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Applications & Performance

Applications of Refrigeration System

@ Domestic refrigeration
® Commercial & Industrial refrigeration
® Food storage & processing
Ice rinks
Low temperature liquid storage/transportation
De-waxing of oll
Separation and condensation of gases
Solidification and separation of solid
® Low temperature testing
® Removal of heat of reaction etc.

©® Marine & transportation refrigeration
® Comfort air-conditioning

@ Industrial air-conditioning
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Applications & Performance

Food Preservation by Refrigeration

® Preservation of perishables by refrigeration involves the use of low
temperature as a means of eliminating or retarding the activity of
spoilage agents.

e For storage, the product is chilled and stored at some temperature
above its freezing point. Frozen storage requires freezing of the
product and storage at some temperature between -12° to -23°C.

e Factors affecting the quality of frozen product:

® Nature and composition of product to be frozen
® Care in selecting, handling & preparing the product for freezing

® Freezing method
® Storage condition
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Applications & Performance

Comfort vs. Industrial Air-conditioning

e Comfort air-conditioning is for human comfort. It involves control of
space temperature, humidity, air-motion and cleaning/filtering of air.

e Industrial air-conditioning does not have the primary function of
conditioning air for human comfort.
e Functions of industrial air-conditioning include:
® control of moisture of hygroscopic materials.
® govern the chemical/bio-chemical reaction rates.
® |imit the variation of size of precision manufacturing items because of
thermal expansion and contraction.
® provide clean, filtered air for production of quality products.
® ensure space temperature/humidity/air-motion for production
requirement.
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Applications & Performance

Refrigeration Capacity/Performance Parameters

e 1 ton refrigeration (1 RT or TR): heat absorbed by 1 (short) ton
(2000 Ib) of ice uniformly melting at 0°C in 24 hours. One RT
refrigeration system that can freeze 1 ton (2000 Ib) of liquid water at
0°C into ice at 0°C in 24 hr.

1 RT = 3.516 kW = 12000 BTU/hr
e Coefficient of Performance:

__ Refrigeration Effect

P =
o Net Work Required

Applications & Performance

COP: Refrigeration & Air-Conditioning System
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Refrigeration Systems

Refrigeration Systems
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Refrigeration Systems Refrigeration Systems
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Refrigeration Systems

Expansion Device
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Refrigeration Systems

Basic Vapour-Compression Refrigeration Cycle
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Refrigeration Systems

Vapour Absorption Refrigeration System

Expansion }$7 "
valve compressor
High-pressure
1. Compressor Condenser
./ Compressor :
< Absorption:

1. Absorb vapor in
liquid while removing
heat

(a) Standard vapor-compression refrigeration.
’:‘ Expansionvalve

On 9 2. Elevate pressure of
liquid with pump Low-pressure
Condenser 3. Release vapor by vapor
applying heat Evaporator
Expansion <t Woump << Weompressor =
valve
O / Absorption unit
1272 (b) Absorption vapor-compression refrigeration.

~® Pump consumes significantly less electricity than compressor.
e A large amount of heat is required in the generator to release the
dissolved vapour to result in low COP.
¢ Low grade heat (waste heat,solar energy etc.) can be used in the

generator, and the system can be economic.
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Refrigeration Systems
Refrigerants

Refrigerants are well known as the fluids providing a cooling effect during
the phase change from liquid to vapour. These are used in refrigeration, air
conditioning, and heat pump systems, as well as process systems.

First mechanical
i refrigeration
R744 carbon dioxide R744 carbon dioxide

Montreal -
thyl chloride protocol HCs R290 etc

CFCs and HCFCs, R12, R502, R22 etc

Ice
storage

R717 ammonia

=

First vapour
compression cycle

CFCs invented
by Midgle Kyoto
rotocol HFCs GWP>2500, R404A + Blends

HFCs GWP<2500, R134a, R407A/F/C, R410A + Blends

HFOs, R1234yf + Blends

EU 2014
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Refrigeration Systems

Some Desirable Properties of Refrigerants

e High latent heat of vaporisation = less refrigerant flow required
e High suction gas density = small and compact equipment

® Low compression ratio = low power consumption and higher
volumetric efficiency of compressors.

e Positive but not excessive pressures at evaporating and condensing
conditions.

® Low condensing pressure = lighter compressors, piping etc.

e High thermal conductivity = good heat transfer, reduced size of heat
transfer equipment.

® Chemically stable, compatible with construction materials and miscible
with lubricants.

e Non-corrosive, non-toxic, non-flammable and environmentally friendly.
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Refrigeration Systems

Classifications of Refrigerants

A refrigerant may be a single chemical compound or a mixture (blend) of
multiple compounds.

e Azeotropic Mixtures: these are blends of multiple refrigerants that
evaporate & condense as a single substance & do not change their
volumetric composition or saturation temperature when they
evaporate or condense at a constant pressure.

e Zeotropic Mixtures: these are blends of multiple refrigerants that
evaporate & condense as a single substance & do change their
volumetric composition or saturation temperature when they
evaporate or condense at a constant pressure.

e Blends: mixtures of two or more chemical compounds are blends.
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Refrigeration Systems

Prefixes & Atoms in Refrigerants

Name Prefix Atoms Contained
Chlorofluorocarbon CFC CLF, C

Hydrochlorofluorocarbon HCFC H, Cl, F, C
Hydrobromofluorocarbon HBFC H, Br, F, C

Hydrofluorocarbon HFC H,F, C

Hydrocarbon HC H, C

Perfluorocarbon PFEC F, C

Halon Halon Br, CI (in some), F, H (in some), C
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Refrigeration Systems

Numbering of Refrigerants: Halocarbon/Hydrocarbon

R134a

R = Refrigerant — L Lowercase letter denotes specific

isomer (molecular formulation)

the number of fluorine (F) atoms

the number of hydrogen (H)
atoms +1

L—— the number of carbon (C) atoms —1 (omitted
when digit is zero).

CHChLCF3 — 3F + 1H + 2C — R123
CChF — 1F + 0H + 1C — R11
CHCIF; — 2F + 1H + 1C — R22
CHy — OF 4+ 4H + 1C — R50

C3Hg — OF + 8H + 3C — R290
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Refrigeration Systems Refrigeration Systems
Safety Requirements/Environmental Issues of Refrigerants oo caton oW -1 Say s saling o<
HCFC
e According to ANSI/ASHRAE 34-1997, safety groups are classified as R22 CHOTF, i T Y
HFCs chlorine free
fOI IOWS R134a CF,CH,F HT,MT 1430 Al -26
. . . R125 CF,CHF, Blends 3500 Al —48
Al : lower toxicity & no flame propagation Riss CFr.CHF, Blends 70 ~ -
R32 CHF, HT 675 L —52
A2 : lower toxicity & lower flammability Rivia Riwiyidi LT 2 R i
A3 : lower toxicity & higher flammability O R32 Blends | R32 4 HFC: T o |al -
. - . Other R125 Blends |R125 + HFCs HT,MT, LT 1830-3300 Al —43to —48
B1 : higher toxicity & no flame propagation ros
B2 : higher toxicity & lower flammability Rt [gh=CrCR T mcHT 3 e
B3 : hlgher tOXiCity & hlgher flammablllty s HFO/HFC Blends Ik\lz;lsgg/zjz?‘]{ma Various 6001500 [A1 —20 to —50
e Ozone Depletion Potential (ODP): of a refrigerant represents its _ - o o
c GWP (CO,=1) Safetyclass Boiling point °C
effect on atmospheric ozone, and the reference point usually adopted HC halogen free
is ODP = 1.0 fro CFC R11. Riz70 e S FER
. . . R600a C H,, IsoButane MT 3 A3 -12
¢ Global Warming Potential (GWP): of a gas may be defined as the P, e o - EeT—
index comparing the climate impact on its emission to that of emitting Other halogen free
. . . R717 NH, Ammonia LT (MT,HT) |0 B2 =33
the same amount of carbon dioxide. R134a has a GWP equivalent t@ r1443 R744 €O, Carbon Dioxide ‘HYI,MI;U- : Al s @
1300 kg COs,.
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Comfort Air-Conditioning

INDOOR AIR QUALITY

Most people
spend INDOOR AIR QUALITY (IAQ)
9 0 (y Environmental Protection Higher risk
0 Agency (EPA) ranks IAQ as mp;’;tow
s of the symptoms:
of their time one
time indoors TO P 5
%f‘}' Environmental risks Lo;al Zt:‘dites
- . un El
to public health e
exposed to
poor IAQ have
significant
\ 1AQ is
2—5 X F_nwrunmemal

waorse than
3 . 8 outdoor air quality
MILLION
People died annually from
illnesses attributable to
713g5ndoor air pollution
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Tobacco Smokes

Moulds, Viruses,
Bacteria & Dust Mites

|
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Comfort Air-Conditioning

Solar
heat gain

Heat Transfer to/from Building Space

Transmission
through walls
and windows

Solar heat
gain through
walls and
windows

Transmission through
& roof and/or ceiling

Internal heat
gains from
lights, people,

and appliances

~

Infiltration/
exfiltration
through cracks
~ at doors and
windows

T1385
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Transmission
. .. . through floors ) ) Q
Air-conditioning system must be able to remove the heat & moisture gain/los
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Comfort Air-Conditioning

Comfort Air-Conditioning

Functions of Comfort Air-Conditioning ‘

*Simu](anmus control

- _

I
. e Jentilati
Heating Humidification V(i—{‘ﬁzc]‘t]“?;

T1383 Cooling Dehumidification Odour

RH §
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30% —

T1152 20.0°C  23.0°C 24.0°C 26.0°C T

& Air conditioning system

(58.0"F 7.3.4"F 75.2°F 78.8°F
provides simultaneous control of temperature,

humidity and cleanliness for thermal comfort. Air-cooler only cools air with @

reduction in moisture content of air.
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Comfort Air-Conditioning

@ Activity level

® Clothing

© Expectation

O Air temperature

® Radiant temperature
® Humidity

@ Air speed
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Factors Influencing Thermal Comfort
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Comfort Air-Conditioning Comfort Air-Conditioning HVAC Systems & Components

Typical Climate Conditions Window AC

Percentage saturation

90 8070 60 50 40 30 20
‘ Wall
30 Bahrain Centrifugal Fan Partition
X Impeller
L= Fan
£9 :
®Hong Kong| = 6 [ ouside
25 ‘/ ‘g Cn:i‘,e“ — 2 : (Hot air)
e 2 < —
(?0 ;‘—?‘) ;.,‘ Capillary Tube i . z:___%ndsnm
&2 ERMARS g vaporator ] sami i
N 3 f\% ) ‘"% ® Eliat é - Compressar & Motor unit
séb S §® 2 S T1310
15 E) 4
%’3 2 Lisbon 2
% ke .
10 AP< A London ® Kano = ¢ Small (capacity <3 TR), compact and cheap.
7} 2 Reykjavik .
5 ) o Wadi Halfa . . . . .
o oK >< e Noise and vibration are transmitted into room.
o
-5 < . . . .
~10 —] e Requires suitable wall for installation.

-0 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 @ @
T1153

Dry bulb temperature (°C)
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Comfort Air-Conditioning HVAC Systems & Components Comfort Air-Conditioning HVAC Systems & Components

Split Type AC

Features Window AC Split-system
Number of
One Two
units
Warm Usually less.
oaust Condenser Pricing expensive than More expensive fhan similar window ACSs
©) similar split-systems
5 P C tivel
—= = Installation omparatively Requires costly professional installation
Compressor == | easy*
=== -
Cool supply == 1
= == — : Cooling Limited to 2.0t
== = imited fo 2.0 fons
Refrig E capaciy (24,000 BTU/Maw) Up to 5.0 fons (60,000 BTU/our)
pipes === (residential)
=8 = —
== =———— Generally less
T —— ! y
ooy — - i i Efficiency g Generally more efficient
ousice /Ll—‘ T1337 Noise Quite noisy Produces litile noise
Return
T Maintenance  Relafively easy Requires professional repair and cleaning services
Condensate Sl o There are cerain limitations, but generally more flexibility in installation. Split
T1311 pipe Flexibility :;:‘32?: installation ACs can be installed even in rooms without a window. Multiple indoor unit
Compressor/condenser part of the refrigeration system separate from the nstallation is possiole
H H H H Design Unified design Various design options
evaporator coil and connected by the refrigerant lines to the air system, 9 9 o op @
which includes the evaporator.
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Comfort Air-Conditioning HVAC Systems & Components

Central Air-conditioning System

Comfort Air-Conditioning HVAC Systems & Components

Coil
Filter Humidifier

TOWER Outdoor )

CONDENSER Air -? >

WATER RETURN : )

- (CDWR) Outdoor Air Damper
CONDENSER or Fresh Air Damper
CONDENSER
warensueey | (oo
=
= Return Air
ok
P —
CHILLED
CHILLED CHILLED :
WATER RETURN WATER PUMP WATER SUPPLY E"irha“s' « I E’ Retumn Air Duct @
(GHWR) (CHWS)
riaca Exhaust Alr Damper Retum Alr Fan
T1465
Chiller is a complete refrigeration system and produces chilled water (6-10°C) @
FCU and AHU.
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Comfort Air-Conditioning HVAC Systems & Components
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Chilled water
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|
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Comfort Air-Conditioning HVAC Systems & Components

Air Handling Unit (AHU)

FROM CLEANROOM
RETURN ATR

FRESH AIR
INTAKE
0UTDOOR ATR

MIXING SECTION

AIR HANDLING UNIT (AHU) COMPONENTS

COOLENG COIL

SUPPLY AIR
TO CLEANROOM

REHEAT COIL

fILTER
PRENEAT COIL

BAG FILTER

i -
AIR HANDLING UNIT

T1466 FAN

AHU prepares clean air at a required temperature and humidity.
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Comfort Air-Conditioning HVAC Systems & Components

Fan Coil Unit (FCU)

Discharge grille
Heater assembly

Fan assembly

Air
inlet grille

Replaceable
filter

Cooler
heat exchanger

RS RNV RRRRRRNRRRY

Drain pan

(a)

’/L‘ZLTA\T\ Suspended ceiling % %

. ) L . .
FCU receives air from room and cools it using chilled water cooled cooling coi
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