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This is to inform all students that a Standard Essay Writing Competition is being organized
under the umbrella of the Bureau of Indian Standards (BIS).

Interested students from the Science Departments are invited to participate in the competition as
per the guidelines mentioned below:

Guidelines for Participation:

Essays must be written in English language.
Word limit: 600—700 words.

Font to be used: Times New Roman.

Font Size: 11.

Essays must be submitted in PDF format.
Last date for submission: 05th March, 2026.

Maximum 6 essays from each Department will be accepted, i.e., Only 2 participants from each
semester.
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Eligible Departments (Science Stream):

Students from the following departments are eligible to participate:
Botany
Biotechnology
Chemistry

Computer Science
Mathematics

Physics

Statistics

Zoology

Geography (Science)
Economics (Science)
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Submission Details:
All essays must be submitted in PDF format to the following Email 1D:
panducollegepc@gmail.com

Awards & Certificates:
« Attractive prizes will be declared by BIS.
« All participants will receive an Appreciation Certificate from BIS.

For further details, please contact the concerned department.
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Principal
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Foreword

Evervthing around us, whether natural phenomena or manmade products can be explained
through science. The product which are used in our daily life are outcome of conscious efforts by
the mankind to fulfil and exceed the needs of the present and demands of the future. Students are
taught science as part of their school curriculum, to enable them to understand the various
scientific laws and principles and also to inculcate the habit of exploring the world through the
lens of science. Quality characteristics of any product or service are decided based on the stated
and implied needs and are generally described in a document called ‘Standard'. Science and

standards are inseparable and integral aspect of any product.

Bureau of Indian Standards (BIS), the national standards body of India, is mandated Sfor
establishment and promotion of standards and creating a quality ecosystem in the country. This
is achieved through developing Indian Standards on products and services through the active
involvement of relevant stakeholders and dissemination of information of such standards for their
use and implementation across all sectors of economy. Academia, as an important stakeholder of
BIS, has been contributing towards development of standards through research activities and
providing inputs related to technological advancements in product development, their
characteristics and use as well as methods of tests. BIS, on its part has also been promoting
standards in academia through a variety of programmes. This has since been institutionalized in
the form of “'Standards Clubs " which are being established in educational institutions across India

to nurture the voung minds as ambassadors of quality and standards and prepare them for dealing

with these aspects in future.

In this initiative of BIS, called "Learning Science via Standards”, a series of Lesson Plans are
made elaborating the various scientific concepts, laws and principles to help students understand
their practical applications via standards. The series comprises of a variety of subjects for insights
into the scientific laws and principles and relating them to the quality characteristics of products
used in day-to-day life. First 10 Lesson Plans in the series are released on the occasion of 1 orld
Consumer Rights Day on 15 Mar 2023. Second Set of 10 Lesson Plans were released on 10 Jun

2023 by Hon 'ble Minister of State during the Governing Council Meeting of BIS.

The Lesson Plans are expected to serve as a useful tool for the teaching fraternity for imparting
knowledge on scientific laws and principles through their practical applications in activities and

products around us and facilitate an interactive learning experience for the students.
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Refrigerator | 1. Components of Refrigerators
a) Compressor [he e
also known as a fndge. s a houschold appliance that s wsed tostore and preserve SR g "
| drinks at a low temperature to slow down bactenal growth and preventsporlage 1tworks ‘_ " , ,
1 Vil rom the mterior of the frdge and releasing it outside, using 4 relngerant and a ; )

A rypical refrigerator consists of a

thermally  insulated  companment.

wsually divided into separate sections

such as a freezer and a refngeration pressure and high-temperature e

compartment, and a door that allows temperature, causing it to condense into 1 hgud

the user to access the contents inside, surrounding ensironment

Some modern  refrigerators  come

equipped with vanous features such

a5 ice and water dispensers, adjustable

shelves. temperature controls, and

even smart technology that allows the

user to control and monitor the fridge

using  therr smartphone  or - other

devices.

In the carly 19th century, inventors like Oliver Fvans and Michael Faraday [ud the groundwork

for refngeration technology with their discovenes and inventions. However, it wasn't until the .
carly 20th century that the eleetric refrigerator began to gain commercial success. [ Condenser Evaporator

1 In 1913, Fred W. Wolf Jr. introduced the "Domelre,” ¢) Evaporator: The evaporator is anothe

2 : " - - compartment. It receives the condensed retnge
the first commercially successful electric refrigerator P e cond X

evaporate, absorbing heat trom the retngerator

designed for household use which is shown in the

. . et refngerator and maintains the desired temy
picture. Although it had a modest capacity, it marked a ; S —

significant milestone in refrigeration history. Following | d) Expansion Valve The expansionvalven
this breakthrough, companies like General Electric, :ll located between the evapor
Kelvinator, and Frigidaire made advancements in } regulates the flow of the retrgerant by reducing 1ts pressure
design, insulation, and compressor technology, making | and controlling the amount that enters the esapurator. This
refrigerators more affordable and accessible 10 the ‘ expansion causes the refngerant to rapudly cool down,
general public. / ( enabling it w absorb heat efficiently trom the reingeratars
| | intenor
Post-World War 1, the demand for refrigerators surged, | |
- . . et q srmostat: The thermostat 1s a temperature-sensitive
leading 1o further improvements in energy elliciency ¢) Ther S 2 G
. A i e = I switeh that controls the COMPressors vperativon It monitors
and environmental considerations. Relrigerants such as 1ot 1 activates U
: M 5 the tempernture inside the relngerator and Je Ivates the
Chlorofluorocarbons (CTCs) were phased out due 10 | ¢ lempEritidie ¢ :
| d compressor when necessary When the temperature mses
their harmiul effects on the ozone  layer, an . «d on. Once
above the set poant, the COMPrEssor Is switched on. Unge

HydrochloroNuorocarhons (HFCs) were used leading |
! ‘ l ) § | the desired temperature 1s reached, the thermostat signals

to the development of eco-frendlier alternatives.

| the compressor to turn ot

— ’ ; _.] ﬁ Refrizerator
Refrigerator — =
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I. Components of Refrigerators

a) Compressor: The compressor is the heart of the refrigerator
and 1s responsible for compressing the refrigerant gas. [t increases
the pressure of the gas by compressing 1t into a contaimer
According to Bovle's law, the temperature of a gas increases 1
the pressure is increased. This increased temperature allows the
removal of heat from the gas to the surroundings.

b) Condenser; The condenser is a coil located at the back.

bottom. or side walls of the refrigerators. It reccives the high-
pressure and high-temperature refrigerant gas from the compressor and cools it down to room
temperature, causing it to condense into a liquid state. This process releases heat into the
surrounding environment.

Condenser Evaporator

¢) Evaporator: The evaporator is another coil typically located inside the refrigerator's freezer
compartment. It receives the condensed refrigerant liquid from the condenser and allows it to
evaporate, absorbing heat from the refrigerator's interior in the process. This cools down the

refrigerator and maintains the desired temperature.

d) Expansion Valve: The expansion valve is a small device
located between the evaporator and the condenser. [t
regulates the flow of the refrigerant by reducing its pressure
and controlling the amount that enters the evaporator. This
expansion causes the refrigerant 1o rapidly cool down,
enabling it 1o absorb heat efficiently from the refrigerator's

interior.

¢) Thermostat: The thermostat is & temperature-sensitive
switeh that controls the compressor's operation. It monitors
the temperature inside the refrigerator and activates the
compressor when necessary. When the temperature rises
above the set point, the compressor is switched on. Once
the desired temperature is reached, the thermostat signals

the compressor to turn ofl

A Relrigeratm TR
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pe. 4

f) Insulation. The refrigerator’s walls, doors. and

compartments insulated 1o

are minimize the
exchange of heat between the inside and outside
cnvironments. The insulation helps maintain a
consistent temperature inside the refrigerator and

reduces energy consumption.

¢) Shelves and Compartments: The interior of
a refrigerator typically includes shelves. drawers.
and compartments to organize and separate food
items. These components allow for efficient
storage and casy access to different items.

h) Refrigerant: The refrigerant is a special
chemical substance that circulates through the
entire refrigeration system, alternating between
gas and liquid states. It absorbs heat from the
refrigerator’s interior during evaporation and
releases heat during condensation, facilitating the
cooling process.

Common  refrigerants  used today include
hydrofluorocarbons (HFCs) like R-134a and R-
410A.

) ) i Sl , o that
These are the fundamental components of a refrigerator. However, it's important to note tr
y . : ; P R N - \ anils or
refnigerator designs can vary, and some models may include additional features or component
= g ; ; - T—— systens
specific purposes, such as ice makers, water dispensers, or advanced temperature control sys
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2. Refrigeration Cyele

The vapor compression refrigeration cyele (VORS) 18 the most commonly used refngeration
cvele i refngerators and air conditioning systems. [t involves the cireulation ol a refnigerant
through four main stages (Compression, Condensation, Expansion, and Evaporation) (o remoyve

heat from the desired space and release it to the surrounding environment. Here are the stages of

the VCRS cycle

-‘-4 -
Condemer
4 High Prevvuie
.._l Sile
Expasumn |
= Devce Comprenser  —§ | _]
XK . : 5 4 \
. \ i
\.
4+ Low Prevvme
-1 & Side
Evaporator

Typical schematic of a Vapour Compression Refrigeration (VCR) cycle

a) Compression:

The cvele begins with the compressor, which is typically an electrically driven mechanical device.
The compressor receives the low-pressure, low-temperature refrigerant vapor from the evaporator
(the cooling space) and compresses it 1o a higher pressure and temperature. As the refrigerant is
compressed. its temperature and pressure increase.

b) Condensation:

The high-pressure, high-temperature refrigerant vapor leaving the compressor enters the
condenser. In the condenser. the refrigerant is cooled down and condensed into a high-pressure
liquid state. This heat removal process usually occurs through heat exchange with the surrounding
environment or a separate cooling medium (e.g., air or water). As the refrigerant gives off heat, it
releases it 1o the surroundings, causing the refrigerant to condense.

¢) Expansion:

Afier leaving the condenser, the high-pressure hquid refrigerant passes through an expansion valve
or throtthng device. This valve reduces the pressure ol the refrigerant, causing a drop in s
temperature. The refrigerant now exists ina low-pressure, low-temperature liquid-vapor nuxture
state.

d) Evaporation:

Ihe low-pressure, low-temperature refrigerant mixture enters the evaporator, which is located
mside the cooling space (¢, refnigerator). As the refiigerant flowing i evaporator coil absorbs
heat from the surroundings (space to be cooled), it evaporates into a low-pressure vapor state. This

el absorption process cools down the mterior space, such as the refigerator compartment, by

A Refrigerator pu S
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it from it. The vaporized refrigerant then returns to the compressor, and the cycle

removing hei
repeats.
ndergoes phase changes from gas (0 liquid (in condenser)

Throughout the cycle, the refrigerant u
heat from the surroundings, and

(in evaporator). When it evaporates, it absorbs

and back to gas
when it condenses, it releases heat to the environment.
S cycle depend on factors like the type of

The efficiency and cooling capacity of the VCR
refrigerant used, the design of the compressor, and the effectiveness of the condenser and

evaporator in exchanging heat.
3. Different types of Refrigerants and their characteristics
Refrigerants are typically gases at room temperature

and atmospheric pressure, but they can be
compressed into a liquid state to make them more

100-Ethane Based .

| 11.2-trichlore-12,2-trflucroethane

practical for use in refrigeration systems. :
| 1,2-dichlore-1),2 2-tetrafllucromethane R4
Some common refrigerants include o — o
hydrofluorocarbons (HFCs), chlorofluorocarbons i
hexafluoroethane RNE
(CFCs), and hydrochlorofluorocarbons (HCFCs).
. 2.2 dichloro-1))-trifluaroethane RI23
However. some of these refrigerants are known to
have a negative impact on the environment, and Jehbruiiaat e ol
their use is being phased out in many countries in pentafiuoroethane R125
favor of more environmentally friendly alternatives. | 112 tetrafluoroethane Ri34a
The key characteristics of a refrigerant include the 11-dichloro-1-fluoroethane R141b
inge: i
fO”OWlﬂ},. 1-chloro-1.1-difluoroethane R42b
a) Ozone Depletion Potential (ODP}.’ This 11 tnflucroethane Rl4a3a
measures the potential of a refrigerant to deplete the \idiNucrosthane —_—
RI70

ozone layer. Refrigerants with higher ODP values v

contribute more to ozone depletion. It is desirable to
use refrigerants with zero or low ODP.

2 /s H 3 1 . - H
b) Global Warming Potential (GWP): GWP quantifies the greenhouse gas effect of a refrigerant
over a specified time frame. usuz: . : i . . 5
i specified time frame, usually 100 years, relative to carbon dioxide. Refrigerants with higher
e values have a greater impact on climate change. Lower-GWP refrigerants are preferred to
mitigate global warming,
c) The ! » Switbaas i ; 2
Li N Lrpmd}ﬂﬂﬂ:ic Properties: These properties include the refrigerant's boiling point,
condensing temperature s 5 o — . o2
Thess g IL{llp{,raluu. latent heat of vaporization, specific heat, and heat transfer coeflicients,
2SC prope ] » 1A P . .y . . " -
ol ? ert‘u.s determine the refrigerant's ability to transfer heat efliciently, which affects the
oling capacity and energy efficiency of the system.
d) Pressure-Te
= mpe » ati Sy e . .
determines th ptrfltun Relationship: The relationship between pressure and temperature
es the oper: sonditions . :
s fPLFdlmg LOl?dlllonb of the refrigerant in the system. It helps define the necessary
evels for compression, condensation, expansion, and evaporation processes.

M e < .
| ;):;mw ref‘rl‘lg,crants, bllFl] as hydrofluoroolefins (HFOs) and hydrocarbons (HCs), have lower
arming potential (GWP) and ozone depletion potential (ODP) compared to older

-y

.6
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refnigerants, making them a more environmentally friendly choice. However, some of these
- croerant e T .
refigerants are flammable or have safety concerns, and their use requires appropriate safety

mcasures and guidclines to be followed

()\gmll. the &clgcunn of arefrigerant depends on a vaniety of factors, including efficiency, safety,
environmental impact, cost, and compatibility with the refrigeration system.

4. Nomenclature of Refrigerants

The nomenclature of refrigerants is based on a standardized system developed by organizations
such as the American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE) and the International Organization for Standardization (ISO). This system provides a
way to identify and categonze refrigerants based on their chemical composition and properties.
The nomenclature typically includes a prefix and a number to indicate specific characteristics of
the refrigerant. Here is a breakdown of the nomenclature system:

a) Prefix:

e "R" stands for refrigerant and is commonly used for most refrigerants.

e "H" indicates a hydrocarbon refrigerant.

e "C" indicates a chlorofluorocarbon (CFC) refrigerant (no longer in use).

e "HC" indicates a hydrochlorofluorocarbon (HCFC) refrigerant (phasing out).
e "HFC" indicates a hydrofluorocarbon (HFC) refrigerant.

b) Number:

e The number following the prefix usually corresponds to the refrigerant’s chemical
composition and properties.

e For example, R134a indicates a specific HFC refrigerant with the number "134a," which
refers to 1,1,1,2-Tetrafluoroethane.

Refrigerants are internationally designated as “R” followed by
certain numbers suchas R—11, R—12, R—114 etc.
Refrigerants followed by a two digit number indicates that a
refrigerant is derived from methane base.

Refrigerants followed by three digit number indicates that
refrigerant is derived from ethane base.

Chemical Formula Cm Hn Clp Fq

Chemical formula is correct, when:| n+p + (q=2m +2

Complete numerlical designation

R(m-1) (n+1) (q)

A Refrigerator pe. 7
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Example :- Designate: Dichloro-tetrafluro-ethane

cl F
C; Cl; Fa cl—(J_‘=(|.‘.——F
Foor
Cie Hy, Clp Fq

m=2 n=0 p=2 q=4

N+p+qg=2m +2
O+2+4=(2x%x2)+2
6=6
Chemical formula is “Correct”
R(m—1)(n+1)qg
R(2—1)(0+1)4

I:‘11411

The nomenclature system helps in identifying and differentiating refrigerants based on'their.chemical
composition and characteristics. It aids in understanding the properties, safety CO[]SIdCrﬂ(IF}HS. a.nd
environmental impact of refrigerants, facilitating proper handling, selection, and usage in refrigeration
and air conditioning systems.

5. Scientific Laws/Principles involved in Refrigerator

The operation of a refrigerator is based on several principles of physics and thermodynamics. Here
are some of the scientific laws and principles involved in refrigeration:

a) The First Law of Thermodynamics:

The first law of thermodynamics, which states

First Law of Thermodynamics
that energy cannot be created or destroyed but mady
= . . . 16 In a tharmodynomic process involving o clozed system, the
can only be transferred or transformed, is Pt Immmllfmw_ISaqm'?omemmmmmn
1 1 if 5YS td by it
fundamental to the operation of a refrigerator. In the heat accumlated by the system and the work done by
the context of a refrigerator, this law is observed AU = Q-W

through the various energy transfers that occur
during the cooling process.

When a refrigerator operates, it requires work
input, typically in the form of electricity, to drive
the compressor. The compressor increases the

(UL ]
pressure of the refrigerant, causing it to release b o el o
heat as it condenses. This heat is then expelled to - eney =7ty 2y T T
the external environment through the condenser -
coil, adhering to  the principle of energy supplod”

conservation.

Inside the refrigerator, the evaporator coil allows the re
the refrigerator's interior and
effectively transferre

[rigerant to evaporate, absorbing heat from
causing the temperature to decrease. This absorbed heat energy 15
d from the refrigerator 1o the refrigerant.

——— - N - -
| pg. 8 . _ Refrigerator é]
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miret law of therm Nics ¢ . . i

First law of thermodynamics ensures that the energy mput to the refngerator through work 1s
balanced by the energy transferred as heat from the interior to the exterior, mamtaning the energy
conservation principle throughout the refnigeration evele

by The Second Law of Thermody namices

In simpler terms. the second law of thermodynamics states that heat cannot flow on its own from
a colder object to a hotter object without any external work being done. Energy naturally mosves
from arcas of high temperature to arcas of low temperature. This means that a perfect refrigerator,
which transfers heat from a cold space 1o a hot space, cannot exist.

The same principle applies to air conditioners and heat pumps. These devices work by using energy
to transfer heat from a cooler area to a warmer area, contrary to the natural flow of heat. In order
to achieve this transfer, work needs to be done on the system.

All real

:gg:ﬁfermms b 3 . g Spontaneous llow
work 10 QH - y | ©f heatlrom a cold
get heat 1o W area to a hot area
flow from ' Q. QC would constitute a
Id area 4 perfect refrigerator,
o sl 4  jorbidden by the

to a warmer
- - econd
area. Cold Reservoir Cold Reservoir ;‘;w

Second faw of thermodynamics

A refrigerator operates by using a compressor to compress a gas, which increases the temperature
of the gas. The heat from the gas is then transferred to the surroundings, typically through the
condenser coils. The compressed gas is then allowed to expand, resulting in a cooling effect as the
gas absorbs heat from the cooling space. This heat transfer process cools down the interior space
of the refrigerator.

It is worth noting that while energy can be transferred from a colder object to a hotter object
through the transfer of energetic particles or electromagnetic radiation, the overall net transfer of
energy will always be from the hotter object to the colder object in any spontancous process. To
accomplish the ransfer of net energy to the hotter object, external work must be performed.

¢) Boyle's Law

Boyle's Law. named after physicist Robert Boyle, describes the relationship between the pressure
and volume of a gas at a constant temperature. Boyle's law states that at a constant temperature,
the pressure and volume of a gas arc inversely proportional. This means that il the pressure ol a
pas is increased, its volume will decrease, and vice versa. Mathematically, it can be expressed as:

P1 x V1 =P2xV2
Where, P1 and V1 are the initial pressure and volume, and P2 and V2 are the final pressure and
volume of the gas.

Boyle's Law is applicable to the compressor of a refrigerator because it explains the relationship
between pressure and volume of the refrigerant gas. As the compressor reduces the volume of the

A Refrigerator p. 9 |
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gas by compressing 11, the pressure
increases. This increase in pressure
helps in transferring heat to the
surroundings. initiating the
condensation process and allowing
the refrigeration cycle to continue
cffectively.

d) Charles's Law

V1ia 1/P1

Charles's Law, also known as the Law
of Volume-Temperature Relationship, states that, at a constant pressure, the volume of a gas is

directly proportional to its temperature. Mathematically, it can be expressed as:

Vi V2

T1 T2
Where, V1 and T1 are the initial volume and temperature, and V2 and T2 are the final volume
and temperature of the gas.

By applying Charles's Law, we can understand the relationship between the volume and
temperature of the refrigerant gas at different stages of the refrigeration cycle. The law helps in
determining how changes in temperature affect the volume of the gas and how this affects the

operation and performance of the refrigerator.

e) Pascal's Law

Pascal's Law, also known as the Principle of Transmission of Fluid Pressure, states that when
pressure is applied to a fluid in a confined space, the pressure change is transmitted equally in all
directions. In other words, any change in pressure at one point within an enclosed fluid will be
transmitted undiminished to all other parts of the fluid and to the walls of the container. This

principle is a fundamental concept in fluid mechanics.

In the context of a refrigerator, Pascal's Law is applicable as the compressor applies pressure to
the refrigerant gas, which causes the gas to compress. The increase in pressure ensures that the
compressed gas moves uniformly throughout the refrigeration system.

Additionally, Refrigeration systems consist of a network of pipes and tubing that transport the
refrigerant. Pascal's Law is relevant to these components as any pressure applied at one point in
the system will be transmitted equally throughout the fluid.

By understanding and applying Pascal's Law in the design, manufacturing, and operation of
refrigeration systems, engineers and technicians can ensure proper pressure distribution, reliable
fluid flow, and efficient performance. This principle helps maintain the desired pressure levels,
ensures consistent operation, and contributes to the overall effectiveness of the refrigeration

system.
f) Carnot cycle and the Reversed Carnot cycle

The Camot cycle and the reversed Carnot cycle have significant relevance in the analysis of
refrigeration systems. The Carnot cycle, originally developed for heat engines, is often applied to

| PE. 10 ~ Refrigerator
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cineerators to assess their ny —
maximum possihle ¢ffic ieney, It consists of Tour reversible proces

W

sothermal expansion. adiabatie ¢
isotherm I ihabaue expansion., 1sothermal compression, and adibatic compression

1 a refngerator, the roiols wdls )
-5 ¢ Camot eyele estabhishes an upper limit on the coefficient of performance

OP). which represe . | o
(COP). which represents the ratio of heat removed Trom the cold reservoir to the work nput

e eV E . '; ) . o S ¥ B =
['he reversed Camot eyvele, or Carnot heat pump. 1s the inverse of the Carnot evele and 1s employed

in refrigerators and heat pumps to transfer heat from a low-temperature reservoir (refrigerator's

mterior) 1o a high-temperature reservoir (external environment) with the aid of external work.

While real-world refrigeration systems cannot achieve the ideal efficiency of the Carnot o
reversed Carnot cycles due to practical hmitations and irreversibility s, lhcs"c theoretical cycles
serve as valuable benchmarks for evaluating and comparing the performance of actual refrigeration
systems. They provide insights into the fundamental principles of energy transfer, heat cxa-chunuc.

and the relationship between temperature differentials and efficiency in refrigeration processes
o) Cocfficient of performance of Refrigerator

The coefficient of performance (COP) is a measure of the
efficiency of a refrigerator. It is defined as the ratio of the

Hot Reservoir

heat removed from the refrigerated space to the work
required to remove that heat. In other words, it is the Qu
amount of heat that a refrigerator can remove for a given

amount of work put into it. The COP of a refrigerator is W
typically greater than one. indicating that the amount of

heat removed is greater than the work put into the system.

Q1.

The COP of a refrigerator can be expressed mathematically

as: Cold Reservoir

Q.
w[n
where Qu is the amount of heat removed from the refrigerated space, and Wia is the amount of

COP =

work input into the system (usually measured in watls).

The COP of a refrigerator depends on various factors, including the design of the refrigerator, the
type of refrigerant used, and the operating conditions. Generally, the higher the COP, the more
efficient the refrigerator is at removing heat. For example, a COP ol 3.0 means that the refrigerator
removes three times as much heat as the amount of work put into the system. A higher COP
indicates that the refrigerator is more efficient and requires less energy to operate.

h) Heat Transfer

The concepts of heat transfer are highly applicable to refrigerators as they play a fundamental role
in the cooling process. Three modes of heat transfer are particularly relevant to refrigeration
systems:

i) Conduetion: Conduction refers to the transfer ol heat through direct contact between
substances or particles. In a refrigerator, conduction occurs primarily within the solid

components, such as pipes, coils, and walls. For example:

PN Refrigerator pg. 11
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| reineerator absorbs heat from the c._':mlm;g space lhr“llgh
e The L'\.'.;“-'T,‘lm' collom the relngen

\ I + the coil comes into contact with the surrounding
t-‘T!-!-JkIll'-."u as the TL']T’]}.'L'[.”II \JPLH 1”"“'\ Ihk LY g

am or objects

2t 1o the surroundings through conduction as the high-pressure

he condenser coil releases he ‘ : ;
S heat to the coil walls, which. in turn, conduct the

refriperant gas mnside the coil transfers its
heat to the surrounding environment.

' Convection: Convection is the transfer of heat through the movement of a fluid, such as air
n ¢ : : : »

or water. It is an essential mode of heat transfer in refrigeration systems:

« In the evaporator, warm air from the cooling space comes into contact with the cold
ssfers through convection as the air surrounding the coil becomes

evaporator coil. Heat trar
es the heat transfer process.

cooler, creating a temperature gradient that dniv

+ In the condenser. the surrounding air or water absorbs heat [rom the hot condenser coil, and

convection carries the heat away from the coil surface.
iii) Radiation: Radiation is the transfer of heat through electromagnctic waves. While it is
typically less significant in refrigerators compared to conduction and convection, radiation

still plays a role:

« The condenser coil may radiate heat to the surroundings as the high-temperature coil emits
thermal radiation, transferring heat energy to cooler objects or surfaces in its vicinity.

By understanding and managing these heat transfer mechanisms, refrigeration systems can
efficiently remove heat from the cooling space and transfer it to the surrounding environment.
Proper design and optimization of heat exchangers, insulation, and refrigerant flow paths help
enhance heat transfer, improve energy efficiency, and ensure effective cooling performance in

refrigerators.

6. Key Performance Parameters of a Household Refrigerator:

a) Cooling Efficiency: The cooling efficiency of a refrigerator determines how effectively it
can lower and maintain the temperature inside. A higher cooling efficiency ensures that food
and beverages stay fresh and chilled, minimizing the risk of spoilage.

b) Energy Efficiency: Energy efficiency is crucial as it directly impacts electricity
consumption and operating costs. A refrigerator with a higher energy efficiency rating
consumes less power, resulting in reduced energy bills and environmental impact.

¢) Storage Capacity: The storage capacity indicates the available space inside the refrigerator
for storing food items. Sufficient storage capacity is important to accommodate groceries,
leftovers, and other perishable items, ensuring convenience and avoiding overcrowding.
Te spes n s PDrocrep to spr o . L4 ' 4

d) Temperature Control: Precise temperature control allows users to adjust and maintain the
desired coohing levels. Accurate temperature settings help preserve the quality and freshness
of different types of food items, preventing them from freezing or spoiling.

€) l'in'usl»l' ree. Operation: Frost build-up in the freczer compartment can affect cooling
elficiency and storage space. A refrigerator with a frost-free feature prevents ice formation,

chimmating the need for manual defrosting and ensuring optimal performance

y 7,
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) Noise Level: The nose level of a refrigerator 1s important, especially in houscholds where
a quict environment s desired. Lower noise levels contribute to a more comfortable living

space. particularly i open-concept kitchen arcas.

o) Energy Star Rating: An Lnergy Star-rated refrigerator signifies compliance with encrey -
saving standards set by environmental protection agencies. Choosing an Energy Star-
certified refrigerator ensures superior energy cfficiency, reducing environmental impact and

saving on electricity costs.

These key performance paramecters collectively determine the overall functionality and user
experience of a houschold refrigerator. Considering these parameters helps consumers make
informed decisions based on their specific needs and preferences, leading to optimal performance,
cost savings, and customer satisfaction.

7. Questionaire

Q1. How does the expansion of a refrigerant contribute to cooling in a refrigeration cycle?

a) The expansion increases the pressure, causing cooling.
b) The expansion decreases the pressure, causing cooling.
¢) The expansion increases the temperature, causing cooling.
d) The expansion decreases the temperature, causing cooling.

Answer: b) The expansion decreases the pressure, causing cooling.

Explanation: During the expansion process, the refrigerant undergoes a drop in pressure, which
leads to a decrease in temperature according to the ideal gas law. This decrease in temperature
allows the refrigerant to absorb heat from the surroundings, contributing to the cooling effect.

Q2. Which phase change occurs during evaporation in a refrigeration cycle?

¢) Gas to liquid

f) Liquid to gas

¢) Gas to solid

h) Solid to gas
Answer: b) Liquid to gas

Explanation: During the evaporation process, the refrigerant changes from a liquid state to a gas
state. This phase change occurs by absorbing heat from the cooling space, resulting in cooling.

Q3. How does evaporation cause cooling in a refrigeration cycle?

a) Evaporation releases heat to the surroundings.

b) Evaporation absorbs heat from the surroundings.

¢) Evaporation increases the pressure, causing cooling.

d) Evaporation increases the temperature, causing cooling.

Answer: b) Evaporation absorbs heat from the surroundings.

Explanation: During the evaporation process, the refrigerant absorbs heat from the cooling space,
which causes it to change from a liquid to a gas. This heat absorption results in cooling within the
refrigerated area or the cooling space, helping to maintain lower temperatures.

é Refrigerator g l_?_‘

(¥ Scanned with OKEN Scanner



1 —

Q4. What 1 the purpose of a compressor in i refngerator? 8. Interesting Facts about Refrigerators

1 Cooling the refngerant i
1) Increasing the pressure of the refrigerant
k) Expanding the refnigerant

Invention of the Tirst electric refrigerator: Tt
1913 by Fred W. Wolfl Jr., known as the "Dome

and preserved food
1) Removing heat from the refrigerator

b) Guinness World Record: The world's largest ¢
Answer: b) Increasing the pressure of the refrigerant measured a staggering 8 meters (26 feet) in heit
Explanation: The compressor in a refrigerator increases the pressure of the refrigerant, cnabling gallons) '
110 release heat during the condensation process. . ——— .
¢) lee cream innovation: The first commerculh

Q5. Which component of a refrigerator is responsible for removing heat from the refrigerant? in 1927 by the Kelvinator Company. This in

e) Condenser and conveniently at home, contnbuting to its p

f)  Evaporator
g£) Expansion valve
h) Compressor

d) Smart refrigerators: Technolomical advanc
gquippcd with touchscreens. Wi-Fi connec

management, recipe suggestions, and voice o
Answer: a) Condenser

¢) Tallest ice sculpture: In 2005, the world's tal!
blocks of ice. It stood at a remarkable height ¢
resemble a refrigerator.

Explanation: The condenser in a refrigerator is responsible for removing heat from the refrigerant
and releasing it to the external environment.

| pe. 14 Refrigerator

& Scanned with OKEN Scanner



e

§. Interesting Facts about Refrigerators

a) Invention of the first clectric refrigerator: The first clectric refrigerator was invented 1n
1913 by Fred W Woll I, known as the "Domelre.” It revolutionized the way people stored
and preserved food.

b) Guinness World Record: The world's Targest refrigerator was unveiled in 2012 1n Brazil It
measured a staggering 8 meters (26 feet) in height and had a capacity of 35,000 liters (9,246
pallons).

¢) lee eream innovation: The first commercially successful electric refrigerator was introduced
in 1927 by the Kelvinator Company. This innovation allowed ice cream to be stored safely
and conveniently at home, contributing to its popularity.

d) Smart refrigerators: Technological advancements have given rise to smart refrigerators
equipped with touchscreens, Wi-Ii connectivity, and advanced features like inventory
management, recipe suggestions, and voice control.

¢) Tallestice sculpture: In 2005, the world's tallest ice sculpture was created in China using 700
blocks of ice. It stood at a remarkable height of 34.63 meters (113.6 feet) and was designed to
resemble a refrigerator,
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Lesson Plan Subjects

PPublished

1. Caushic Soda | 21

2. | I oothall p

L | Cement 23,

4. : Gas Stove 24.

5 | Geyser 25,

6. Helmet 20.

‘ e L.IED Bulb 27,
K. 1.PPG Cylinders 28.

9. Cement Ash Brick 29,

10, Paints 30.

I Boric Acid 3l
12. Cething Fan 32.
13. Cables 33.
14. Ceramics Tiles 4.
IS. Rear View Mirrors 35.
16. Headphones 3o,

17. Milk Powder 37,

_ 18. Pressure Cooker 38.
19. Plywood 39,
20. Multipurpose dry batteries 40,

Forthcoming...

41. Drinking Water 47.
42, Electric Mixer 48,
43, | Family Sized Biogas Plant 49,

| 44, Fire Extinguisher 50,
45, Power Threshers 51,
40. Conduits 52,
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Ballpoimnt P'en
Hicyele
Ilectne Tron
[Loudspeikers
Pasteurized Milk
Paver Blocks
Plugs and Sockel
Solar Flat Plate Collectors
Precast Conerete
Stainless Steel
Weighing balance
Steel Bar
Thermometer
Tyres for buses and trucks
Vacuum [lask
Waler Meter
Wheel Rim
Waler Storage Tank
PVC Pipes

Refrigerator

CNG Cylinders
Hearing Aids
] Microwave Oven
Solid and Hollow Block

Submersible Pump set

Gieosynthetics

é |
e
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