils,

» chilling of milk after pasteurization, and

* process cooling operations.

Shell Tube
fluid flnid

ol

Batfle and
: support plate

Figure 3.20 A
shell-tube type
evaporator 57
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Chilled water systems can use either a flooded evaporator or a
direct-expansion evaporator which are typically shell and tube
type heat exchangers.

If the refrigerant vaporizes on the outside surface of the tubes
the evaporator is a flooded cooler;

If it vaporizes inside the tubes the evaporator is a dry cooler

In this more common type, the mixture of liquid and vapor is
evaporated completely, usually with some degree of
superheating.

In a flooded cooler the water or brine is circulated through the
tubes, which are usually finned to provide an increment in the
heat transfer rate and a decrease in the evaporator size.

In a dry cooler the liquid refrigerant is contained within the tubes,

and water or brine is circulated through the shell of the cooler,
which serves as an evaporator.
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Air and gas coolers

These coolers are generally called direct expansion coils and consist of a
series of tubes through which refrigerant flows.

The tubes, which are finned to increase the heat transfer rate, are normally
arranged into a number of parallel circuits fed from a single throttling valve.

These coolers are classified as flooded and dry types.

In a flooded coil, a float valve is used to maintain the preset level in the coll,
keeping the evaporator coil close to full of the liquid refrigerant.

This full contact of the liquid with the tube walls provides a high heat transfer
rate.

In practice flooded type is not preferable, because it requires large amounts
of refrigerant.

A dry coil requires only a small amount of refrigerant and this reduces the
cost of the refrigerant charge.

Figure 3.21 Air coolers. (a) Room type. (b) Large-scale industrial type 59



Energy and Exergy Analysis of Evaporator

« Evaporators are used to absorb heat from the refrigerated space. In a
vapor-compression refrigeration cycle, the refrigerant is evaporated as it
flows in the evaporator coils.

M1 =My

1 2 Refrigerant, mg
—|—>| Evaporator |
Q

(a)
« Figure 3.24 The schematic of evaporators considered for mass and energy

analysis. (a) Refrigerant absorbing heat from a space. (b) Refrigerant
absorbing heat from water.
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Assuming that heat MR hl + Mw h3 =My h2 + Mw h4
exchanger is insulated, the

energy balance in this case mR (h2 — hl) — mw (h3 — h4)

becomes.

The rate of heat absorbed

by the refrigerant (and rejected Q= rriR (h2 — hl) = My (h3 — h4)
from the water)

Sin—Sout+Sgen :ASsys :O
Sgen =Sout—sin

an entropy balance on the evaporator |

QH

H

g

Sgen —ms ms



the exergy destruction in the evaporator 'Exges =T, S gen = mTo (32 s, _ij
L

EXin - EXout — Exdest — O

exergy destruction can also be S = D=/
determined by writing an exergy

EXd =—EX ), — EX1— EX
balance on the evaporator: = - ‘

:(Exl— EXZJ_EXQL

—m[h —h, —To(sl—sz)]{‘QL[l_%H

The exergy | 9 1_T_o |
efficiency of the _ Exq T, > e
evaporator Mex Evap = —]-—=

EX1— EXz m|:h1—h2 _TO (81—32)] EX1— EXz
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« If we consider Figure 3.24b for the operation of an evaporator, an entropy
balance may be written as ;

Sgen — Sout_sin
S gen =(mR S, + My s4j—(mR S, + My SBJ

=mw (S, —S;)~Mr (S, —S, )

Then the exergy destruction in the evaporator becomes

EXdest :TO Sgen :TO |:mW (54 —33)—mR (Sl _SZ ):|
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Example 3.3

Heat is absorbed from a cooled space at 32°F at a rate of 320 Btu/min by refrigerant-22
that enters the evaporator at —12°F with a quality of 0.3 and leaves as saturated vapor at
the same pressure. Determine (a) the volume flow rates of R-22 at the evaporator inlet and
outlet and (b) the rate of exergy destruction in the evaporator and the exergy efficiency of the
evaporator. Take Ty = 77°F. The properties of R-22 at the inlet and exit of the evaporator are
as follows:

hy = 102.67 Btw/lbm, s; = 0.2776 Btw/Ibm - R, v; = 0.5332 ft*/Ibm
hy = 169.82 Btu/lbm, s, = 0.4276 Btw/lbm - R, v = 1.750ft°/lbm

Solution

(a) The mass flow rate of R-22 may be determined from an energy balance on the evaporator to
be (see Figure 3.24a)

Or = i(hy — hy) — 320/60 Btu/s = m(169.82 — 102.67) Btw/lbm —> i = 0.0794 Ibm/s
The volume flow rate at the evaporator inlet and outlet are
Vi = vy = (0.07941bm/s)(0.5332 ft'/lbm) = 0.04235 ft'/s = 2.54 ft*/min
Vy = niwy = (0.07941bm/s)(1.750 ft*/lbm) = 0.139 ft’/s = 8.34 ft*/min
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(b) The entropy generation and the exergy destruction are

Sgen = rm(s2 — §1) — %
5.33 Bt/
= (0.0794 Ibm/s)(0.4276 — 0.2776) Btu/lbm - R — WRS = 0.001073 Btu/s - R

Exdest = ToSgen = (537 R)(0.001073 Btu/s - R) = 0.576 Btu/s

The exergy decrease of the refrigerant as it flows in the evaporator is
Ex) — Exz =m(hy — h2) —mTp(s) — 52)
= 5.33 — (0.0794 1bm/s) (537 R)(0.2776 — 0.4276) Btu/lbm - R
= 1.06 Btu/s

The exergy efficiency is then

E xges 0.576
fexuap = 1= 2= "_"ebf:xz =1- =2 = 0458 =458%
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3.8 Throttling Devices

In practice, throttling devices, called either expansion valves or throttling
valves, are used to reduce the refrigerant condensing pressure (high
pressure) to the evaporating pressure (low pressure) by a throttling
operation and regulate the liquid-refrigerant flow to the evaporator to match
the equipment and load characteristics.

The most common throttling devices are as follows:
« thermostatic expansion valves,
e constant pressure expansion valves,
» float valves, and
« capillary tubes.

A practical refrigeration system may consist of a large range of mechanical
and electronic expansion valves and other flow control devices for small-
and large-scale refrigeration systems, comprising thermostatic expansion
valves, solenoid valves, thermostats and pressostats, modulating pressure
requlators, filter driers, liquid indicators, non-return valves and water valves,
and furthermore, decentralized electronic systems for full regulation and
control.
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Thermostatic expansion valves

The thermostatic expansion valves are essentially reducing valves between
the high-pressure side and the low-pressure side of the system.

These valves, which are the most widely used devices, automatically
control the liquid-refrigerant flow to the evaporator at a rate that matches
the system capacity to the actual load.

They operate by sensing the temperature of the superheated refrigerant
vapor leaving the evaporator.

For a given valve type and refrigerant, the associated orifice assembly is
suitable for all versions of the valve body and in all evaporating
temperature ranges.

1. Temperature sensor
2. External equalizer Figure 3.22
3. From condenser
4. To coll

An electronic
expansion valve

67



Constant pressure expansion valves

The constant pressure valve is the forerunner of the thermostatic
expansion valve.

It is called an automatic expansion valve due to the fact that it opens
and closes automatically without the aid of any external mechanical
device.

These expansion valves are basically pressure regulating devices.
These valves maintain a constant pressure at outlet.

They sense and keep the evaporated pressure at a constant value by
controlling the liquid-refrigerant flow into the evaporator, based on the
suction pressure.

Refrigerant flows at a rate that exactly matches compressor capacity.
Their applications are limited because of the constant cooling load.
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Float valves

These valves are divided into high-side float valves and low-side float
valves.

They are employed to control the refrigerant flow to a flooded-type liquid
cooler.

A high-side float valve is located on the high-pressure side of the
throttling device.

It is used in a refrigeration system with a single evaporator, compressor,
and condenser.

A low-side float valve is particularly located on the low-pressure side of
the throttling device and may be used in refrigeration systems with
multiple evaporators.

In some cases a float valve operates an electrical switch controlling a
solenoid valve which periodically admits the liquid refrigerant to the
evaporator, allowing the liquid level to fluctuate within preset limits.

69



Capillary tubes

* The capillary tube is the simplest type of refrigerant flow control device and
may be used in place of an expansion valve.

« The capillary tubes are small-diameter tubes through which the refrigerant
flows into the evaporator.

« These devices, which are widely used in small hermetic-type refrigeration
systems (up to 30 kW capacity), reduce the condensing pressure to the
evaporating pressure in a copper tube of small internal diameter (0.4—-3 mm
diameter and 1.5-5 m long), maintaining a constant evaporating pressure
independently of the refrigeration load change.

» These tubes are used to transmit pressure from the sensing bulb of some
temperature control device to the operating element.

« Acapillary tube may also be constructed as a part of a heat exchanger,
particularly in household refrigerators.

« With capillary tubes, the length of the tube is adjusted to match the
compressor capacity.

» Other considerations in determining capillary tube size include condenser
efficiency and evaporator size.

» Capillary tubes are most effective when used in small capacity systems.
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* Energy and Exergy Analysis of Throttling Device

Throttling devices are used to decrease pressure of a fluid. In a vapor-
compression refrigeration cycle, the refrigerant enters the throttling valve as
a liquid and leaves as a saturated liquid—vapor mixture (Figure 3.27). The
conservation of mass principle requires that

mp; = my

1 2
—I*gé—l—»

Figure 3.27 The schematic of a throttling valve considered for mass
and energy analysis.
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« Then the steady-flow energy balance

mh, =mh, ) h-n

enthaipy  hy=h, NEEp U, +Rv,=U, +Py,

Sin—sout+sgen :Assys =0
an entropy balance on the Sgen = Sou—Sin
throttling valve | | |

Sgen =MS, —MS,

=m(s,-s,)

The exergy destruction - . . .
in the throttling valve EXaest =Ty Soen =MTy (S, —5,)
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The exergy destruction can also be determined by writing an exergy
balance on the condenser:

EXin— EXout— EXdest =0
EXdest = EXin— EXout
EXdest — EXl— EXZ

=m[h—h,-T,(s,-5,)]

0 Exdest Exl— EXz
‘ Mexpvap = . =l-—=l-—
Exi— EX2 Exi— EX2 Exi— EX2

Note that there is no exergy recovered in an expansion valve, and thus
the exergy efficiency is zero.

The exergy efficiency of
the throttling valve

74



Example 3.4

Refrigerant-134a enters the throttling valve of a heat pump system at 800kPa as a saturated liquid
and leaves at 140 kPa. Determine (a) the temperature of R-134a at the outlet of the throttling valve
and (b) the entropy generation and the exergy destruction during this process. Take Ty = 25 °C.

Solution

(a) The properties of refrigerant at the inlet and exit states of the throttling valve are (from
Tables 3-5)

P, = 800kPa } hy=95.47kJ/kg

x1:=:10 s1 = 0.35404 kJ/kg - K

P, = 140kPa Tr= —18.8°C
hy = hy = 95.447kJ/kg | s2=0.3797kl/kg-K

(b) Noting that the throttling valve is adiabatic, the entropy generation is determined from
Sgen = 52 — 51 = (0.3797 — 0.35404) kJ /kg - K = 0.0257 kJ/kg - K
Then the irreversibility (i.e., exergy destruction) of the process becomes

eXdest = T0Sgen = (298 K)(0.0257 kJ/kg - K) = 7.65 kJ/kg
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3.9 Auxiliary Devices

Accumulators

It is well known that compressors are designed to compress
vapors, not liquids.

Many refrigeration systems are subject to the return of
excessive quantities of liquid refrigerant to the compressor.

Liquid refrigerant returning to the compressor dilutes the all,
washes out the bearings, and in some cases causes complete
loss of oil in the compressor crankcase.

This condition is known as oil pumping or slugging and results
In broken valve reeds, pistons, rods, crankshafts, and the like.

The purpose of the accumulator is to act as a reservoir to
temporarily hold the excess oil-refrigerant mixture and to return
it at a rate that the compressor can safely handle.

Some accumulators include a heat-exchanger coil to aid in
boiling off the liquid refrigerant while subcooling the refrigerant
in the liquid line, thus helping the system to operate more
efficiently.

Figure 3.24 An
accumulator




Receivers

If the condenser does not have sufficient space to accommodate the entire
refrigerant charge of the system, a receiver tank should be provided.

The amount of refrigerant required for proper operation of the system
determines whether or not a receiver is required.

In practice, when proper unit operation requires approximately 3.6 kg or more
of refrigerant, the use of a receiver is essential.

Receivers are required on refrigeration systems which use an expansion valve
for refrigerant control.

The receiver provides a place to store the excess refrigerant in the system
when the expansion valve restricts the flow to the evaporator.

Receivers are not required, however, when using a capillary metering system.

Figure 3.25
Receivers. (a)
Horizontal design. (b)
Vertical design.




Oil separators

* Oil separators provide oil separation and limit oil carry-over to
approximately 0.0003-0.001% of the total amount of refrigerant,
depending on various system characteristics, e.g. operating conditions,
refrigerant, start/stop and load/unload frequency, etc.

» These separators are normally used for a large variety of refrigerants, e.g.
ammonia, R-134a and propane.

* Note that all the separators require the mounting of an external float
assembly to control return from the separator to the compressor.

Figure 3.26 A coalescing oil separator
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Strainers

Strainers remove foreign matter such as dirt and metal chips from the
refrigerant lines.

If left in the system, unwanted matter could clog the small orifices of the flow-
control devices and check valves and also enter the compressor.

Various types are available such as straight-through sealed type, cleanable
angle type, and the cleanable Y type.

Driers

In refrigeration systems, moisture is the single most detrimental factor in a
refrigeration system.

A unit can stand only a very small amount of moisture. For this reason, the
majority of both field- and factory-assembled refrigeration systems are
equipped with driers.

Some factors influence the selection of the correct size of drier are

» type and amount of refrigerant,

« refrigeration system tonnage,

* line size, and

« allowable pressure drop.
When the refrigerant type, line size, and equipment application are known,
the drier is generally selected on the basis of recommended capacities,
which take into account both drying and refrigerant flow capacity.



Check valves

Check valves are used for two essential goals:
» to cause the refrigerant to flow through the flow-control device and
« to allow the refrigerant to bypass the flow-control device.

These valves are installed in a loop that bypasses the flow-control device
and only open when pressure is exerted in the right direction.

In operation, the refrigerant pushes either against the valve seat to close it
tighter or against its face to cause it to open and allow refrigerant to pass
through.

These valves are usually spring loaded and will open when the pressure
difference on the seat reaches about 100 to 135 kPa.

Solenoid valves

Solenoid valves are extensively used in all types of refrigeration
applications.

These valves are employed as electrically operated line stop valves and
perform in the same manner as hand shut-off valves.

These valves are convenient for remote applications due to the fact that
these are electrically operated and controlled easily. 80



Defrost controllers

A defrost controller with timer operates various control valves and fan
relays to quickly and efficiently remove frost and ice accumulation from
evaporator surfaces.

There are four easy-to-set defrost steps:

* pump out,

* hot gas,

 equalize, and

- fan delay.

This controller uses reliable, solid-state electronics with a precision
quartz time clock and time interval adjusting slide knobs to sequentially
operate through the four steps for smooth defrosting.

Figure 3.27 A
defrost controller
with timer
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KOMPRESORLER

Kompresorler sogutma sisteminin kalbi olarak ele alinabilir.

Sogutucu akiskanin ¢evrim boyunca dolastirilarak soguk kaynaktan sicak
kaynaga isi iletimi kompresorler yardimi ile meydana gelmektedir.

Yani kompresorler , sogutma devrelerinde buharlastiricida bulunan algak
basingta buhar halindeki sogutucu akigkani emerek daha yuksek basingta
olan yogusturucuya gonderen is yutan makinelerdir.

ideal bir kompresérde su 6zellikler aranir:

« Ilk harakette ddSnme momentinin mimkin oldugunca az olmasi
 Degisik calisma sartlarinda emniyet ve guvenligi muhafaza etmesi,
«  Omrinin uzun olmasi ve daha az calismasi,

«  Titresim ve gurultd seviyelerinin kismi ve tam yuklerde ve degisik
sartlarda belirli seviyenin Ustune ¢ikmasi,

« Daha az glc¢ harcayarak birim sogutma degerini saglayabilmesi,
Maliyetin mumkun oldugunca az olmasi,

*  Verimlerinin kismi yuklerde de dismemesi
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Yapisina Gore Kompresorler

3.1.1. Rotarh Tip Kompresorler:

Kucguk sogutma sistemlerinde kullanilan bu kompresor, bir silindir icerisinde
kacik eksenli olarak donen bir pistondan ibarettir. Supab tertibati
yoktur.Hacim sikistirmali kompresorlerdir. Ev tipi buzdolaplarinda, derin
dondurucu ve split ve pencere tipi klimalarda, ve otomobil klimalarinda
kullanilirlar. Kanatli tipler, bigakli tipe gore daha yuksek kapasiteler icin
uygundur. 4-450 kW arasi uretilirler. Kanat sayisi 4-16 degisir.

Bicakli ve kanath olmak uzere iki tipte imal edilirler.

Basma
Emme
S
-\'\
;;gak Sekil 3.1 Bigakl tip rotorlu tip
% kompresor
Rotor
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Paletli tip rotorlu kompresor

Kanatlar
(Paletler)

R INET




1-Gévde 2-Odacik 3-Palet 4-Gébek 5-On kapak 6-Arka kapak 7-
Diisiik basing odacigi 8-Yiiksek basing odacigi 9-On kapak giris
yeri 10- Kanal 11- Kanal ¢ikisi 12-Vida 13- Valf 14- Termal kontak
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Pistonlu Tip Kompresor Pistonlu kompresorler 6zellikle buhar

yogunlugu ve yogusma basinci yuksek
olan sogutucu akigkanlar i¢gin kullanilir.
Ornegin R-22, R-407c, R-134a.

Bir silindir icerisine gidip , gelme
hareketi yapan bir pistonla sikistirma
islemi yapan bu tip kompresorlerde ,
tahrik motorunun donme hareketi bir
krank- biyel sistemi ile dogrusal
harekete cevrilir. Bu tip
kompresorlerde , buhar haldeki
sogutucu akiskani cekmek igin silindir

B "J"“"
emme — -‘-‘
’ _"A v

icerisindeki pistonun asagi dogru
hareketi ile birlikte emis vanalari acilir.
Buhar haldeki sogutucu akigkan
pistonun yukari dogru hareketiyle
sikigtirilir ve silindir icindeki basing,
yogusma basincinin biraz Uzerine
ciktiginda akiskan digari atél7|r.



Pistonlu kompresorlerin avantajlari:
Pistonlu kompresorler her cesit
motorla tahrik olabilirler.

Devir sayisi kayis kasnak ve benzeri
sistemlere ayarlanabillir.

Motor uzerinden kisa devre olarak
sogutma deresinde kirlenme olmaz
Tahrik motoru ariza yapica hemen
degistirilerek, calisma aksatiimaz.
Imalat kalitesi ¢ok iyidir .

Dezavantajlari :

Sogutma devresinde , motorun isi
kayiplari geri kazanilmaz . Isi
pompalari acisindan onemli bir faktor
oldugu unutulmamalidir.

Sivi darbelerine kargi diger
kompresorlere nazaran daha az
mukavimdir.

Sogutucu akiskan kacaklari meydana
gelir ve bu cok 6nemli bir mahzufdur



Vidali ( Helisel ) Kompresorler

Vidali kompresorlerde, disleri birbirini saran iki sonsuz vidadan bir tanesi
digerini hareket ettirerek gazi sikistirir. Emme deligi acikken rotorlarin
donmesi ile gaz emilir ve emilen gaz vidalar arasindaki gittikce daralan
boslugu, rotor boyunca doldurduktan sonra emme deligi kapatilir. Rotorlar

donmeye devam ederek aradaki gazi sikistirir.

Erkek rotor
Sikistirma bolgesi

Emme bolgesi Disi rotor
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Calisma prensipleri ¢cok basit oldugundan vidali kompresorlerin tamir ve bakimi
kolaydir, dmurleri uzundur. Diger kompresor tiplerine gore daha az yer kaplar,
daha az titresim yapar, kayis kasnak olmadan tahrik sistemine baglanirlar. Hareket
eden pargalarin sayisi az oldugundan mekanik verimleri dolayisiyla toplam
verimleri yiksektir. Chiller gruplarinda ve Ozellikle ucak kabinlerinin
iklimlendirilmesi icin kullanilir.

4 " A:Emme
W B:Sikistirma
C:Bosaltma

. Vida rotor

. Digli rotor A
. Muhafaza

. Emme gazi

. Digli rotor B
. Tahliye portu

O hAhWDNE
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Bir vidali kompresorde, kompresor ve motor birbirinden ayrilmistir ve bu
nedenle bir aks veya V-kayisi ile baglanirlar. Kompresor ve motor ayri oldugu
icin, kompresorde sogutucu olarak amonyak kullanilabilir. Sogutma
sistemlerinin sogutma cikisi, kompresor performansi ayarlanarak
duzenlenebilir. Bir vidali kompresor, %100'den neredeyse %0’a kadar
sorunsuz sekilde ayar yapilmasini sagladigi i¢in, sogutma sistemlerinin
dlizenlenmesi icin olduk¢a uygundur.

Turbo ( Santrifuj ) Kompresor
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Bu kompresorlerde sikistirma donen cark ¢evresindeki kanatlar ile saglanir. Bir
carkta yaklasik 1.2 oraninda sikigtirma saglanabildiginden buyuk sikistirma
oranlarinda, art arda ¢ok sayida ¢ark kullanmak gerekli. Cok fazla ¢ark sayisi
istenmediginden dolayl kademeli kompresorler kullanilir.

Turbo kompresorler dusuk basingli ve yuksek debili sistemlerde kullanilir.

Santrifij kompresorlerin avantajlari
sunlardir:

Titresim yoktur,

Gaz akisi sureklidir,

Sogutma devresinde yag kacgigi olmaz,
%20 ile %100 arasinda gug ayari
yapilabilir,

imalat kaliteleri iyidir,

Kucuk olmalari nedeniyle , fiyatlari daha
ucuzdur.

Dezavantajlari:

Sikistirma orani dusuktur,

Cok yuksek gucler icin uygun degildir,
Motor tarafindan aciga cikarilan i1sinin geri
kazaniimasi miimkiin degildir. =




Scroll ( Spiralli ) Kompresor

Spiral kompresorler, spiral seklinde i¢ ice gecmis iki eleman ile sikistirma
yapan, yorungesel hareketli, pozitif yer degistirme makineleridir.

Buharin girisi, scroll’'un dis
kenarindan olurken , cikis
sabit scroll’'un merkezinden
olmaktadir.scroll
kompresorler, pistonlu
kompresorlerden nazaran
daha az hareketli parcaya
sahiptir. Bu yuzden daha
sessiz calisir.

93



Tahrik Mekanizmasina Gore
Hermetik Kompresor:
Kompresor ve elektrik motoru ayni kabin igerisindedir.

Yari hermetik Kompresor:
Kompresor ve elektrik motoru ayni kaplarda ve direk baglantilidir.

Acik Tip Kompresor:

Elektrik motoru ayri ve kompresor ayridir.
Kayis kasnak, digli veya kaplin ile baglanti
yaplilir.
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KONDANSERLER (YOGUSTURUCULAR)

Sogutma sisteminin temel elemanlarindan biri olan yogusturucular, yuksek
basing ve sicakliktaki kizgin buhar haldeki sogutucu akiskanin isisini dig
ortama vermek suretiyle sivi hale gelmesini saglayan bir elemandir. Yani
buharlastiricida aldigi isi ile buharlasan ve kompresorde sikisma islemi

sonucu sicakligl ve kizginligi artan sogutucu akiskan burada sivi hale gelir.

Yogusturucular sistemin yuksek basing tarafina monte edilirler.

Yogusturucunun is1yi sicak sogutucu akiskan buharindan soguk ortama
atabilme kabiliyeti, yogusturucu kapasitesi olarak adlandirilir.

Yogusturucunun isi transfer kapasitesi agsagidaki dort faktore
baghdir:

Yogusturucunun yapiminda kullanilan malzemeye,

Yogusturucu yuzeyi ile yogusma ortami arasindaki temas alanina,
Yogusma ortami ve sogutucu akiskan buhari arasindaki sicaklik farkina ,
Yogusturucunun temizligine.

95



Yogusturucu, buhar icindeki isiy1 ilk olarak yogusturucu tuplerinin cidarlarina ve
sonra tuplerden soguk ortama transfer ederek uzaklastirir. Soguk ortam hava, su
ve bu ikisinin bir kombinasyonu olarak karsimiza c¢ikabilir. Sekilde de goruldugu
gibi bu 1s1 aligverisi U¢ ana bolgede meydana gelmektedir:
Kizginligin alinmasi i8 yogusturucu dizaynina bagl olarak yogusturucu
alaninin %5 ‘i kullaniimaktadir. )
Yogusma ( yogusturucu alaninin yaklasik % 85 ‘ i kullaniimaktadir. )
Asiri sogutma ( yogusturucu alaninin %0- 10 ‘u kullaniimaktadir. )

Sicakhk
F 3
r*—:n, EirG \
I Su, cikig : : -h' T -I_E.-“‘-.J cikig
. f
e e Tovene
i _ | [ Tsu, 2irls
! Su veya Hawva b
_5_ ; -
i Kondenser uzunlugu, ylzeyi
b4 ¥ -
Kondenser Kondenser Kondenser
alaminda %551 alaninda %GBE5"i alarninda %%5-10'u
kizgin doymus sividan asin
bubardardan buhardardan sogutulmusg sivi
doymus buhara doymug s hale gelme
gelme gelme (sabit
sicaklik) 96




Isi verilen ortama gore yogusturucular ikiye ye ayrilir:

a) Hava Sogutmali Yogusturucular

Ozellikle 750 W kadar olan kapasitedeki sogutma gruplarinda istisnasiz denecek
sekilde kullanilir. Bu tip yogusturucularin tercih sebepleri , basit oluslari, kurulus ve
isletme masraflarinin dusuklugu ,tamir ve bakimlarinin kolaylhgi sayilabilir.

Hava sogutmali yogusturucular genellikle kanatli borulu olarak imal edilirler.
Borunun icinde sogutucu akiskan , disinda ise hava gecer.

Bu tip yogusturucular daha ziyade kuguk sogutma yuklerinde yeterli miktarda
sog‘jutma suyu bulunmayan durumlarda kullanilir.

..... wijuinen akigkan
} 172310 bahar

_-I-I-,BL‘I—---
— —
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[-dl-—la ;--EQ-

v—{ ¢ 14'*1' j[-]
..... v akigkan
["'k’"""" \'"'""' LWL 211

-z—m-ﬁlmu‘—u-_— 2
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b) Su Sogutmali Yogusturturucular

Su sogutmali yogusturucularda sogutma ortami olarak su kullanilir. Ticari ve
endustriyel sogutma sistemlerinde su sogutmali yogusturucular , hava sogutmali
yogusturuculara gore daha yaygin olarak kullantlir.

Cunku su sogutmali yogusturucular ayni kapasitedeki hava yogusturuculardan
daha kucukturler ve bu yuzden daha az yer kaplarlar

Kizgin sogutucu akigkan

‘ Su

= Sojutma suyu gikig

>

3 Sogutma suyu girig
‘

Doymus sivi sogutucu akigkan
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Soguk su drelici
gruplar ve sogutma
sogutucu akiskanin
yogusturulmasinda
ve IS1 pompalarinda
sicak su dretiminde

kullaniliriar.
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kompresor basma hattina
A

sogutma kulesi
| : . — -
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< > - kondenser
| hazne I 11 \@—'_" 2

— ——
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sogutucu buhan girigi
perde i kondenser borulari
s
su ¢ikisi \\ % -C'If >
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_ su kutusu
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Bir su sogutmali yogusturucu, hava sogutmali yogusturuculara gore daha dusuk
yogusma sicakligina sahiptir. Cinku temin edilen su sicakhgi normalde cevre
havasi sicakligindan dusuktar. Bu yuzden bir su sogutmali yogusturucu icin
kompresor, ayni kapasite icin daha dusuk beygir guctine gereksinim duyar.

Kondenser Tipleri

ic ice (Cift ) Borulu Kondenserler

Daha klcuk kapasiteler icin paket tipi cihazlarda kullanilan bu tip
yogusturucular hem klima , hem de soguk muhafaza uygulamalarinda
kullaniimaktadir. Bu yogusturucularda icteki boru iginde su disinda ise
sogutucu akigkan bulunur.

.@ Sogutucu akigkan girig
$ Su girig

‘.N $ Sogutucu akigkan gikig
= sugciay 102



ic ice borulu tip yogusturucular
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Daldirmali Tip Kondenserler

sogutucu akigkan girig 1 |l sogutucu akigkan gikig

sicak su gikig

// Bakir boru-coil

Su ﬁ: soguk su girig

sogutucu akigkan giris  sogutucu akigkan gikig

sicak su gikig ‘ sogutucu akigkan girig

sicak su gikig

/ Bakir boru-coil

sogutucu akigkan gikig

Bakir boru-coil

d SOQuK su girig

soguk su girig
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Buharlastirmali ( Evaporatif ) Tip Kondanser

Hava ve suyun sogutma etkisinde birlikte faydalanma esasina dayanan bu
yogusturucular bakim ve servis guclukleri , cabuk kirlenmeleri ve sik sik araziye
musait oluglari nedeniyle gittikge daha az kullaniimaktadir.

[ PO T N sl

M SLTRAT SRLi~v Ly

105



Govde Borulu Kondanserler

Sogutucu akigkan girig

:

Su gikig Sogutucu akigkan gikig
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Sogutma Kuleleri

Su sogutma kuleleri, sistemden gelen sicak suyun dolgu Uzerine puskurtilmesi
ile 1sinin atmosfere verilerek ortamdan uzaklagmasi ile soguma saglayan
sistemlerdir. Sogutma kulesi bir 1s1 uzaklastirma Unitesidir. Icinden gegen suyun
bir kisminin buharlagmasini saglayarak sistemdeki istenmeyen i1si1y1 atmosfere
verir. Kalan su ise istenilen derecede sogur. Sicak bir nesnenin Uzerine su
dokulerek sogudugunu dusunun. Islak bir ylUzeyin sogumasi kuruya oranla ¢ok
daha hizhdir. Ayni sekilde, su sogutma kulesi de, kuru tip 1s1 uzaklagtirma
unitelerinden ¢ok daha etkilidir. Su sogutma kulelerinin yaygin kullanim alanlari
arasinda klima sistemleri, Uretim tesisleri ve enerji santralleri vardir.

Hava Cikigi Hava Cikigi
T Fan T : Fan
—| pom—— 'y
== w [ .
« Su s \ Hava ... T, Girigi
PP —— Girigi ) TP
' Al VA A s S
al‘llA | ::; _J §
f' Hava S 5 - Hava
Hava i ‘ Girigi” J° | s [ Y Girisi
Girigi o b /4— Hava Y7 \
: Girigi
Su
* Cikisi —» Su

Hava girisi Cikist



kule fani

tgk

damla tutucu

|- bina su sebekesine

oreer_ 6664546554
dolgu_ |lin iy [ /doldurma muslugu
hava girisi [Tu T / |
haznew‘;ﬂe e 1l
fazla su fﬂ y(lz:r valf
tahliyesi 5
pislik tutucu

Sogutma kulesi se¢iminde
asagidaki belirtilen verilerin
onceden bilinmesi
gerekmektedir:

Sogutulacak su debisi veya
kule kapasitesi

Sogutulacak su girig sicakligi
Sogutulacak su ¢ikis sicakligi

Ortamin dizayn yas termometre

sicakhigi
Kullanilacak suyun analizi
Deniz seviyesinden yukseklik

su sogutmali kondenser
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Su Sogutma Kulelerinin Siniflandiriimasi

1-Dogal cekisli ve zorlanmig(cebri) cekisli olarak siniflandirilabilirler.

2-Hava ve su akisinin durumuna gore karsi akisgli ve ¢apraz akisli su sogutma
kuleleri siniflandirilabilirler.

3-Bunun disinda kullanilan fana gore radyal fanli veya eksenel fanl su
sogutma kulesi olabilir.

Su kulesinde temel elemanlar
1-fan
2-dolgu malzemesi (tahta veya plastik (pvc))

3-damla tutucu
4-su haznesi | | su girisi
5-ana govde | =5 TR
damper — .. rﬁ 'H i ¢.,r3 -~
~ iy :r,' Iu]eleﬁ h | --:-.f;. =
‘ : |f I||l$ llilﬁqllrlf ”II‘III I‘i]' IJ‘_,,_ hava ¢|k|$'
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*.Ill 'III,L"”;L;' Ehu"
23 I
'slml“ 1!!.* t "1
S o i A
islemli su :i';'[,l"' B f
> =|$Yamandra ' ||
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soguk su su ¢ikigi
L |
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Fresh Air System
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Exchange
Surface

Make Up ] LB
Water

Cebri Cekisli Su sogutma kulesi
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hava gikisi

t‘:&'i S/ damlia tutucu

LJfan/
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Zorlanmig Cekisli Su Sogutma Kulesi
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Eksenel Fanli Su Sogutma
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EVAPORATORLER (BUHARLASTIRICILAR)

Bir sogutma sisteminde Evaporator, doymus sivi-buhar karisimi olarak giren
sogutucu akiskani en az doymus buhar veya kizgin buhar olarak ¢ikmasini
etraftan i1s1 cekerek saglayan bir 1s1 degistiricisidir. Sogutucu akiskanin
buharlasarak, sogutulmak istenen ortamdan 1sinin gekilmesini saglayan
elemanlardir. iklimlendirme ve sogutma sistemlerinde genellikle sogutulan
ortama yerlestirilir.Sogutucu akiskan buharlasma basincinda oldugu icin
sogutulmak istenen ortamdan 1sI gcekerek buharlasir ve sogutma elde edilir.
Kisacasi sogutmanin yapildigi kisimdir.
kansimindala soguiucu
alaskan gE'l'I]E$I'I‘I.E: At b T e e

valfinden ge¢erek ¢ N Evaporator yiizeyinde 151
evaporatire girer. wf' G i birakarak sogumus hava
rtamdan Chavadan) ve

.::»:: "\portamdali maddelerden

Tabii veya cebri fi 261 cekerek sofuima Igind
A gu- liuu

yolla (fan '_.gen;eklestirecektir.

kullanarak) -7\

evaporator

viizeyvinden

sofutulmalk iizere Buhar R

gecirilen ortam Soguima igini tamamlanmis ve tamamen buhar haline doniismiis

havasi sogutucu alaskan emme hathna erdanda yeniden ¢evrime

katlmak iizere kompresore hareket der.



Evaporator cesitleri

Ciplak Borulu Evaporatorler

10-22 mm capinda galvaniz kapli bakir veya celik borulardan yapilirlar. Borular
serpantin seklinde kivrilarakbu tur evaporatorler yapilir. Buyuk kapasiteli sogutma
yuklerinde ve Amonyakli sistemlerde kullanilir.
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Levhali Tip Evaporatorler

Iki levha Uzerine karsilikli olarak pres baski yolu ile oyuklar acildiktan sonra bu
levhalar Ust Uste kaynatilir, boylece arada kalan oluklarla bir buharlastirici
serpantini olusturulmus olur. Buzdolabi ve vitrin tipi sogutucularda kullanilir.
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Kanatc¢ikli Evaporatorler
Hava sogutmak icin kullanilirlar.

Bakir boru

Aliminyum kanatgik
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Lamelli Evaporatorler

Serpantin seklinde kivrilmis borular Gzerine , yuzeyi arttirmak icin kanat
yerine ¢gubuklar kaynatmak suretiyle yapilir. Daha ziyade kuguk sogutma
yukleri icin bahis konusudur. K degerleri 5- 9.5 kw/m2.K arasinda degisir.
Yuksek degerler zorlanmig tasinima ve bakir boru ile aluminyum gubuk gibi
iyi iletken malzemeden yapilmis buharlastiriciya aittir. Kiguk egerler ise
tersine olarak dogal tasinim ve ¢elik-celik buharlastiricilar icindir. Ayrica
sogutma sicakligl dustukce K degerinin azalacagida goz onunde tutulmaldir.
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