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Refrigeration Principle
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Refrigeration Principle
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Evaporator

J The evaporator must be cooler than the space temperature.

J The evaporator operates at a temperature below the dew point
temperature, so it causes moisture in the air — humidity — to condense out

of the air.



Condenser

A The component 1s responsible for rejecting heat from the system.

( The heat come from the space that 1s being cooled and from the heat
generated during the compression process.

I The condensing medium, which 1s usually air for split type system, must be

at a lower temperature than the refrigerant to allow heat transfer to occur




Compressor type for small and medium scale

1. Rotary
2. Scroll
3. Reciprocating, Piston




Compressor type for large scale

1. Piston
2. Screw
3. Centrifugal

SUCTION GAS INTO DISCHARGE GAS FROM
COMPRESSOR COMPRESSOR Outlet Pipe
(Discharge)
Compress
DISCHARGE Housing
VALVE
COMPRESSION
SUCTION CYLINDER
VALVE

Inlet Pipe
(Suction)
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Figure 2-13 Two identical scrolls that form crescent-shaped
Figure 2-12 Scroll compressor. Courtesy of Copeland pockets when nested together. Courtesy of Copeland Corporation.
Corporation.




Piston

A reciprocating compressor uses

pistons, cylinders, and valves to “COMPRESSOR . GOMPRESSOR
accomplish the compression of | DISCHARGE

VALVE

+— COMPRESSION
CYLINDER

the refrigerant. !

VALVE




Metering device / Expansion device
The component is responsible for reducing the pressure and
temperature of the refrigerant in the system.
dCapillary tube / Thermostatic expansion valve

Capillary tube...fixed bore device...
cannot adjust the refrigerant flow

Thermostatic expansion valve (TXV)
] designed to maintain a constant evaporator presstirg™ ™«

U operates on a needle-and-seat concept




Thermostatic expansion valve (TXV)

THERMAL BULB IS MOUNTED
SECURELY TOTHE OUTLET
OF THE EVAPORATOR COIL

DIAPHRAGM

EVAPORATOR PRESSURE PUSHING
UP ON THE DIAPHRAGM COMES
(A) FROM THE INLET OF THE COIL

LT



Metering device / Expansion device

EXTERNAL EQUALIZING LINE
THERMAL BULB IS MOUNTED

SECURELY TO THE OUTLET
=3 OF THE EVAPORATOR COIL

THERMAL BULB IS MOUNTED
~~ SECURELY TO THE OUTLET

DIAPHRAGM

DIAPHRAGM

EVAPORATOR PRESSURE PUSHING
UP ON THE DIAPHRAGM COMES
FROM THE OUTLET OF THE COIL

EVAPORATOR PRESSURE PUSHING
UP ON THE DIAPHRAGM COMES
(A) FROM THE INLET OF THE COIL (B)

Figure 2-26 (A) An internally equalized TEV. The valve senses the evaporator pressure from the inlet of the coil. (B) An externally
equalized TEV. The valve senses the evaporator pressure from the outlet of the coil.



Metering device

Mechanic expansion valve Electric expansion valve
Capillary tube PWM ( Pulse-width modulation)

Mechanic expansion valve Electric expansion valve
Thermostatic expansion valve (TXV) Using stepper motor



PWM : Electronic expansion valve with pulsing
on-off actuator controlled by microprocessor via
PWM (pulse width modulation)
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EEV description
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refrigerant inlet

Driver

Pressure probe

Temperature probe ‘\ \]

Pressure and temperature
information
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Walve Opening %
3

0 B 12 18 24 30 20 42 48 o4 B0 B8 72 T8 84 00 98 102 108 114 120 128 132 1238 144 150 186

Electronic expansion valve with stepper motor
managed by microprocessor controller



Mechanical thermostatic expansion (TX) valves are low
cost, but they do not fully utilise the evaporator
surface area, and they require high liquid
pressure/head pressure at all times.

Electronic expansion valves provide better evaporator
superheat control and more stable system control.
Electronic expansion valves allow systems to run at
lower liquid pressure, which reduces power

consumption.
A 5°C reduction in condensing temperature can lead to

a 15 per cent power saving.



Comparison

EEV with PWM

EEV with stepper
motor

Super heat control

Approach to setpoint

Response time

Stable superheat only
by proportional
control

Inability to maintain
superheat as the
thermodynamic
condition change

Slow reaction to
change in conditions

Instable superheat
around the set point

Inability to maintain
superheat as the
thermodynamic
condition change

Slow reaction to
change in conditions

Stable superheat

Set point can be
reached when
thermodynamic
conditions

Fast reaction to
change in conditions
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Water Chiller

Air cooled Water cooled

Refrigeration Refrigeration
process process
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Cooling Tower
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Cooling Tower — cross section
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Gauge - i
pressure
and
Absolute TP rp—
pressure

20 kg/om® + 21.03 kg,/om?

atmospheric
—ie—

pressure 0 mmHg 0 kgy/ cm? + 1.03 kgf/CInz 760 mmHg

200 mmHg 560 mmHg
#
400 mmHg 360 mmHg
Absolute
Pressure Gauge Pressure
9 600 mmHg 160 mmHg
perfect
Y —— 760 mmHg 0 mmHg
f vacuum
Atmospheric absolute pressure = gauge reading + atmospheric pressure (1.03 kg/cm?)
Pressure
or
'* Vacuum absolute pressure = 760 mmHg - gauge reading
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Pressure gauge manifold




Courtesy of Robinair.

Gauge Manifold

The gauge manifold is probably the most use-
ful tool used by air conditioning service per-
sonnel. It is manufactured with two separate
gauges: one for the high-pressure side of the
system and one for the low-pressure side of
the system. The low-side gauge is color-coded
blue, and the high-side gauge is color-coded
red. The handles on the gauge manifold con-
trol fluid flow between the center hose and
the corresponding hoses on the manifold. It
enables the technician to read both saturation
temperatures and pressures within the system.
The low-side gauge also provides a means by
which the technician can read vacuum levels
in the system during the evacuation process.

manifold gauge

low side gauge (blue) high side gauge (red)

charging hose (blue)

charging hose (red)

charging hose (yellow)

compressor

vacuum pump

refrigerant container
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Pressure gauge manifold

Compound Gauge or Low Pressure f High Pressure Gauge
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Pressure gauge manifold
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Electrical current meter (Clip Amp.)
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U U freezing point
Celsius Fahrenheit

273 K =

295.2 K —
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— 0°C 32°F — - 492 R
— -17.8°C 0OF —{I— 460 R
-460°F
0K — absolute zero ke —(0 R—
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Environmental impact of

Our Generation

HCFCs

Greenhouse
(Gas Emissions: |

HCFCs, HFCs

Halocarbons : I

=)

Refrigerant

Next Generation

Threat
Ozone ||- to Life
Depletion on Karth

Transition to
HCFC-Free
Refrigerants

No Ozone

Depletion

Use of Energy
Efficient
Airconditioners

Global
Warming

Reduce Global
Warming



Ozone depletion potential

Sunrays :
UV + Visible

ozone layer

\
Visi}Ie‘ Rays -

11km
(6.6miles)

48km
(28.6miles)

Ozone absorbs UV radiation



Ozone depletion potential

CHCIF,
UV Radiation

A
oA /
oA ’
’
,' Cycle
I repeats
again

--_-.

S +

Chlorine
Radical

CHF,

Chlorine
Radical

Chlorine monoxide
E
0O ‘)
o N
Ozone x
(O) ‘

Oo Oxygen
’ molecule
(G,)

Chain reaction by HCFC -22



Ozone depletion potential

Consequences of damaging —The Ozone layer

7 o
u=

|
Vg

SUPPRESS BODY

EYE DAMAGE IMMUNE SYSTEM

AFFECT FISH AND

OTHER OCEAN
SKIN CANCER L IFE

1% ozone reduction causes
2% increase in cancer cases

1% increase in UV-B causes
10% decrease in food production



Global warming potential

Infrared
radiation
(IR)




ODP and GWP

' -‘ Infrared

radiation

Difference ,
3 Ozone Difference =
Ozor}e deple ik Radiative forcing S? la.r
depletion radiation
Atmospheric
lifetime

| Greenhouse gases




Environmental Characteristics

Refrigerant Li?et:?n(:ip(r:{:::s) obP (10ci)v¥:ar)
CFC (no more) | CFC-11 (Baseline ODP) 50 1 4000
HCFC-22 13.3 0.055 1700
HCFCs HCFC-123 1.4 0.02 93
HCFC-141b 9.4 0.11 630
HFC-134a 14.6 0 1300
HFCs HFC-245fa 7.3 0 820
R-32 - 0 675
HC-290 (Propane) - 0 3
HCs HC-600a (Isobutane) - 0 3
Cyclopentane - 0 3
R-404A - 0 3260
HEC Blends R-407A - 0 1770
R-407C - 0 1530
R-410A - 0 1730
Ammonia R-717 - 0 <1
CO2 R-744 - 0 1




HCFC Phase-Out Schedule -

TIMELINE

> 75% by 2010

» 90% by 2015

BASELINE PERCENTAGE
[ = = oo —_ —
= = = = = 2

= =
I I | I I I

=
I

Developed Countries

-15%

-15% (-90%)

-10% (-100%)

1989 200 2010 2015 2020 2025

YEAR

While allowing o.5 per cent for
servicing the period 2020-2030
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Four basic systems using mechanical refrigeration
are used for freezing and cold storage
1. Dry expansion system

Flooded system with natural circulation

2
3. Flooded system with pump circulation
4. Secondary refrigerant system



SENSING
L~ DEVICE

COOLER

D
CONDENSER COMPRESSOR )

RECEIVER

THERMOSTATIC”
EXPANSION
VALVE

Dry expansion system: Used in all the small installations and
in installations where there are not likely to be problems with

refrigeration distribution or the temperature fluctuations
induced by the cycling of the thermostatic expansion valve.



—
LEVEL
CONTROL ' ’ ' -
DEVICE ‘I.OW TEMPERATURE RECEIVER

f LIQUID AND

CONDENSER ()COMPRESSOR GAS RETURN

RECEIVER /
LIQUID TO

COOLER ~ COOLER

Flooded system with natural circulation: The flooded system gives a better heat
transfer than the dry expansion system since there is more liquid present in the cooler.

A flooded system also ensures better refrigerant distribution, therefore, they are
appropriate when there are a number of parallel circuits for the refrigerant flow.

The reservoir in a natural circulation system is situated above the coolers, therefore, it
is not suitable for widely separated multiple units.

The most appropriate application likely in fish freezing is with horizontal plate freezers
which are single units with a number of parallel circuits formed by the freezer plates.



_ LOW TEMPERATURE
~{~_ RECENER

) | 2 | uouip
1 AND
| Yy I\GAS
r -
CONDENSER COMPRESSOR
D
RECEIVER 1 | (

THREE COOLER SYSTEM

| oW TEMPERATURE LIQUID

PUMP
Flooded system with pump circulation:
Pump circulation allows a flooded system to be used with its advantage in good heat
transfer and refrigerant distribution, in a multiple unit system with the low-
temperature liquid reservoir situated, if necessary, away from the immediate vicinity
of the coolers.

An example of this kind of application is a number of vertical plate freezer units
supplied from a common liquid receiver sited in a separate engine room.



HEAT EXCHANGER

COMPRESSOR
CONDENSER
RECEIVER
T THREE COOLER CIRCUITS
PRIMARY -~ |
REFRIGERANT | SECONDARY REFRIGERANT
CIrRcuLATION ~ PUMP CIRCULATION

Secondary refrigerant system: This has all the advantages of a pump-circulated flooded system
without the need to have a pipework and cooler system suitable for the higher refrigerant
pressures. The system would therefore be appropriate when there is a high potential for leaks
such as on a fishing vessel. The primary refrigerant is confined to the condenser unit and heat
exchanger only, and this may be located in a separate engine room.

A secondary system also avoids the potential problems that may result from having a large
charge of a volatile refrigerant in a working space such as a factory floor or in a cold store
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Performance indicator

COP (coefficient of performance)

Cooling output at evaporator
COP= 5o P

Work input at compressor

EER (energy efficiency ratio)
Cooling output at evaporator (Btu/hr)

EER =
Work input at compressor (Watt)
kW/TR .
KW/TR = Work input at compressor (kW)
Cooling output at evaporator (TR)
where Qs ton of refrigeration

TR =1
TR = 12,000 Btu/hr =3.52kW =4.71 hp
watt = 3.4 Btu/hr

1
1
1
1 Btu =1.055 kJ



Performance indicator

An 1 TR refrigeration unit consumes 1,100 watt of electrical

power. Determine the coefficient of performance (COP), energy
efficiency ratio (EER), and kW/TR.

Cooling capacity = 1 TR = 3,520 watt = 12,000 BTU/hr

cop= Coolingoutput af evoporo’ro[ 3 520 watt

= =3.2
Work input at compressor 1.100 watt

Cooling output at evaporator (Btu/hr) 12,000 Btu/hr
EER = = =10.9

Work input at compressor (Watt) 1,100 watt

KW/TR = Work input at compressor (kW) _ 1.1 kW 1
Cooling output at evaporator (TR) 11TR
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RN | TD (gampiivies-gamglinaediEy)
GNWNS [ TD (Room Temp. — Evap. Temp.)
(%RH)

90 5

87 9.9

85 6

83 6.5

81 7

79 7.9

71 8

75 8.9

ANNZNNUSTEIe YRH Au TD
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gﬂgguun1ﬁaza1ﬂﬁ1wﬁa (Defrost)
1. Electric heater defrost

2. Hot gas defrost

3. Water defrost

4. Re-circulating air defrost



1. Electric heater defrost

3 rueunginesiisind o deg C iogeniudniles (0-4 deg C)

) Electric heater aﬂg’qaé‘ﬁ cooling coil @%mmmiazmmfm%mﬂ 4-6 12134
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2. Hot gas defrost

0 I9rueunginesiisind1 0 deg C W3ogenindniies (0-4 deg C)
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3. Water defrost
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4. Re-circulating air defrost
Y o a 9 A 1
U ld¥nugangiioanganii 0 deg C
 fiefananfmiviua timer 9xAan3INIUUD4 compressor UANAANVD cooling coil FIAIN 11U

A o 9y ¥ 3 A . .
!,WE)u16TﬂTﬁmeGluﬁENhlﬂazmﬂmml\m cooling coil

X Fan
r_
Suction Line ( : Evaporator
Giiti — £z
g3
9 5
w w
p—-
| —
Expansion Valve ®
[ ¢ ,) I
— ( ,) Condensor
Comprgssor C
. ( 3] Liquid Line
I Receiver y
: 00 O
|Magnet|c T — Program
Defrost
) M O_ Time
|  Hi-Lo Switch Control
Electric Supply




‘ﬁug 1M 51a0n1% Thermostatic expansion valve
D Evaporating temperature

L Pressure drop across valve
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Electrome
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Usz1HNve9 equalizer

. Y o < 3 A 12 a & Ly . . A
D Internal equalizer : mmzﬂmzuummmwmmmaﬂ‘nllmmimmﬁﬂm (Distributer) 1
MU0 cooling coil W30 single circuit

9
(Y

INUMIAAAINNL (Distributer) 9

J External equalizer : MINEAUTZUUANMENYIIA Ya)
MU0 cooling coil * ER multiple circuit
d msld expansion valve HUU external equalizer UNULLUY internal equalizer ua linene

. glz o 9 1 " a 4 é'l 1 o I~ Y
equalizer U 97114 ldansonuqumsa-dananiosearsinnudulasgn
aNADY

&

Internal Equalizer External Equalizer










uyy MOP / non-MOP

D MOP = Max operating pressure

D ’Jﬁ”)l,l,‘]J‘]J MOP gﬂaaﬂgguuuwzﬁai%’ﬁ’uizuuﬁﬁ compressor ‘ﬁﬁﬁummm motor Lgﬂﬂ’ijli@WUEN compressor éuﬁ’uq

O ndwwuil MoP 92iims charge a5 Tunszithe (butb) 1nTuSinaiiiesniimari s Mop duiu nddszaniisegn
Sivamsdanaziwansinnuiiughg cooling coil imanudugegammnils tefivedloaiu iy compressor Sunse
w1 tezinaanudenie

4 a ] 4 cs' (=
O néwwy Mop l9szeznanluns@sgairgiiag (pull down period) MnANM@MUDA 1L MOP
4 Y] 1
D 712U Y MOP 1HUIZNU cold room UINNI freezer room
F" ﬁf———ﬁ"'.

MOP Valve Non-MOP Valve

&

Non-MOP Valve

MOP Valve

_————

Sensor pressure (p)

>

Temperature (1)




%}Jﬁqmﬁ{]m% 314 (Evaporating temp.)

Evaporating temp = -10 deg C

Range N

Evaporating temp = -30 deg C

Range N / Range B

viouduuAuAguMTfLazABUL19AIT WU Loy | Range B

Y150

NoWIUUTLLAN freeze + storage WWUNMBLIUNULLDER

viauduiuAuAguTausiinIsitIaen Uosnss Range N (non-MOP)




Refrigerant

Range N
-40 —»+10°C

Range NM
~40 =——p-5°C

Range NL
-40—»-15°C

RangeB
-60—»-25°C

MOP-point in evaporating temperature t, and
evaporating pressure p,

+15°C/+60°F 0°C/+32°F -10°C/+15°F -20°C/-4°F
R22 100 psig/6.9 bar | 60 psig/4.0 bar | 35 psig/3.5 bar | 20 psig/1.5 bar
R 134a 55 psig/5 bar 30 psig/3.1 bar | 15 psig/2.1 bar
R 404A/R 507 | 120 psig/9.3 bar | 75 psig/6.2 bar | 50 psig/4.4 bar | 30 psig/3.1 bar
R407C 95 psig/6.6 bar 50 psig/3.6 15 psig/1.1 bar

v ' S A 1 Y
39819V INUAT MOP A19NU




Refrigerant
. Aq Yo . J A o 3 J Y 1
D Expansion valve ¥y refrigerant ANTUANUIZIYUNFIAUAZAINU llﬂJ’dﬁJTiﬂ
9 v Y A Y 3’, 1 Y a A 1
ch]ﬂmuﬂ‘L!llﬂ L‘L!’E]\W1ﬂﬂ1i‘]_liﬂ¢lﬂﬂ1 superheat ‘1]1ﬂ‘1/INT’§\N1u@jNﬁ@]ﬂJﬂTLL@lﬂﬂN
au (Uszwnnuazlsuaas lunsznz bulb A19nw)




wia1 pressure drop across valve
AP=Pc—Pe—-(AP1+ AP2+ AP3+ A P4+ AP5)

Tnad
A P = pressure drop across valve

Pc = condensing pressure

Pe = evaporating pressure
A P1 = pressure drop in liquid line

A P2 = pressure drop in line components
A P3 = pressure drop in vertical liquid line
A P4 = pressure drop in liquid distributor
A P5 = pressure drop in distributor tube



wia1 pressure drop across valve
AP=Pc—Pe—-(AP1+ AP2+ AP3+ A P4+ A P5)

Tnad
A P = pressure drop across valve

Pc = condensing pressure

Pe = evaporating pressure
A P1 = pressure drop in liquid line = 0.1 bar

A P2 = pressure drop in line components = 0.2 bar
A P3 = pressure drop in vertical liquid line

A P4 = pressure drop in liquid distributor = 0.5 bar
A P5 = pressure drop in distributor tube = 0.5 bar

AP=Pc—-Pe-13-AP3



Static pressure drop, A p3 bar

at height difference h

Refrigerant between evaporator and receiver
6m 12m | 18 m 24m | 30m
R22 0.7 1.4 2.1 2.8 3.5
R 134a 0.7 1.4 2.1 2.8 3.6
R 404A 0.6 1.3 1.9 2.5 3.2
R507 0.6 1.3 1.9 2.5 3.2

Vertical liquid line factor




maag1anisiaan expansion valve
d Cold room ivaudndszinn Beverage, room temp = +7 deg C

Refrigerant R22

Cooling capacity 2.5 TR =9 kW
Evaporating temp =0 deg C
Condensing temp = +45 deg C

Cooling coil : Multi circuit 6 sections
Evaporator atjgenin Condensing unit 6 wns

DOoO000 0



Multi circuit.............. External equalizer

Evaporatingtemp=0degC.................. Pe =4 bar
Condensing temp = +45 deg C................. Pc=16.1 bar
R22, height diff. = 6 m.................. AP3=0.7 bar

AP=Pc-Pe-13-AP3 =16.1-4-1.3- 0.7 =10.1 bar
A P =10.1 bar, Cooling capacity 9 kW ............ DTU 08, 10 bar



Capacity

R-22

Capacity in kW for range N = —40 =+ 10°C and Opening Superheat OS = 4 K

Type Orifice Pressure Drop across valve Ap; Bar
Number 2 4 6 8 10 12 14 | 16
Evaporating Temperature 0°C
00 0.40| 0.50 | 0.56 | 0.60 | 0.63 | 0.65 | 0.67 | 0.67
01 0.55| 0.71| 0.80| 0.86 | 0.91 | 0.93 | 0.95 | 0.96
02 073| 1.0 | 1.1 | 1.2 |13 |13 |14 |14
03 10 | 1.3 |15 | 17 |18 |18 |19 |19
04 15 | 20 | 23 | 25 |27 |28 |28 |28
DTU 05 20 | 27 | 381 | 34 |35 |37 |38 |38
06 31 | 40 | 46 | 50 |53 |55 |57 |58
07 41 | 54 | 62 | 67 |71 |74 |76 |77
08 6.1 | 80 | 9.2 | 10.1 | 10.6| 11.0 | 11.3 | 11.5
09 9.1 | 12.1| 13.8| 150 15.9 | 16.4 | 16.8 | 17.1
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