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Power Engineering (315371)

Preface

The primary focus of engineering laboratory/ field work in the technical education system
is to develop the much-needed industry-relevant competencies and skills. With this in view,
MSBTE embarked on this innovative 'K' Scheme curriculum for engineering diploma programs
with National Education Policy 2020 (NEP2020) and outcome-based education as the focus, and
accordingly, a relatively large amount of time is allotted for the practical work. This displays the
great importance of laboratory work, making each teacher, instructor, and student realize that
every minute of the laboratory time needs to be effectively utilized to develop these outcomes,
rather than doing other mundane activities. Therefore, for the successful implementation of this
outcome-based curriculum, every practical has been designed to serve as a vehicle to develop this
industry-identified competency in every student. The practical skills-are difficult to develop
through 'chalk and-duster' activity in the classroom situation.” Accordingly, the ‘K’scheme
laboratory manual development team designed the practical to focus on the outcomes, rather than
the traditional age-old practice of conducting a practical to ‘verify the theory' (which may become
a byproduct along the way).

This laboratory manual is designed to help all stakeholders, especially the students, teachers,
and instructors to develop in the student the pre-determined outcomes. It is expected from each
student that at least a day in advance, they have to thoroughly read through the concerned practical
procedure that they will do the next day and understand the minimum theoretical background
associated with the practical.

Every practical in this manual begins by identifying the practical significance industry
industry-expected outcome competency, course-level learning outcomes, and laboratory learning
outcomes; which serve as a key focal point for doing the practical. The students will then become
aware of the skills they will achieve through the procedure shown there and the necessary
precautions to be taken, which will help them to apply in solving real-world problems in their
professional life.

This manual also provides guidelines to teachers and instructors to effectively facilitate
student-centered lab activities through each practical exercise by arranging and managing necessary
resources so that the students follow the procedures and precautions systematically, ensuring the
achievement of outcomes for the students.

Power engineering plays a critical role in equipping mechanical diploma engineers with the
essential knowledge and practical skills needed to operate, maintain, and test various power engineering
systems used in industrial applications. This course forms a critical pillar of mechanical engineering,
empowering students with the ability to test, analyze, and maintain power engineering systems crucial
for a variety of industrial and commercial applications. In recognition of this, each practical is developed
to build fundamental understanding and practical exposure to power engineering devices. Encourage
skill development in handling, testing, assembling, and troubleshooting critical components of
refrigeration and air conditioning systems, 1.C. engines, and air compressors. Familiarize students with
performance measurement and analysis of these systems.

Although all care has been taken to check for mistakes in this laboratory manual, it is
impossible to claim perfection, especially as this is the first edition. Any such errors and suggestions for
improvement can be brought to our notice and are highly welcome.

Lab Manual Development Team

Maharashtra State Board of Technical Education K Scheme
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Programme Outcomes (POs) to be achieved through practicals of this course
Following POs are expected to be achieved through the practical of the (Thermal Engineering) course.

POL1. Basic and discipline-specific knowledge: Apply knowledge of basic mathematics, science and
engineering fundamentals and engineering specialization to solve the mechanical engineering problems.

PO 2. Problem analysis: Identify and analyze well-defined mechanical engineering problems using
codified standard methods.

PO 3. Design/ development of solutions: Design solutions for well-defined technical problems and
assist with the design of system components or processes to meet specified needs in mechanical
engineering.

PO 4. Engineering Tools, Experimentation and Testing: Apply modern mechanical engineering tools
and appropriate techniques to conduct standard tests and measurements.

PO 5. Engineering practices for society, sustainability, and environment: Apply appropriate
technology in context of society, sustainability, environment, and ethical practices.

PO 6. Project Management: Use engineering management principles individually, asa team member
or a leader to manage projects and effectively communicate about well-defined engineering activities.

PO 7. Life-long learning: Ability to analyze individual needs and engage in updating in the context of
technological changes in mechanical engineering.

List of Industry-Relevant Skills

The following industry-relevant skills of the competency ‘Maintain power engineering and refrigeration
devices for various industrial / field applications using relevant knowledge & skills related to power
engineering ‘are expected to be developed in students by undertaking the practical of this laboratory
manual.

Maintain refrigeration and air conditioning devices.

Ability to analyze and interpret refrigeration system performance.

Select the proper tools for dismantling/assembling refrigerated devices.

Measure air properties of conditioned air, such as dry bulb temperature, wet bulb temperature, using
a sling psychrometer.

Understand parameters of IC engine performance testing.

Analyze engine performance based on power output and related curves.

Assess performance of the I.C. engine using exhaust gas analyzer

Assess condition and performance of the 1. C. engine using diagnostic tools.

Select and maintain reciprocating air compressor for the desired industrial application.

10. Ability to assess and optimize the performance of compressed air systems and HVAC systems for
energy efficiency.

Howbde
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Power Engineering (315371)

Practical- Course Outcome Matrix

Course Outcomes (COs)

COL1 - Assess the performance of given refrigeration systems.

CO2 - Measure the cooling capacity of air-conditioning systems.

CO3 - Carryout test for the performance of an I.C. engine.

CO4 - Analyze the performance of air compressor.

CO5 -Use the knowledge of energy saving in air compressor & refrigeration and air-conditioning

systems.
Sr. . . CO CO CO CO CO
No. Laboratory Practical Titles 1 5 3 4 5
1 Trace the flow of refrigerant through various N . ) ) )
components of the domestic refrigerator.
2 | *Test on vapor compression refrigeration test rig. v - - - -
3 Assemble / Dismantle various components of N ) 4 ) )
water cooler.
4 | *Use of sling psychrometer. ) \ - - -
5 Assemble / Dismantle various components of ) N ) ) )
window air conditioner.
6 | *Test on window air conditioner. - V - - -
7 | Demonstration of split air conditioner. - \ - - -
8 | Test on air conditioning test rig. - \ - - -
9 | *Demonstration of I.C. engine test rig. - - V - -
10 |*Test on I.C. engine test rig Part — | - - V - -
11 | *Teston I.C. engine test rig Part — 11 - - \ - -
12 | *Morse Test.on I.C. engine test rig. - - \ - -
13 | Use of exhaust gas analyzer for S.1. engine. - - \ - -
14 | Use of exhaust gas analyzer for C.1. engine. - - \ - -
15 Diagnosis test on I.C. engine using engine control . ] N ] )
unit.
16 *Test on two-stage reciprocating air compressor ] ] ] N )
Part |
17 *Test on two-stage reciprocating air compressor ) ) ) N )
Part |
18 | Losses in the compressed air system. - - - - \
19 | *Energy saving in air-conditioning system. - - - - v

Maharashtra State Board of Technical Education K Scheme
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Guidelines to Teachers

A teacher needs to ensure that a dated log book for the whole semester, apart from the laboratory manual,
IS maintained by every student, which s/he have to submit for assessment to the teacher in the next
practical session.

There will be two sheets of blank pages after every practical for the student to report other matters (if
any), which are not mentioned in the printed practical.

For difficult practical’s if required, a teacher could provide a demonstration of the practical, emphasizing
the skills which the student should achieve:

Teachers should give opportunity to students for hands-on after the demonstration.

Assess the skill achievement of the students and COs of each unit.

One or two questions ought to-be added in each practical for different batches. For this teacher can
maintain various practical-related question banks for each course.

If some repetitive information, like data sheet, use of software tools, etc., has to be provided for effective
attainment of practical outcomes, they can be incorporated in the Appendix.

For effective implementation and attainment of practical outcomes, teachers ought to ensure that, at the
beginning itself of each practical, students must read through the complete write-up of that practical
sheet.

During practical, ensure that each student gets a chance and takes an active part in taking observations/
readings and performing practical.

Teacher ought to assess the performance of students continuously according to the MSBTE guidelines
Experimental setups proposed are guidelines. Teacher can do better and give his valuable feedback to
MSBTE on further improvements in the lab manual.

Teachers shall use any suitable demo/open-source simulation software available on the internet.

Instructions for Students
For incidental writing on the day of each practical session, every student should maintain a dated log
book for the whole semester, apart from this laboratory manual, which s/he has to submit for assessment
to the teacher in the next practical session.
For effective implementation and attainment of practical outcomes, at the beginning itself of each
practical, students need to read through the complete write-up, including the practical-related questions
and assessment scheme of that practical sheet.
Students ought to refer to the data books, IS codes, Safety norms, Technical Manuals, etc.
Students should not hesitate to ask about any difficulties they face during the conduct of practical.
Students are expected to perform the experiments in groups (as applicable), whereas calculations shall
be made independently.

Maharashtra State Board of Technical Education K Scheme
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Power Engineering (315371)

Content Page
List of Practical and Progressive Assessment Sheet

Sr. N Lab t =) tical Titl Page Date of Date of FA- PkR I_Z)atedf Remarks
r. NO aporatory Fractucal lities No. | performance | submission marks | sign.o (if any)
(25) teacher
Trace the flow of refrigerant
1 through various components | 01
of the domestic refrigerator.
9 *Test on vapor compression 09
refrigeration test rig.
Assemble /. -Dismantle various
3 19
components of water cooler.
4 *Use of sling psychrometer. 25
Assemble / Dismantle various
5 components of window air | 31
conditioner.
* . .
5 Tes?_ on window air 38
conditioner.
Demonstration of split air
7 o 45
conditioner.
3 Test on air conditioning test 51
rig.
- .
9 De:monstra'glon of I.C. 59
engine test rig.
* : :
10 Test on-1.C. engine test rig 69
Part — |
* ; :
11 Test on 1.C. engine test rig 79
Part — 11
* .
12 Mor_se Test on I.C. engine 92
test rig.
Use of exhaust gas analyzer for
13 S.I. engine. 101
14 Use of exh_aust gas analyzer 109
for C.1. engine.
Maharashtra State Board of Technical Education K Scheme
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Sr.N Lab t =) tical Titl Page Date of Date of Fﬁ;irPkF: S??]tegf Remarks
r. NO aboratory Fractical 11tles No. | performance | submission gn. (if any)
(25) teacher
15 Dl_agn05|s_ test on I.C. engine | ;44
using engine control unit.
*Test on two-stage
16 reciprocating air compressor | 124
Part |
*Test on two-stage
17 | reciprocating air compressor - | 131
Part 11
18 Losses in the compressed air 141
system.
*Energy = saving - in air-
19 conditioning system. 146

Total

Note: To be transferred to Proforma of CIAAN-2023.

A suggestive list of LLOs is given in the above table. More such LLOs can be added to attain the
COs and competency. A judicial mix of a minimum 12 or more practical’s need to be performed,
out of which, the practical’s marked as ‘*’ are compulsory, so that the student reaches the
‘Precision Level’ of Dave’s ‘Psychomotor Domain Taxonomy’ as generally required by the
industry.

Maharashtra State Board of Technical Education K Scheme
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Practical No. 1: Trace the flow of refrigerant through various components of the
domestic refrigerator.

I. Practical Significance

This practical will help the students to understand the internal functioning of a domestic
refrigerator, which is a critical appliance in every household. It allows them to visually and
physically trace the path taken by the refrigerant as it flows through the VVapor Compression Cycle
(VCC). Understanding this flow is vital for those entering fields such as refrigeration and air
conditioning, appliance repair, and HVAC (Heating, Ventilation, and Air Conditioning) industries.
It also helps in identifying issues like refrigerant leaks, compressor failure, or inefficient cooling,
which are common in both domestic and industrial refrigeration systems.-By completing this
practical, students gain hands-on knowledge of real-world equipment, improving their technical
proficiency and understanding of energy systems.

Il. Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer —
e Maintain refrigeration and air conditioning devices.
e Detect faults or inefficiencies in the system
e - Communicate findings effectively with diagrams and technical language.

I1l.  Course Level Learning Outcome (CO)
COL1- Assess the performance of given refrigeration systems.

IV. Laboratory Learning Outcome(s)
e Prepare a schematic diagram showing the various components of a domestic refrigerator.
e Prepare a sketch of the flow path of refrigerant

V. Relative Affective Domain Related Outcome(s)
e Demonstrate working as a leader/a team member.
¢ Maintain tools and equipment.
e Handling equipment responsibly and reporting observations honestly.
e Follow ethical Practices.

VI.  Minimum Theoretical Background
Before conducting this practical, students should:

e Know the construction and working of the refrigeration system.

e ldentify various subassemblies of refrigeration and refrigeration systems.

o Identify the accessories of refrigeration and the refrigeration system.

e Know the Vapor Compression Cycle (VCC) and be able to draw on P-H and T-S
diagrams.

e Identify the parts of VCRS

e Understanding how pressure and phase changes affect temperature.

Maharashtra State Board of Technical Education K Scheme
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Power Engineering (315371)

A domestic refrigerator is a household appliance used to preserve food for short periods by
maintaining a cold environment through refrigeration. It consists of a metal cabinet with a sealed
refrigerating unit that operates on the Vapor Compression Cycle (VCC). In this cycle, a
refrigerant gas is compressed and condensed into a high-pressure liquid in the condenser coils,
where it releases heat to the surrounding air. The liquid then passes through an expansion valve,
cooling rapidly as it enters the evaporator coils inside the fridge and freezer, where it evaporates
and absorbs heat, thus cooling the interior. This cycle repeats continuously to maintain the
desired temperature. Modern refrigerators typically use HFC-134a (1,1,1,2-Tetrafluoroethane)
as a refrigerant, which is safer for the ozone layer compared to older Freon-based gases. The
main purpose of refrigeration is to slow down bacterial activity in-food, thereby extending its
freshness. Temperature regulation is-managed by a thermostat, a closed-loop control device that
senses and maintains the internal temperature near a set point by controlling the cooling process.

VII. Experimental setup
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Figure 1.1 Domestic refrigerator
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Figure 1.3 Actual Cut-section of household refrigerator representing PUF insulating back
panel, Condenser coil.

Mabharashtra State Board of Technical Education K Scheme
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Figure 1.4 Actual Cut-section of a household refrigerator representing Evaporator
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Figure 1.5 Components of Domestic refrigerator
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VIII.  Required Resources /Apparatus/Equipment with specifications

Parameters /

S. No. Name of the resource

Suggested Broad Specification Quantity

An actual working or scrap unit of a
1 Domestic Refrigerator | domestic refrigerator of a minimum of 165 01
liters, having all the necessary parts

IX. Precautions to be Followed

e Ensure that the refrigerator is connected to with proper electric power supply.
e Ensure that the refrigerator door is tightly closed.

e Avoid improper handling.

e Use safety shoes.

e Use tools safely.

X.  Procedure
Select the domestic refrigerator model for demonstration.

Observe the model selected for study purposes.

Explain the working principle of a domestic refrigerator.

Identify and locate the major components.

Observe the location of each component.

State the functions of each component of a domestic refrigerator

Locate the refrigerant tubes connecting different parts and trace the path of the refrigerant.
Using arrows or labels, mark the direction of refrigerant flow through all components.

N~ whE

XI.  Observations and calculations
Draw the labeled diagram of the domestic refrigerator showing the path of refrigerant

Maharashtra State Board of Technical Education K Scheme
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Complete the following observation table

Sr. Particulars/ Type& . Refrigerant
No Component Make Function State Pressure Process
1 Compressor
2 Condenser
3 Expansion
Valve
4 Evaporator
XII Results
XII.  Interpretation of Results
XIV. Conclusions and Recommendations
Maharashtra State Board of Technical Education K Scheme
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XV. Practical Related Questions
Note: Below given are a few sample questions for reference. Teachers must design more such

questions to ensure the achievement of the identified CO.

1.
2.

Enlist the components of a domestic refrigerator with their material

State the significance of the capillary tube as a throttling device in maintaining pressure control
and efficient refrigeration operation.

Illustrate the importance of regularly inspecting and maintaining the evaporator to prevent
frost buildup and ensure optimal cooling performance.”

Explain the significance of the change in pressure of refrigerant from high pressure to low
pressure.

State the role of the evaporator in the refrigeration cycle.

[Space for Answer]

Maharashtra State Board of Technical Education K Scheme
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XVI.  References / Suggestions for Further Reading
e https://www.youtube.com/watch?v=XO2PBDMEHfs&list=PLJjrv2_3aFXdh1PQVeO1RRI_
NmXiiPZh0&index=8

e https://www.youtube.com/watch?v=urFrdSAImyM&dlist=PLJjrv2 3aFXdh1PQVeO1lRRI_N
mXiiPZh0&index=9

e https://www.youtube.com/watch?v=RR-3Ug--400

XVII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 Component Identification Accuracy 20%
2 Understanding of Flow Direction 20%
3 Observation and Recording Skills 20%
Product Related (10 Marks) (40%)
4 Logical Analysis of Observations 10%
5 Conclusions 10%
6 Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related Total
(15) (10) (25)
Maharashtra State Board of Technical Education K Scheme
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Practical No. 2: Test on vapor compression refrigeration test rig

l. Practical Significance

The vapor compression refrigeration system is the most commonly used cycle in domestic,
commercial, and industrial applications. Understanding its performance is crucial for
engineers working in HVAC (Heating, Ventilation, and Air Conditioning), automotive,
food preservation, and industrial cooling fields. Determining the Coefficient of
Performance (COP) helps evaluate the system's energy efficiency, enabling optimization
and energy savings. Practical Significance: The vapor compression refrigeration cycle
includes a hermetically sealed compressor, condenser, expansion devices, and evaporator.
The working medium, called a refrigerant, is used-in vapor form to.produce the cooling
effect. The refrigerating effect is the amount of cooling generated by the system, which
requires ‘energy. Vapor-compression refrigeration, or vapor-compression refrigeration
system (VCRYS), involves phase changes of the refrigerant and is among the most common
methods for air conditioning in buildings and automobiles. The coefficient of performance
is the ratio of the refrigerating effect to the work done by the compressor.

1. Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer —
e Ability to analyze and interpret refrigeration system performance.
e Capability to handle instrumentation and troubleshoot refrigeration systems.
e Application of thermodynamics and heat transfer in practical setups.

IIl.  Course Level Learning Outcome (CO)
COL1 - Assess the performance of given refrigeration systems.

IV. « Laboratory Learning Outcome(s)
e  Perform the test using a vapor compression refrigeration test rig to measure the
various parameters, like temperature, pressure, etc.
e Calculate the COP of the system.

V. Relative Affective Domain Related Outcome(s)
e Follow safety practices.
e Practice good housekeeping.
e Work as a leader / a team member.
e Follow ethical Practices.
e Promote teamwork and communication during group experiments.

Maharashtra State Board of Technical Education K Scheme
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VI.  Minimum Theoretical Background

A vapor compression refrigeration (VCR) system is one of the most widely used
refrigeration cycles. It is used in refrigerators, air conditioners, and heat pumps. The vapor
compression cycle operates based on the phase change of a refrigerant, which absorbs heat
from a low-temperature area and releases it to a high-temperature area. The cycle involves
compression, condensation, expansion, and evaporation of the refrigerant. The theoretical
analysis of the VCR cycle involves assessing the system's thermodynamic performance. In
an ideal cycle, the process includes isentropic compression, isobaric heat rejection in the
condenser, isenthalpic expansion in the expansion device, and isobaric heat absorption in
the evaporator. During testing, various parameters are measured, including temperatures
and pressures at key points, the power used by the compressor, and the refrigerant flow
rate. These values are used to determine the refrigeration effect, work input, and the
system’s coefficient of performance (COP). The COP is a vital measure of system
efficiency and is defined as the ratio of the refrigeration effect to the work input.

VII. - Experimental setup

Figure 2.1 Vapor compression refrigeration Test rig

VIIl. Required Resources /Apparatus/Equipment with specifications

Sr. No | Name of Resource Suggested Broad Specification Quantity

Compressor: Hermetically sealed compressor having
cooling capacity of (1/4 ton).

\Vapor compression Evaporator: Air-cooled / Plate-type heat exchanger.

1 refriceration Test ri Condenser: Air-cooled finned tube type or water- 1
g g cooled shell and tube type.
Expansion Device: Capillary tube or thermostatic
expansion valve (TEV).
Maharashtra State Board of Technical Education K Scheme

Page 10



Power Engineering (315371)

Sr. No | Name of Resource Suggested Broad Specification Quantity
Pressure Gauges:2 Nos. (High pressure & Low
pressure) Range: 0-300 psi (HP), 0-150 psi (LP).
Rota meter: For measuring the flow rate of liquid
refrigerant. Capacity: 0 to 100 LPH.
IX.  Precautions to be Followed
e Ensure there is no leakage of refrigerant before starting the experiment.
e Never operate the unit, keeping the condenser fan switched off.
o Before taking.any readings, allow the system to run for at least 5-10 minutes so that it
reaches a steady-state operating condition.
e Run the system under recommended conditions only — avoid exceeding specified
pressure and temperature limits.
e Startand shut down the compressor gradually.
e Do not block airflow to the condenser or evaporator coils.
¢ Do not touch electrical connections or the wattmeter with wet hands.
X. Procedure
1. Refer to the manual supplied by the manufacturer and identify different components
and controls of the refrigeration test rig.
2.  Select a capillary tube or thermostatic expansion valve (TEV) by using manually
operated shut-off valves.
3. Fill three-fourths of evaporator tank with water
4. ' Switch on the condenser fan, and after two minutes, switch on the compressor.
5.. ' Watch the thermometer reading of the water in the evaporator; it will go on reducing.
6.  As the temperature of the Water reaches around 20°C, switch on the heater unit.
7. Adjust the dimmer stat of the heater such that the temperature of the water does not
further fall.
8. Runtheunit till steady state is reached, i.e. temperature of the water remains constant.
9. Read the condenser & evaporator pressure gauges & enter-them inthe observation
table.
10.  Note the temperature reading on the digital temperature indicator by turning the knob.
11.  Measure the time taken for 10 revolutions of the energy meter disc of the compressor
and heater (i.e., Tc & Tn). (In case of an electronic energy meter, measure the time
taken for 10 pulses.)
12.  Switch off the unit in the following order: heater, compressor, and condenser fan.
Maharashtra State Board of Technical Education K Scheme
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XI.  Observations and calculations
Observations:
Sr. N . .
No. Description Symbol Unit Reading
1 Evaporator pressure Pe bar
2 Condenser pressure Pc bar
3 Evaporator Inlet Temperature Tei 0c
4 Evaporator Outlet Temperature Teo 0c
5 Condenser Inlet Temperature tei Oc
6 Condenser Outlet Temperature tco 0c
; Timefor10revolutionsofpulsesofenergy T e
meter of compressor ¢
Timefor10revolutionsofpulsesofEnergy
8 meter of Heater T SeC
9 Energy meter constant for Heater Nh (rev/ikWh)
10 Energy meter constant for Compressor N (rev/ikWh)
Calculations:
a. Carnot COP:
Read from the refrigerant property table and fill the following table for the calculation of
Carnot COP
Sr.
No. Description
1 Ty=Saturation temperature corresponding to Pe=............. +203="....L.LN.... K
2 Tw=SaturationtemperaturecorrespondingtoPc=............ 273t K
Carnot COP=T./(Tu-TL)
b. Theoretical COP —

Plot the cycles on P-h chart for the refrigerant used and fill in the table given below for
Calculation of theoretical COP

Maharashtra State Board of Technical Education
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ﬁgﬂ Description Symbol Reading in kJ/kg
1  |[Enthalpy at the evaporator inlet hei
2  [Enthalpy at the evaporator outlet heo
3 [Enthalpy at the condenser inlet hci
4  [Enthalpy at the condenser outlet hco

[=2
oar) |
tcf
Pe p-——- =
| L
f
b
Pe |—/--— ;
tel ;4 / Lliteo :
B ) ]
i i
hei=shco heo  nci R

KIKg

Figure 2.2 P-H Diagram for VCR cycle

Theoretical COP
= (Theoretical Refrigerating Effect) / (Theoretical Compressor Work)

= (heo-hei) /(hci-heo)

c. Actual COP -
Actual COP = (Actual Refrigerating Effect) / (Actual work supplied to compressor)
Here, actual Refrigerating Effect = Heat produced by the heater
R.E. = (10/ Nn) x (3600 / Th) kW

Maharashtra State Board of Technical Education K Scheme
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If the heater is not used
Refrigeration Effect = {Mw* Cpw* (T2-T1)} / time required for cooling from initial to final
water temperature
Where T1= Initial temperature of water
T2 = Final temperature of water
Mw = mass of water in evaporator
Actual energy supplied to the compressor
W, = (10 / Nc) x (3600 / Th) kW

=(10/.......... ) X (3600/......... ) kW

Actual COP = Refrigeration Effect /Actual energy supplied to compressor

=RE. /W,

e e . . g
XIl.. - Results
XIII. Interpretation of Results

Maharashtra State Board of Technical Education K Scheme
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XV. Practical Related Questions

1. Trace and label the path of refrigerant through all components: compressor, condenser,
expansion device, and evaporator in a refrigeration unit.

2. Enlist an instrument to measure the flow rate of the refrigerant and the power
consumption

3. Explain how the enthalpy at different points in the system is used to determine the
efficiency and performance of the refrigeration cycle.

4. Explain how the choice of refrigerant impacts the performance and environmental
considerations of the refrigeration system.

5. Select an appropriate compressor based on application needs, energy efficiency, and
reliability in . domestic refrigeration.

[Space for Answer]
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XVI. References / Suggestions for Further Reading

e https://www.youtube.com/watch?v=X0O2PBDMEHfs&list=PLJjrv2_3aFXdh1PQVeO1RRI_
NmXiiPZhO&index=8

e https://www.youtube.com/watch?v=urFrdSAImyM&list=PLJjrv2_3aFXdh1PQVeO1lRRI_N
mXiiPZh0&index=9

e https://lwww.youtube.com/watch?v=RR-3Ug--400

XVII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 Ability to operate the refrigeration test rig 20%
2 Ability to measure pressure & temperature at salient points of the 20%
system
3 Observation and Recording Skills 20%
Product Related (10 Marks) (40%)
4 Logical Analysis of Observations 10%
5 Conclusions 10%
6 Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related Total
(15) (10) (25)
Maharashtra State Board of Technical Education K Scheme
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[Space for P-H Chart]

(The student should paste the P-H chart of the respective Refrigerant)
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Practical No. 3: Assemble / Dismantle various Components of water cooler

Practical Significance

The practical exercise of assembling and dismantling various components of a water cooler
holds significant practical importance in technical and vocational training. It provides
students with essential hands-on experience, allowing them to develop the skills required to
handle tools and components effectively. Through this activity, students gain a clear
understanding of the function and interconnection of each part, such as the compressor,
condenser, fan, and thermostat, which deepens their knowledge of how a water cooler
operates as a complete system. It also equips them with the ability to identify and
troubleshoot faults, which is crucial for maintenance and repair work in real-world settings.
Additionally, this practical emphasizes the importance of safety protocols when dealing with
electrical appliances and refrigerants, thereby fostering responsible and safe working habits.
By bridging theoretical knowledge with real applications, the exercise enhances diagnostic
thinking and problem-solving abilities. Ultimately, it prepares students for employment in the
appliance repair and HVAC industries, making them more job-ready and industry-relevant.

Industry/Employer Expected Outcome (s)

This practical is expected to develop the following skills for the industry/Employer -

“The students are expected to demonstrate the ability to safely and efficiently assemble,
dismantle, and troubleshoot water cooler components, meeting industry standards for
appliance maintenance and repair”.

Course Level Learning Outcome (CO)
CO 1- Assess the performance of given refrigeration systems.

IV. Laboratory Learning Outcome(s)
e Select the proper tools for dismantling/assembling.
e Perform the dismantling /assembling of given'water cooler by following proper
sequence.
V. Relative Affective Domain Related Outcome(s)
e Follow safety practices.
e Practice good housekeeping.
e Maintain tools and equipment.
e Follow ethical Practices.
VI.  Minimum Theoretical Background
To perform this practical effectively, students must possess a fundamental theoretical
understanding of refrigeration and appliance systems. They should be familiar with the basic
principles of the refrigeration cycle, including the processes of evaporation, compression,
condensation, and expansion, and understand the role of refrigerants in heat transfer. A clear
knowledge of the functions of key components such as the compressor, condenser, evaporator,
Maharashtra State Board of Technical Education K Scheme
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fan, thermostat, and filter/drier is essential for identifying and correctly handling each part
during assembly or disassembly. Understanding the correct use of common tools such as
screwdrivers, pliers, spanners, and multimeters is also necessary. Students should be aware of
the correct sequence for disassembling and reassembling parts, ensuring that components are
handled carefully and installed accurately. This theoretical background provides the necessary

foundation for carrying out the practical task with competence, safety, and confidence.

VII. Experimental setup

Valve

Thermaostat

WA A A A A WA A A A A L L

ri

Water in

Vapour
refrigerant

P=—Evaporator

D
D

D

Liquid refrigerant
Ty -——

coil

—_—
Cold water

5

L L L L

A N S S S S S S S -~ A A A -~ L
—

n out

N

Condenser

(1%

7

Strainer

Capillary
tube

Figure 3.1 Schematic diagram of a Water cooler

Figure 3.2 Water cooler

fre— Cold water
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VIIl. Required Resources /Apparatus/Equipment with specifications
Sr. No Name of Resource Suggested Broad Specification | Quantity
1 Actual working or scrap unit | minimum  200-liter ~ capacity, 1
of water cooler having all necessary parts
Flaring tool, Spanner, Piercing
) HVAC Tool Box Pliers, Hammer,_ Side cutt_er, 1
Cordless-screw driver, Rounding
tool

IX.  Precautions to be Followed
e Avoid improper handling of the water cooler system.
e Usespecial and recommended tools for the assembly and dismantling of the water cooler.
e Use a clean workbench for assembly and dismantling.
e Unplug the water cooler before dismantling.

X. Procedure
1. Visually inspect the unit.
2. Power off the cooler and unplug it from the power source
3. Drain any remaining water from the cooler by opening the drain valve or removing the
water tank.
4. Use a screwdriver to remove all screws that hold the outer body or casing of the cooler
5. Disconnect the water inlet pipe by loosening any screws or using pliers.
6. Locate the water pump inside the unit.
7. Carefully remove the fan and motor assembly from the unit.
8. Inspect electrical wiring and components.
9.. Inspect all electrical components (motor, fan, and pump) for any visible wear or damage.
10. Cut all visible protruding parts and store them separately.
11. Unscrew the compressor manually with a spanner.
12. Position the water pump back into its original place.
13. Reconnect the electrical wiring to the water pump, ensuring-it is secure and insulated.
14. Place the fan and motor assembly back into the unit.
15. Position the water tank back into the unit.
16. Reconnect the water inlet pipe to the tank.
17. Align the outer casing or panels back onto-the unit.

Maharashtra State Board of Technical Education K Scheme
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XI. Observations and calculations

Technical Action needs to

mponent/Par Tool i
Component/Part ools Used Observations/Faults be taken

Water Cooler Unit

Outer Body

Water Tank

Water Pump

Compressor

Condenser

Cooling Fan & Motor

Filter

Evaporator coil

XIl. Results

XIII. Interpretation of Results

Maharashtra State Board of Technical Education K Scheme
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XIV. Conclusions and Recommendations

XV. Practical Related Questions
1. State the function-of the main components of a water cooler.
2. State the role of the cooling fan in-a water cooler.
3. Demonstrate measures to identify and fix leaks during reassembly.
4. Explain the role of the water cooler’s filtration system in-contributing to its overall
performance.

5. lllustrate the critical role of the water pump and the importance of monitoring factors
that affect its performance.

[Space for Answer]
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XVI. References / Suggestions for Further Reading

e https://archive:nptel.ac.in/content/storage2/courses/112105129/pdf/RAC%20%20Lecture
%201.pdf

e https://archive.nptel.ac.in/courses/112/105/112105129/
e https://www.youtube.com/watch?v=Yvv9QuJTecl

XVII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 Handling of the toolkit tools 20%
2 Identification of water cooler components 20%
3 Observation and Recording Skills 20%
Product Related (10 Marks) (40%)
4 Logical Analysis of Observations 10%
5 Conclusions 10%
6 Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related Total
(15) (10) (25)
Maharashtra State Board of Technical Education K Scheme
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Practical No. 4: Use of sling psychrometer

Practical Significance

The sling psychrometer is a simple instrument used to measure relative humidity by
comparing dry bulb and wet bulb temperatures. Through this experiment, students develop
a basic understanding of the psychrometric properties of air, such as humidity, which are
important in various engineering fields, including mechanical, civil, environmental, and
HVAC (Heating, Ventilation, and  Air Conditioning). For mechanical engineers,
understanding air properties like temperature, humidity, dew point, and enthalpy is crucial
for designing and analyzing air conditioning systems, cooling-towers, refrigeration units,
and ventilation systems. For-example, in HVAC systems, precise humidity measurements
are vital for creating and maintaining comfortable indoor environments. Students also learn
to operate basic-meteorological tools, enhancing their observational skills and analytical
thinking. Additionally, this practical session improves their abilities in_instrument
handling, manual data collection, and using psychrometric charts, which are commonly
applied in mechanical engineering.

Industry/Employer Expected Outcome (s)

This practical is expected to develop the following skills for the industry/Employer -
“Ability to accurately measure and analyze humidity using a sling psychrometer for
effective application in HVAC, thermal systems, and environmental control.”

Course Level Learning Outcome (CO)
CO2 - Measure the cooling capacity of air-conditioning systems.

IV.  Laboratory Learning Outcome(s)
Measure air properties of conditioned air, such as dry bulb temperature, wet bulb
temperature using a sling psychrometer.
V. Relative Affective Domain Related Outcome(s)
o Follow safety practices.
e Practice good housekeeping.
e Demonstrate working as a leader/team member.
e Maintaintools and equipment.
e Follow ethical practices.
VI.  Minimum Theoretical Background
A sling psychrometer is a simple instrument used to measure relative humidity in the
atmosphere. It consists of two thermometers: a dry bulb thermometer, which measures the
ambient air temperature, and a wet bulb thermometer, which has a moist cloth (wick)
wrapped around its bulb. When the psychrometer is rotated or "slung™" through the air,
evaporation from the wet bulb causes cooling, resulting in a lower temperature reading
compared to the dry bulb. The rate of this cooling depends on the moisture content of the
Maharashtra State Board of Technical Education K Scheme
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air; drier air causes more evaporation and a greater temperature drop, while humid air
causes less. The difference between the dry bulb and wet bulb temperatures is called the
wet bulb depression, and it is directly related to the relative humidity. By using standard
psychrometric tables or charts, students can determine the relative humidity of the air based
on the observed temperature difference.

VII. Experimental setup

Figure 4.1 Digital Psychrometer

Figure 4.2 Sling Psychrometer

Maharashtra State Board of Technical Education K Scheme
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VIII.

Required Resources /Apparatus/Equipment with specifications

Sr. No

Name of Resource Suggested Broad Specification Quantity

Temperature Range -10°C to 50°C
Accuracy - £0.5°C
Resolution - 0.5°C or 1.0°C 1
Thermometer Type -Mercury or alcohol-
filled glass thermometers

Sling Psychrometer

IX.

Precautions to be Followed

Avoid dropping or hitting the psychrometer against surfaces.

Ensure the thermometers are intact and not leaking.

The 'wet bulb wick should be thoroughly soaked with clean, distilled water before use.
Conduct the test in-an open, well-ventilated area to ensure proper airflow across the bulbs

Procedure

Note- For manually operated sling psychrometer)

1." Dip the cotton wick around the wet bulb in clean distilled water using a dropper or by

submerging it in a small container.
2. Ensure the wick is fully saturated and covers the bulb tightly and evenly.
3. Record the initial dry bulb and wet bulb temperatures before spinning.
4. Hold the handle firmly and swing the sling psychrometer in the air for about 1-2 minutes

at a consistent speed

5. Ensure good airflow and avoid areas with direct sunlight, heaters, or fans.
6. Stop swinging, and immediately record the Dry Bulb Temperature and Wet Bulb

Temperature.
7.. Repeat the process 2—3 times to ensure consistent and accurate readings.
8. 'Calculate the Wet Bulb Depression.
9. Use apsychrometric chart or humidity tables to find the relative humidity corresponding to

the dry bulb temperature and wet bulb depression

XI.  Observations and calculations
. Specific
Dry Bulb Wet Bulb Wet Bulb Relative .
. ) . Humidity
Location Temperature | Temperature | Depression Humidity Kg/Kg of dry
(DBT) (WBT) (°C) (%) air
Maharashtra State Board of Technical Education K Scheme
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XIIl. Interpretation of Results

XV. Practical Related Questions

1. State the working of a sling psychrometer.

2. Describe why the wet bulb temperature is usually lower than the dry bulb temperature
during sling psychrometer operation

3. Define wet bulb depression and explain its significance in determining relative humidity

4. Evaluate the difference in results between a properly soaked and a dry wick in a sling
psychrometer reading

5. Explain how sling psychrometer readings help assess environmental conditions for
HVAC system design and operation.

[Space for Answer]
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XVI. References / Suggestions for Further Reading

e https://lwww.youtube.com/watch?v=81d1SZQpWY 0&list=PLJjrv2_3aF
Xdh1PQVeO1RRI_NmXiiPZh0&index=23

e https://www.youtube.com/watch?v=e2lryaMQQ6A&list=PLJjrv2_3aF
Xdh1PQVeOlRRI _NmXiiPZh0&index=24

e https://www.youtube.com/watch? v=|_3K5Hr6bB8&Ilist=PLJjrv2_3aF
Xdh1PQVeO1RRI -NmXiiPZh0&index=25

XVII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 Handling of the measuring Instrument 20%
2 | Observation and Recording Skills 20%
3 Calculation of final readings 20%
Product Related (10 Marks) (40%)
4 Logical Analysis of Observations 10%
5 Conclusions 10%
6 Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related Total
(15) (10) (25)
Maharashtra State Board of Technical Education K Scheme
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Practical No. 5: Assemble / Dismantle various components of window air

conditioner.

Practical Significance

This practical will provide hands-on experience with HVAC equipment, enabling students to
closely examine and understand the internal layout and operation of various components,
including the compressor, evaporator, condenser, fan motor, and thermostat. Practical skills
development is essential for careers in HVAC servicing and appliance maintenance, including
maintenance, fault diagnosis, and repair. Through this exercise,.students also gain insight into
how mechanical -and -electrical systems. integrate-and function-together within an air
conditioner. They learn to identify common faults, such-as poor cooling; abnormal noises, or
water leakage, and apply standard troubleshooting techniques, which builds their analytical
and problem-solving abilities. Moreover, safety awareness is emphasized during the practical,
including the correct use of tools, handling of electrical components, and basic knowledge of
refrigerant safety.

Industry/Employer Expected Outcome (S)

This practical is expected to develop the following skills for the industry/Employer -

“The students are expected to demonstrate the ability to safely and efficiently assemble,
dismantle, and troubleshoot water cooler components, meeting industry standards for
appliance maintenance and repair”.

Course Level Learning Outcome (CO)
CO2 - Measure the cooling capacity of air-conditioning systems.

IV. Laboratory Learning Outcome(s)
e Select the proper tools for dismantling/assembling.
e  Perform the dismantling /assembling of the given window air conditioner by following
proper sequence
V. Relative Affective Domain Related Outcome(s)
e Follow safety practices.
e Practice good housekeeping.
e Maintain tools and equipment.
e Follow ethical Practices.
VI.  Minimum Theoretical Background
To perform this practical effectively, students must possess a foundational understanding of
several theoretical concepts related to air conditioning systems. They should have a clear
knowledge of basic refrigeration principles, including the refrigeration cycle (evaporation,
compression, condensation, and expansion) and how it is applied in air conditioning. A
window air conditioner is a compact, self-contained unit that is typically installed in a window
Maharashtra State Board of Technical Education K Scheme
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or a wall opening, designed to cool a single room. It operates on the principle of the vapor
compression refrigeration cycle, which includes four main stages: compression, condensation,
expansion, and evaporation. Understanding this cycle is crucial, as it explains how heat is
absorbed from the room and released outside, resulting in cooling. The main components
involved in this cycle include the compressor, which compresses low-pressure refrigerant gas
and turns it into a high-pressure, high-temperature gas. This gas then flows through the
condenser coil, where it releases heat to the outside air and condenses into a liquid. The liquid
refrigerant then passes through the expansion device, typically a capillary tube, which reduces
its pressure and temperature. After expansion, the refrigerant enters the evaporator coil, where
it absorbs heat from the room air and evaporates into a low-pressure gas again. This gas returns
to the compressor, and the cycle repeats. Along with these core components, students must be
familiar with auxiliary parts such as the blower or fan, which-helps circulate room air over the
evaporator and outdoor air over the condenser. The air filter traps dust and improves air quality,
while ‘'the thermostat monitors and controls the room temperature by regulating the
compressor’s. operation. A basic understanding of electrical components is also necessary,
including the capacitor, overload protector, and wiring connections, which ensure the proper
functioning of the compressor and fan motor.

VIIl. . Experimental setup
Condenser Fan
Condenser Coil
Compressor
Ewaporator Coil
Figure 5.1 Window air conditioner unit
Maharashtra State Board of Technical Education K Scheme
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Figure 5.2 Schematic diagram of Window air conditioner

VIIl.  Required Resources /Apparatus/Equipment with specifications
Sr. No Name of Resource Suggested Broad Specification | Quantity
1 Actual working or scrap unit | As per standard having all 1
of a window air conditioner necessary parts

Flaring tool, Spanner, Piercing

5 HVAC Tool Box Pliers, Hammer,- Side cut'Fer, 1
Cordless screw driver, Rounding
tool

IX.  Precautionsto be Followed
e Avoid improper handling of the system.
e Use special and recommended tools for the assembly and dismantling of window air
conditioner unit.
e Use a clean workbench for assembly and dismantling.
e Unplug the window air conditioner unit before dismantling.

X.  Procedure
1. Visually inspect the unit
2. Power off the window air conditioner unit and unplug it from the power source
3. Remove Front Grille and Filter.
4. Unscrew the control panel cover (contains switches, thermostat, and wires).

Maharashtra State Board of Technical Education K Scheme
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o

Unscrew and lift off the metal outer shell (cabinet).

Unscrew and pull off the evaporator (indoor) and condenser (outdoor) fan blades from the
motor shatft.

7. Remove the Blower and Fan Motor.

8. Identify the compressor, copper tubing, and capacitor.

9. Reinstall the Fan Motor and Blades.

10. Reattach the Control Panel.

11. Place the Outer Case.

12. Insert Filter and Front Grille.

13. Inspect all components.

o

XI.  Observations and calculations

Technical Observations-| Action needs to

Component/Part Ul Jese (Observed condition) be taken

Front Grille / Cover

Air Filter

Control Panel (Switches,
Thermostat)

Outer Body (Metal
Body)

Evaporator Coil
(Indoor)

Condenser Coil
(Outdoor)

Blower Fan (Indoor)

Condenser Fan
(Outdoor)

Fan Motor

Compressor

XIl. Results

Maharashtra State Board of Technical Education K Scheme
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XIIl.  Interpretation of Results
XIV. Conclusions and Recommendations

XV. Practical Related Questions

1. Describe the primary function of a window air conditioner in maintaining indoor thermal
comfort

2. Explain the location and role of the evaporator coil in the cooling process of a window air
conditioner.

3. List the safety precautions necessary before servicing or dismantling a window air
conditioner.

4. Explain the common problems that occur with air filters in window AC units and their
effects on performance.

5. List the names of Indian manufacturers of window air conditioners along with their range
of capacity in TR.

[Space for Answer]
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XVI.  References / Suggestions for Further Reading

e https://www.youtube.com/watch?v=ExNJoT_2Xel&Ilist=PLJjrv2_3aF
Xdh1PQVeO1lRRI_NmXiiPZh0&index=22.

e https://www.youtube.com/watch?v=v_kptwloaM8&list=PLJjrv2_3aFXdh1PQVeO1lRRI
_NmXiiPZh0&index=18

e https://www.youtube.com/watch?v=1DguNZsvZcO0&list=PLJjrv2_3aFXdh1PQVeOlRR
I_NmXiiPZh0&index=38

e https://www.youtube.com/watch?v=kfnJPj208 XM

XVII.  Rubrics for Assessment Scheme
Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 Handling of the toolkit tools 20%
2 Identification of components 20%
3 Observation and Recording Skills 20%
Product Related (10 Marks) (40%)
4 Logical Analysis of Observations 10%
5 Conclusions 10%
6 Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related Total
(15) (10) (25)
Maharashtra State Board of Technical Education K Scheme
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Practical No. 6: Test on window air conditioner

I.  Practical Significance

This practical exercise is particularly significant for students as it provides them with a
comprehensive understanding of HVAC systems, which are integral to modern infrastructure.
A window air conditioner comprises essential HVAC components, including the compressor,
condenser, evaporator, expansion valve, and fan. By engaging in testing these units,
students gain firsthand experience in-identifying and understanding the function of each
component, measuring and interpreting parameters-like temperature, pressure, and airflow,
and assessing system performance under various operating conditions. This exposure is
crucial, as HVAC systems are integral to modern infrastructure, and. proficiency in their
operation and maintenance is highly valued in the industry.

Il.  Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer —
e Ability to analyze and interpret air conditioning system performance.
e Capability to handle instrumentation and troubleshoot air conditioning systems.
e Application of thermodynamics and heat transfer in practical setups.

I1l. =~ Course Level Learning Outcome (CO)
CO2 - Measure the cooling capacity of air-conditioning systems.

IV.  Laboratory Learning Outcome(s)
e Perform atest using a window air conditioner to measure temperature, pressure, mass flow
rate, etc.
e Perform a test using a window air conditioner to determine its COP.

V. Relative Affective Domain Related Outcome(s)
e Follow safety practices.
e Practice good housekeeping.
e Work as a leader / ateam member.
e Follow ethical Practices.
e Promote teamwork and communication during group experiments.

VI.  Minimum Theoretical Background
A window air conditioner (AC) is a compact, self-contained unit designed for cooling
individual rooms. It operates on the principles of the vapor-compression refrigeration cycle,
utilizing refrigerant to transfer heat from the indoor air to the outdoor environment. The
primary components of a window AC include the compressor, condenser, expansion valve (or
capillary tube), evaporator, and fans. The compressor, located on the outdoor side of the unit,
compresses the refrigerant gas, raising its pressure and temperature. This high-pressure, high-
temperature gas then flows into the condenser coils, where it releases heat to the surrounding
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air and condenses into a high-pressure liquid. The liquid refrigerant passes through the
expansion valve, experiencing a pressure drop that cools it significantly. This low-pressure,
cold liquid refrigerant then enters the evaporator coils inside the room. As the indoor air blows
over the evaporator coils, the refrigerant absorbs heat from the air, causing it to evaporate into
a gas. The cooled air is then circulated back into the room, lowering the indoor temperature.
The efficiency of a window AC is often measured using the Coefficient of Performance (COP),
defined as the ratio of heat removed from the cooled space to the work input required.

VII.  Experimental setup

WINDOW AC TEST RIG

Figure 7.1: Window air conditioner test rig
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VIIl.  Required Resources /Apparatus/Equipment with specifications
Sr. No Name of Resource Suggested Broad Specification | Quantity
Compressor: Hermitically sealed
compressor with a capacity of 1
Ton.
Condenser: Air-cooled.
Condenser coaoling fan
Pressure Gauges: 2-Nos. (For
suction & discharge pressure)
1 Window air conditioner test rig | Evaporator: Window-type 1

with-1 to 2 TR cooling capacity

Expansion  Device: . Capillary
Tube compatible capacity.
Temperature Sensor: RTD PT-
100 Type.

Digital VVoltmeter: 0-500 V
Digital Ammeter: 0-20 Amp.
Digital Temperature Indicator
with multi-channel switch.

IX.  Precautions to be Followed
e Ensure there is no leakage of refrigerant before starting the experiment.
e Never operate the unit, keeping the condenser fan switched off.

e Before taking any readings, allow the system to run for at least 5-10 minutes so that it
reaches a steady-state operating condition.

e Run the system under recommended conditions only — avoid exceeding specified
pressure and temperature limits.

e Startand shut down the compressor gradually.
e Do not block airflow to the condenser or evaporator coils
e Do not touch electrical connections or the wattmeter with wet-hands.

X.  Procedure
1. Record the ambient dry bulb temperature (DBT) and wet bulb temperature (WBT) using

the sling psychrometer.

2. Switch on the AC unit and set it to the desired cooling mode.

w

Allow the system to reach steady-state operation, typically after 15-20 minutes.

4. Measure and record Evaporator inlet and outlet temperature, Condenser inlet and outlet
temperature, and temperature of air entering and leaving the conditioned space at regular
intervals.

5. Measure the condenser and evaporator side refrigerant pressures.

6. Measure the Electrical Power Consumption from the energy meter.

Maharashtra State Board of Technical Education

Page 40

K Scheme



Power Engineering (315371)

XI.  Observations and calculations
Observations:

Sr. . . Reading
No. Description Symbol Unit Value
1 |Ambient Dry Bulb Temperature DBT: Oc
2 |Ambient Wet Bulb Temperature WBT; 0c
3 (Chilled Air-Dry Bulb Temperature DBT, Oc
4 (Chilled Air Wet Bulb Temperature WBT: 0c
5 | Evaporator pressure Pe bar
6 | Condenser pressure Pc bar
7 | Evaporator Inlet Temperature tej 0c
8 | Evaporator Outlet Temperature teo Oc
9. | Condenser Inlet Temperature tci 0c
10 | Condenser Outlet Temperature tco Oc
11 Time for 10 revolutions of pulses of the T .
energy meter. i
12 | Energy meter constant for Compressor N (rev/kWh)
Calculations:
Actual COP
1. Mass Flow Rate of Air (rn):
= 0.717 xNAH
ST W .. ST Kg/sec
Where: AH = Difference in water manometer level (m).
2. Refrigeration Effect (Q):
Q=1 x Cp x AT
T e ———————— KJ/sec
Where, Cp = Specific heat of air (approximately 1.006 kJ/kg-°C).
AT = Temperature difference between inlet and outlet air in -°C
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3. Work Done by Compressor (W):
3600 x 10

Where N = Energy meter constant (rev/kWh).
t = Time for 10 revolutions (sec).
Actual COP = Q/W

Theoretical COP
Plot the cycles on P-h chart for the refrigerant used and fill in the table given below for

Calculation of theoretical COP

ngr)'. Description Symbol Reading in kJ/kg
1 |Enthalpy at evaporator inlet hei
2 - [Enthalpy at evaporator outlet heo
3 | Enthalpy at condenser inlet hci
4 . |Enthalpy at condenser outlet hco

Theoretical COP = (Theoretical Refrigerating Effect) / (Theoretical Compressor Work)
= (heo-hei) /(hci-heo)

= (PR ST )N . s )
XIl. Results
Theoretical COP = ...........ccovvvvnn....
Actual COP = ... i,
Maharashtra State Board of Technical Education K Scheme

Page 42



Power Engineering (315371)

X1, Interpretation of Results

XIV. Conclusions and Recommendations

XV. Practical Related Questions

1.

List the main components of a window air conditioner and their functions.

2. Measure the inlet and outlet air temperatures and airflow rate, and calculate the cooling
capacity of a window AC unit using the heat transfer formula.

3. Use pressure-temperature readings and refrigerant charts to calculate superheat and
subcooling values in a working window air conditioner

4. Discuss possible causes of water leakage in a window air conditioner, such as a clogged
drain pipe, improper installation, or frozen coils

5. Describe the environmental effects of commonly used refrigerants (like R-22, R-32, R-
410A) in terms of ozone depletion potential (ODP) and global warming potential (GWP).

[Space for Answer]
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XVI.  References / Suggestions for Further Reading

e https://www.youtube.com/watch?
v=ExNJoT.2Xel&list=PLJjrv2_3aFXdh1PQVeO1RRI_NmXiiPZh0&index=22

e https://www.youtube.com/watch?v=X0O2PBDMEHfs&list=PLJjrv2_3aFXdh1PQVeOlRRI_
NmXiiPZh0&index=8

e https://www.youtube.com/watch?v=474sNpYYWSY &list=PLJjrv2_3aFXdh1PQVeOlRRI_
NmXiiPZh0&index=10

e https://www.youtube.com/watch?v=e2lryaMQQ6A&list=PLJjrv2_3aFXdh1PQVeOlRRI_N
mXiiPZhO0&index=24

XVIIl. © Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (15 Marks) (60%0)
1 | Handling of the measuring Instruments 20%
2 Taking readings of the required parameters 20%
3 Observation and Recording Skills 20%
Product Related (10 Marks) (40%0)
4 Logical Analysis of Observations 10%
5 Conclusions 10%
6 Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related Total
(15) (10) (25)
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Practical No. 7: Demonstration of split air conditioner

I.  Practical Significance

This practical will bridge the gap between theoretical learning and real-world application,
allowing students to directly observe how the various components of a split air conditioning
system work together. The demonstration enables students to become familiar with the
individual components of a split air conditioning unit. They can identify and understand the
function of both the indoor and outdoor units, observe the refrigerant lines and electrical
connections, and learn -about control' systems and sensors. In addition to component
identification, the demonstration provides insight into troubleshooting and diagnostic skills.
By showing common operational issues such as refrigerant. leaks, compressor failures, or
thermostat-malfunction, students can learn how to diagnose faults and apply logical methods
to resolve them.

Il.  Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer -
¢ Understanding of split AC operation and refrigeration cycle.
e Basic troubleshooting and fault diagnosis capability.
e Proficiency in using HVAC tools and instruments.

I1l.  Course Level Learning Outcome (S)
CO2 - Measure the cooling capacity of air-conditioning systems.

IV.  Laboratory Learning Outcome(s)
e Measure the input current, voltage, working pressure, and temperature by using
appropriate measuring instruments.
e Diagnose the faults in the given air-conditioning system.

V. Relative Affective Domain-related Outcome(s)
e - Maintain tools and equipment.
e Follow ethical Practices.

VI. Relevant Theoretical Background
A split air conditioner-is a type of cooling system that separates its main components into two
units: an indoor unit and an outdoor unit, connected by refrigerant piping and electrical wiring.
Understanding its operation requires knowledge of thermodynamics, refrigeration cycles,
component functions, and control systems. Key components of a split AC system include the
compressor, condenser coil, evaporator coil, expansion device, fan motors, filters, and
refrigerant piping. The compressor, located in the outdoor unit, compresses low-pressure
refrigerant gas into a high-pressure, high-temperature gas. This gas flows through the
condenser coil, where it releases heat to the outside air and condenses into a high-pressure
liquid. The liquid refrigerant then passes through an expansion valve (or capillary tube), which
reduces its pressure and temperature. Finally, it enters the evaporator coil inside the indoor
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unit, where it absorbs heat from the room air and evaporates back into a gas, thus cooling the
indoor space. The refrigerant is a special fluid (such as R-22, R-410A, or R-32) that repeatedly
changes state (from gas to liquid and back) during the refrigeration cycle.

VII.  Experimental setup

OUTDOORS

Fan axle

INDOORS

Condenser coils

Blower

Cooling coils  Temperature
sensing bulb Indoor air

Figure 7.1 Schematic diagram of a Split air conditioner

Indoor unit

- Blower

Evaporator
(cooling coils)

Outdoor unit

Fan <3

/
Condenser {_
(condenser
<oils)

Compressor

Figure 7.2 Schematic diagram of a Split air conditioner
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Evaporator

! Maotor

i i 1

X Blower |

| |

! : Compressor
Indoor i Outdoor

Figure 7.3 Circuit diagram of a split air conditioner

VIII. Required Resources/apparatus/equipment with specifications

Sr. No Name of Resource Suggested Broad Specification Quantity

Actual working unit of Split air

conditioner Capacity — 1 to 2 TR, as per standards 1

Digital Multimeter or Clamp

Meter As per standards

Voltmeter 0-300V A.C.

Ammeter 0-20A A.C.

Thermocouples or Temperature
Sensors

oAW1
L

RTD PT 100

IX.  Precautions to be followed
e Avoid improper handling of all instruments.
e Avoid improper handling of the split-air-conditioner unit
e Use safety shoes.
e Switch off the main power supply before connecting any instruments.
e Avoid short-circuiting terminals while measuring.
X.  Procedure
Set the voltmeter (or multimeter) to AC voltage mode.
Connect the voltmeter across the input terminals of the indoor or outdoor unit.
Switch on the power supply and note the voltage.
Use a clamp meter around the live wire supplying the air conditioner.
Set the clamp meter to the AC mode.
Turn on the air conditioner and allow it to stabilize (3-5 minutes).

o aswnE
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7. Record the operating current.
8. Observe and record the low-side pressure and high-side pressure
9. Measure the Inlet air temperature and Outlet air temperature.

XI. Observation and calculations

Measured Standard Remarks/Fault
Sr. No Parameter . :
Value Range Diagnosis
1 Input Voltage (V)
2 Input Current (A)
3 Suction Pressure
(Low Side)
4 Discharge Pressure
(High Side)
5 Inlet Air Temperature (°C)
6 Outlet Air Temperature (°C)
7 Temperature Difference
(AT °C)
XIl.  Result(s)
XIII. Interpretation of results
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XIV. Conclusion and recommendation

XV.  Practical-related questions

1. Enlist the major components of a split air conditioner and explain the function of each

2. Explain what low suction pressure signifies in a refrigeration system and how it affects
system performance.

3. Set and adjust the thermostat of a split AC system to maintain a desired room temperature
and observe its effect on the compressor cycle

4. lustrate why thermal insulation is applied to copper tubing in air-conditioning systems,
especially the suction line.

5. Troubleshoot a split air conditioner where the indoor unit is running but not cooling, and
identify the root cause through inspection and diagnostic tools.

[Space for Answer]
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XVI.  References/Suggestions for further reading

e https://www.youtube.com/watch?v=YUgN5Dbmpg&list=PLJjrv2 3aFXdh1PQVeOlRR
I_NmXiiPZh0&index=36

e https://www.youtube.com/watch?v=X0O2PBDMEHfs&list=PLJjrv2_3aFXdh1PQVeO1lR
RI_NmXiiPZh0&index=8

e . https://www.youtube.com/watch?v=474sNpYYWSY &list=PLJjrv2_3aFXdh1PQVeO1R
RI_NmXiiPZh0&index=10

e https://www.youtube.com/watch?v=e2lryaMQQ6A&list=PLJjrv2_3aFXdh1PQVeOlRR
I NmXiiPZh0&index=24

XVIIl. © Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 | Handling of the measuring Instruments 20%
2 Taking readings of required parameters 20%
3 Observation and Recording Skills 20%
Product Related (10 Marks) (40%)
4 Logical Analysis of Observations 10%
5 Conclusions 10%
6 Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related Total
(15) (10) (25)
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Practical No. 8: Test on air conditioning test rig.

I.  Practical Significance

The primary objective of engaging with an air conditioning test rig is to familiarize students
with the vapor compression cycle, the fundamental operating principle of most air conditioning
systems. By performing experiments on the test rig, students can observe and analyze the
various stages of the cycle, including compression, condensation, expansion, and evaporation.
This practical exposure enables students to comprehend the thermodynamic processes
involved and the factors influencing system performance. Furthermore, practical tests on the
air conditioning rig facilitate the calculation of key performance indicators such as the
Coefficient of Performance (COP). By measuring parameters.like temperature, pressure, and
power consumption, students can determine the efficiency of the system and identify areas for
optimization.

1. Industry/Employer Expected Outcome (S)
This practical is expected to develop the following skills for the industry/Employer —
¢ Ability to analyze and interpret air conditioning system performance.
e Capability to handle instrumentation and troubleshoot air conditioning systems.
e Application of thermodynamics and heat transfer in practical setups.

I1l. = Course Level Learning Outcome (CO)
CO2 - Measure the cooling capacity of air-conditioning systems.

IV.  Laboratory Learning Outcome(s)
e Perform the test using air conditioning test rig to measure the various parameters like
temperature, pressure, mass flow rate of air, etc.
e Calculate the COP and cooling capacity of the given air conditioning system.

V. Relative Affective Domain-related Outcome(s)-
e Follow safety practices.
e Practice good housekeeping.
e Work as aleader / a team member.
e Follow ethical Practices.
e Promote teamwork and communication during group experiments.

VI.  Minimum Theoretical Background
Air conditioning systems are engineered to control the temperature, humidity, and air quality
of indoor environments, ensuring comfort and preserving the integrity of sensitive equipment
or materials. The fundamental principle behind most air conditioning systems is the vapor
compression refrigeration cycle, which involves the phase change of a refrigerant to absorb
and release heat. The vapor compression cycle operates through four main stages:
Compression: The refrigerant gas is compressed in the compressor, raising its pressure and
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temperature. Condensation: The high-pressure, high-temperature gas then passes through the
condenser, where it releases heat to the surroundings and condenses into a high-pressure liquid.
Expansion: This high-pressure liquid refrigerant then flows through an expansion valve, where
its pressure drops, causing it to cool and partially evaporate. Evaporation: The cold refrigerant
absorbs heat from the indoor air in the evaporator coil, causing it to evaporate completely and
return to the compressor to repeat the cycle. The efficiency of an air conditioning system is
often measured by its Coefficient of Performance (COP), which is the ratio of useful cooling
provided to the work input required. An air conditioning test rig is a laboratory setup designed
to simulate the operation of an air conditioning system under controlled conditions.

VIL. Experimental setup

AIR CONDITIONING TEST RIG

DE=mm o

SEENE

Figure 8.1 Air Conditioning Test Rig

VIIl.  Required Resources /Apparatus/Equipment with specifications
Sr. No Name of Resource Suggested Broad Specification Quantity
Capacity — 1 to 2 TR, as per standards
1 Actual Working Model of Air Compressor:  Hermitically sealed 1
Conditioning Test Rig compressor, reciprocating type.
Capacity 1 Ton
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Sr. No

Name of Resource Suggested Broad Specification Quantity

Condenser: Air cooled compatible to
1 Ton compressor

Condenser cooling fan: Compatible
capacity with permanent lubricated
motor.

Pressure Gauges: 2 Nos

Evaporator: Compatible with 1 Ton
Expansion Device: Capillary Tube or
TEV compatible capacity
Temperature Sensor: -RTD PT-100
Type

Blower unit with 1HP,  3-phase
motor.

IX. Precautions to be Followed

Ensure the system is adequately charged with the appropriate refrigerant, such as R134a or
R22.

Regularly check pressure and temperature readings to avoid exceeding system limits.
Keep all ignition sources away from the test rig.
Use safety shoes.

X. ' Procedure

1. Switch on the power supply of the unit and start the duct fan.
2. Start the condenser fan, and after a few minutes, start the compressor.
3. Allow the system to reach a steady operating condition.
4., Measure the dry bulb temperature of the air entering the evaporator/duct (ambient air) and
leaving the evaporator/duct (chilled air).
5. Measure the air velocity with the pitot tube using the water U-tube manometer connected
to the pitot tube in the air conditioning duct.
6. Measure the pressure and temperature of refrigerant at all required points, i.e., Evaporator
inlet & outlet, Condenser inlet & outlet.
7. Note the time taken for 10 revolutions of the energy meter disc to calculate the input energy.
XI. Observations and calculations
Observation Table
Sr. No Parameter Value
1 Air Inlet Temperature DBT = °C WBT 2o oC
(Atmospheric Conditions) ’
) Air Outlet Temperature DET = coemeeee °C WBT mememeeee oC
(Chilled Conditions) ’
3 Condenser inlet temperature | smmememmemem - °C
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Sr. No Parameter Value

4 Condenser outlet temperature | =m=mememmemmemmemem s °C

5 Evaporator inlet temperature | memeememmemeemee e °C

6 Evaporator outlet temperature | memeemememmeem e °C

7 Condenser Pressure (Pc) | mmemmeeeeemee e Kglem?

8 Evaporator Pressure (Pe) | memmememmemmemeeeee oo Kglem?

9 Air Velocity (V) .~ .| e m/s
Pitot tube water manometer level difference

10 |/ AN /A e e~ == meter
(Ah)
Time taken for 10 revolutions of compressor

11 e e second
energy meter disc (Tc)

12 Compressor energy meter constant (N¢) | =========mmmmmmmmmmmmmmmee- rev/kWhr

DBT = Dry Bulb Temperature, WBT = Wet Bulb Temperature

Calculations —

1. Theoretical COP

Plot the cycles on P-h chart for the refrigerant used and fill in the table given below

for
Ifl(r).. Description Symbol Reading in kJ/kg
1  |[Enthalpyatevaporatorinlet Hei
2  [Enthalpy at evaporator outlet Heo
3 [Enthalpy at condenser inlet Hci
4  [Enthalpy at condenser outlet Hco

Theoretical COP
= (Theoretical Refrigerating Effect) / (Theoretical Compressor Work)

= (heo-hei) /(hci-heo)
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2. Actual COP
Actual COP = (Actual Cooling Effect) / (Actual work supplied to compressor)
Actual Cooling Effect

Actual Cooling Effect = Total heat removed from air conditioner
= Mair X (Natm - Nehiiled)

Mair = Mass flow of air flowing through duct

Mass flow of air flowing through duct,

2xgxihx -
Mair = anAX\/( g p{F'm F'a})
d

Where, g = acceleration due to gravity = 9.81 m/sec?

Ah = Manometric height in meters

pm = Density of manometric fluid in kg/m?®

pa = density of air in kg/m®

A = Area of the duct in m?
From the psychrometric chart,
harm = Total enthalpy of air at atmospheric conditions = ------=-=--=-==-=--—--—-- kJ/kg
hehiiled =T otal enthalpy of air at chilled conditions = -==--------=----=-mmmoseosoo- kJ/kg
Actual Cooling Effect = Total heat removed from air conditioner

= Mair X (hatm - hchiiled)

Actual work supplied to the compressor (Wc)
W, = (10/ Nc) x (3600 / Tc) kW

=(10/.......... ) X (3600/......... ) kW
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Actual COP = (Actual Cooling Effect) / (Actual work supplied to compressor)

XIl. Results

XIIl.  Interpretation of Results

XIV. Conclusions and Recommendations

XV. Practical Related Questions

1. Calculate the COP.of an air conditioner using the given input power and cooling output
data, and interpret what the result indicates about system efficiency

2. Calculate the cooling capacity of an air conditioner in BTU/hr or TR (ton of refrigeration)
using airflow rate and temperature difference readings

3. State the factors affecting human comfort in an air-conditioned space

4. Name the main components of a basic air conditioning system.

5. Name any two psychrometric processes occurring in an air conditioning system.

[Space for Answer]
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XVI.  References / Suggestions for Further Reading

e https://www.youtube.com/watch?v=ExNJoT_2Xel&Ilist=PLJjrv2_3aFXdh1PQVeO1R
RI_NmXiiPZh0&index=22

e https://www.youtube.com/watch?v=e2lryaMQQ6A&list=PLJjrv2_3aFXdh1PQVeO1R
RI_NmXiiPZhO&index=24

e https://www.youtube.com/watch?v=gRcgUfe AHI4&list=PLJjrv2_3aFXdh1PQVeO1R
RI_NmXiiPZh0&index=33

e https://www.youtube.com/watch?v=7Kd3pxDT2U&Ilist=PLJjrv2_3aFXdh1PQVeOlR
RI_NmMXiiPZhO&index=34

XVII.  Rubrics for Assessment Scheme
Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 | Ability to operate air conditioning test rig 20%
5 Ability to measure pressure & temperature at salient points of the 20%
system
3 | Observation and Recording Skills 20%
Product Related (10 Marks) (40%)
4 Logical Analysis of Observations 10%
5 Conclusions 10%
6 Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related Total
(15) (10) (25)
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Practical No. 9: Demonstration of 1.C. Engine Test Rig

Practical Significance

Internal combustion engine (I.C. Engine) is a major prime mover for most types of vehicles,
electric generators, agricultural equipment, and many other machineries due to its single,
compact unit, convenience in use and maintenance, availability in a variety of modules, and
reasonable cost. Still, the 1.C. Engines are the backbone of the transport of Passengers and
goods in our country. Its efficient performance in producing the required power with expected
torque and speed, with minimum fuel consumption, emissions, and noise, is very significant
for its user. So, it's testing at the manufacturer, approval authority; the user end becomes
essential for the assurance of its performance. The outcome of the testing is brake power,
indicated power, mechanical efficiency, thermal efficiency, specific fuel consumption, heat
balance sheet, emissions, etc. An engineer should be able to develop or select a suitable test
setup for the engine to be tested, depending on the testing objective, and also be able to carry
out the testing to come up with the desired results and conclusions.

Industry/Employer Expected Outcome (S)
This practical is expected to develop the following skills for the industry/Employer —
‘Understand parameters of IC engine performance testing.’

Course Level Learning Outcome (CO)
CO3 — Carryout test for the performance of an I.C. engine

IV.  Laboratory Learning Outcome(s)
e Select the proper instrument to conduct a test.
e . Measure the various parameters like temperature, pressure, fuel consumption, and
water flow rate, using the I.C. engine test rig.
V. Relative Affective Domain Related Outcome(s)
¢ - Follow safety practices.
e Demonstrate working as a leader/a team member.
e Maintain tools and equipment.
e Follow ethical Practices.
VI.  Minimum Theoretical Background
Construction and working of four-stroke S.I. Engine —A four-stroke spark ignition engine
completes its one operating cycle with four strokes of the piston and two revolutions of the
crankshaft. The intake and exhaust valves are operated by the camshaft, which in turn is rotated
by the crankshaft. The speed of the camshaft is half that of the crankshaft. When the piston
moves from TDC to BDC and the intake valve is open, the fresh charge (atomized mixture of
gasoline in air) is sucked into the cylinder, the exhaust valve being closed. The charge is
compressed when the piston moves to TDC, both the valves being closed. A spark produced
by a spark plug at the end of compression ignites the charge, thereby increasing pressure and
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temperature in the combustion chamber. The piston is forced to move towards BDC, and power
is said to be developed by the engine. With this movement of the piston, expansion of the
combustion gases takes place. These gases are expelled out of the cylinder with the movement
of the piston towards BDC, the exhaust valve being opened. The operating cycle is then
repeated.

mixture in—|

intake__—"| —{ " cylinder
valve head
combustion = | | cooling
chamber water
cylinder /. 1 \ piston
block

connecting crankcase

rod

crankshaft

Figure 9.1 — Construction of four-stroke S. I. engine

Working of a four-stroke C.l. Engine —In a compression ignition engine, the fuel injector
replaces the spark plug. The air is sucked in during the suction stroke, and it is compressed
during the compression stroke. Due to high compression stroke, the compressed air
temperature is so high that it becomes more than the self-ignition temperature of the diesel
fuel. So, when the fuel is injected into the hot compressed air by the injector, it gets ignited.
The piston is forced down by the high-pressure combustion gases, which means the generation
of power. Finally, the gases are expelled out of the cylinder during the exhaust stroke to repeat

the cycle.
Fuel Injector
Inlet Exhaust Inlet Exhaust Inlet \ Exhaust Inlet Exhaust
\l

o o
<) 5 2

Intake Compression Combustion Exhaust

Figure No. 9.2 — Working of four-stroke C.I. engine
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Need for 1.C. Engine Test Rig — The Internal Combustion (I.C.) engine test rig is used to
evaluate engine performance by measuring key parameters under controlled conditions. An
I.C. engine is a heat engine where fuel combustion occurs inside the engine cylinder. It is
broadly classified into spark ignition (SI) and compression ignition (CI) types, operating on
either a two-stroke or four-stroke cycle. Essential engine components include the cylinder,
piston, crankshaft, connecting rod, valves, camshaft, and fuel injector or spark plug. The test
rig helps determine performance metrics such as brake power (BP), indicated power (IP),
friction power (FP), brake thermal efficiency, mechanical efficiency, and specific fuel
consumption. Instruments like dynamometers, fuel flow meters, manometers, and tachometers
are used to measure output power, fuel usage, airflow, and engine speed. Understanding these
concepts allows for analysis of the engine's thermal and mechanical performance, and
advanced experiments may include creating a heat balance sheet to study energy distribution
within the system.

VII.  Experimental setup
Figure 9.3 —Layout of Four-stroke engine test rig with rope brake dynamometer
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A _‘,.4—’

Figure 9.4 - Four-stroke engine test rig with rope brake dynamometer

VIIl.  Required Resources /Apparatus/Equipment with specifications
Sr. No. Name of Resource Suggested Broad Specification Quantity
Single cylinder or multi-cylinder (3or4), Four
Stroke, Petrol / Diesel Engine, bore 80 mm,
5 Stroke 100 mm, Power developed - 5 HP for 1
1 Engine . . ] i
single cylinder or as available for multi-
cylinder engine.
Rope Brake with brake drum, D = 300 mm,
5 Dynamometer rope dia. d = 15 mm, 1
(Any one type, as suitable) Hydraulic with constant, K = 2000,
Eddy current with constant, K=200
3 | Tachometer Speed range 0 to-5000 rpm 1
4 Fuel gauge Burette of 50 ml 1
5 | Stopwatch As available 1
6 | Water flow meter Turbine type 1
7 | Thermocouple RTD 5to 6
g | Digital Temperature Pt100RTD, s4-20 A range 1
Indicator
9 | Airbox 400 mm x 400 mm x 500 mm 1
10 | Orifice fitted to air box Diameter of Orifice (do) = 14 mm 1
11 | Water manometer Glass U tube 1
12 | Exhaust Gas Calorimeter Shell and tube type with insulation 1
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IX. Precautions to be Followed

Check diesel, oil, and coolant levels before starting the engine.

Ensure proper connections of the battery and high-tension distributor to spark plug cables.
Don’t tamper with ignition timing, distributor, governor, and fuel injector settings.

Ensure supply of coolant/water to the engine and dynamometer.

Stay safely away from moving/rotating components.

Never stop the engine while under load, and never use the decompression lever to stop it.

X.  Procedure

1.
2.
3.

9.

10.
11.

12.

13.
14.

Fill up water in Manometer up to half of the manometer height.

Start the water supply for the engine jacket, brake drum, and exhaust gas calorimeter.

If found, remove air bubbles in the fuel pipe by opening the vent screw provided at the fuel
pump.

Adjust the dynamometer load to zero, releasing the loading screw, the rope being tension
free.

Start the engine - Lift the decompression lever at the side of the valve cover. Put the handle
over the starting shaft and rotate the shaft. As the engine picks up sufficient speed, drop the
decompression lever. The engine will start. Remove the handle immediately. Allow the
engine to get stabilized.

As the engine picks up its rated speed, start water to the brake drum. If required, adjust the
fuel supply to bring the engine to the desired test speed at which trials are to be conducted
(further, all the readings are to be taken at this test speed).

Open the burette filling cock, take a sufficient amount of diesel in the burette, and close the
cock.

Turn the selector cock to ‘Burette’ position and note down the time required to consume a
certain amount of fuel (10 ml /20 ml, 50 ml) with the help of the fuel gauge and stop watch,
l.e., ‘t’ seconds.

Note down the engine speed with tachometer.

Take manometer readings hland h2.

Measure Time (Tw in min) required for specific quantity (Qw =10/20/50 liters) of jacket
cooling water on the water meter using a stopwatch.

Note down its inlet temperature (t:°C) and outlet temperature (t2°C) across the engine
jacket.

Measure engine room temperature (tr°C)

Measure exhaust gas temperatures at the following locations:

i) Measure temperature of exhaust gases from the engine (tg °C)
ii) If the exhaust gas calorimeter is used, then measure,

(a) Temperature of water inlet to calorimeter (tcy °C)

(b) Temperature of water outlet from the calorimeter (tc2°C)
(c)Temperature of exhaust gas entering the calorimeter (tg °C)
(d)Temperature of exhaust gas leaving the calorimeter (tg. °C)

15.

All the readings taken in steps. 8 to 14 are for No load condition of engine. Note these
readings in the Observation table in the column of No load.
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XI.

16. Repeat the procedure to take all readings as in step nos. 8 to 14, increasingly putting brake
load on the dynamometer as mentioned in the observation table, and note down those

readings in their appropriate column.

Note: In case of a constant speed governor, the engine will attain the test speed after changing
the dynamometer brake load. In case of a variable speed governor, adjust the fuel supply to

bring the engine to the test speed at which the test is to be conducted.

Observations and calculations
e Diameter of brake drum, D= ...............

e Diameter of rope,;d=............... mm=............... m

e Effective radius of brake drum, Re = (D+d) / 2 =¢(

e Diameter of orifice of air box, do=.........
e Specific gravityof fuel =...............

Observation Table

Sr.No. Load condition Particulars

No load

1/4th
load

Half
Load

3/4th
Load

Full
Load

Weight(W) in kg

Spring balance reading (S) in kg (in case of
rope brake dynamometer)

Speed (N) in rpm

Time taken to consume a specific quantity
(10ml, 20 ml as suitable of fuel (t) in sec.

Jacket water inlet temp, (t1) in °C

Jacket water outlet temp. (t2) in °C

Time (Tw) required for (Qw =10/20/50 liter)
of jacket cooling water in min

Exhaust gas temp. (tq) in °C

Engine room temp. (tr) in °C

\Water manometer reading: hW,hl

cm hz

11

Time (Twc) required for (Qwc =10/20/50 liter)
of calorimeter cooling water in- min

12

Temperature  of  water inlet  from
calorimeter(tcs) in °C

13

Temperature of  water outlet  from
calorimeter(tcy) in °C

14

Temperature of exhaust gases entering
calorimeter (tg:) in °C

15

Temperature of exhaust gases

leaving calorimeter (tg2) in °C
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Calculations Table

Sr.No.

No | /4™ | Half | 3/4"™ | Full

Particulars Formulae load | load | Load |Load | Load

1

Weight(W) in N (W in kg x9.81)

Spring balance reading (S)

2 |in N (in case of rope brake (Sinkgx9.81)
dynamometer)
Quantity of fuel consumed|Sp. Quantity of fuel(ml)
(mg) in lit/sec 1000 x t
Quantity of fuel consumed -

3 (me) in lithr. (mg) in lit/sec x 3600
Mass of Fuel consumed | (Mg in lit/hr.x specific
(mg) in kg/hr. gravity of fuel)
Mass of jacket cooling water

4 (b in kg/in Qw (10/20/50) / Tw

. (h2-hy)
5 |[Manometer difference or o _______________
water head (mw) in meters 100
Mass of water supplied to
exhaust gas calorimeter] Qwc (10/20/50) / Twc
'6

(M) in kg/min

Calculations for mass flow rate of air (at full load)

1.

Density of air
It is calculated from the general gas equation as follows:

PaX Va= Ma XRaX Tr

P, = Atmospheric Pressure =1.01325bar =1.01325x10°N/m?

Where, ma = mass of air

Ra = Characteristic gas constant = 287 J/kg

S0, Ma = PaX Val (Rax Ty)

Now, density of air, pa=Ma/Va=Pa/[Ra X T:], whereP; is inN/m?,

= Pal/ [Rax (1 +273)]= ..., /1287 x (......... +273)]
DA et kg/m?
2. Water manometric head
hW: h1 — hz i i
hw =i, mmofwater = ................ m of water
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3. Air ahead causing the flow of air
ha = hw x pw/pa Where, pw = Density of water = 1000 kg/m?
Yo N 1 PR (R b (0]0]0) I A (R ) T m of air

4. Actual volume of air consumed by the engine

Avrea of Orifice, ao = (1/4) do? = (1/4) X (ceveerervrrrrerrererans )2

B0 = cerereereeereeeree e, m?

Qa = Cq X a0 x V(2gha) m®/s

Qa=.ennnn. 2. * N4 xV(2x9.81x.......... ) md/s
Qa= ...t BT el ... m®/s

XIl. ' Results

At full load of ................ N
1. Rise in jacket cooling water temperature, (t2-t1) = ........ccooeveiiiiiiiiiininn °C
2. Exhaust gas temperature, tg=................ R}
3. Mass flow rate ofair, ma=........................ kg/hr.
4. Mass flow rate of water, my=...............oeenene. kg/hr.
5. Fuel.consumption, me= ... kg/hr.

XIIl.  Interpretation of Results

XIV. Conclusions and Recommendation
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XV. Practical Related Questions
Note: Below given are a few sample questions for reference. Teachers must design more such
questions to ensure the achievement of identified CO.
1. State the advantages and limitations of the rope brake dynamometer for its use in the I.C.
engine test rig.
Comment on the range of air-fuel ratio in S.I. Engine and that in C.1. Engine.
State the reason for the camshaft speed to be half that of the crankshaft.
List and explain the function of the main components of an I.C. engine test rig.
Describe how changing the load on an I.C. engine influences parameters such as engine speed,
torque, and fuel consumption.

ok~ own

[Space for Answer]
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XVI. References/ Suggestions for Further Reading

e Parts.and working of S.I. Engine:https://www.youtube.com/watch?v=DKF5dKo_r..Y
e Working of diesel engine:https://www.youtube.com/watch?v=fTAUq6G9apg

XVIIl. ' Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (15 Marks) (60%0)
1 | Handling of the Equipment and Measuring Instruments 20%
2 | Noting the Observations 20%
3 | Calculations of the parameters 20%
Product Related (10 Marks) (409%0)
4 | Interpretation of the result 10%
5 | Conclusions 10%
6 | Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related Total
(15) (10) (25)
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Practical No. 10: Test on I.C. engine test rig Part — |

Practical Significance

Conducting trials on an internal combustion (1.C.) engine is crucial for evaluating its
performance in terms of useful output, which is the power developed by the engine. Although
the engine develops power through the expansion of combustion gases in its cylinder, it is often
important to know how much power is available on the engine crankshaft. This is because the
engine crankshaft provides the driving power to the power-consuming devices and equipment.
Further, the engine testing enables optimization of combustion processes, tuning of ignition
timing, setting appropriate air-fuel ratios, and benchmarking different engine configurations
for comparative studies. By analyzing wear and tear over prolonged testing, engineers can
enhance reliability, reduce maintenance costs, and improve overall engine longevity. Thus,
making engine trials becomes an indispensable step in engine development.and refinement.

Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer: ‘Analyze
engine performance based on power output and related curves.’

Course Level Learning Outcome (CO)
CO3 - Carryout test for the performance of an 1.C. engine.

IV. Laboratory Learning Outcome(s)

e Calculate the various parameters like Brake power, Frictional power, and Mechanical
efficiency.

e Draw the performance curves.

V. Relative Affective Domain Related Outcome(s)
e Follow safety practices.
e  Demonstrate working as a leader/a team member.
e Maintain tools and equipment.
e Follow ethical Practices.

VI.  Minimum Theoretical Background

Engine Power Terms:

a) Indicated Power — It is the power developed by the engine in its cylinder by virtue of the
expansion of the combustion gases. It is obtained by using the Engine Indicator, with the
help of the following equation.

Pi=pmXLXAXnXxK....inW
Where, pm — Mean effective pressure in the cylinder during expansion stroke in N/m?.
L — Stroke length of the cylinder in m.
A — Cross-sectional area of the cylinder in m?.
n — Number of firings per second in 1/s.
K — Number of engine cylinders.
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b)

Brake Power — It is the useful power available at the engine crankshaft. It is obtained by a
suitable dynamometer connected to the engine crankshatft.
Pe=2nXxNXT/60...... in W (for a Rope Brake Dynamometer).
Where N — Engine speed in rpm.
T — Brake torque on engine in N-m.

Friction Power — It is the power lost to overcome the friction in the parts of the engine and
also the engine's pumping losses. It is calculated by difference as

Prp = P1- P8
It can also be estimated by conducting the Morse Test-only on a multi-cylinder engine.

Mechanical Efficiency —

Mechanical efficiency of the engine is the ratio of its brake power to the indicated power. It
reflects the frictional losses in the engine, such that the higher the mechanical efficiency, the
lower the power lostin friction by the engine.

Dmech = Pa /P
Engine performance curves —

a)

Brake power Vs engine load

10— T

Brake power [kW]
f=2] oo

>~
T

15 25 50 75 100
Engine load [%]

Figure 10.1 — Variation of engine brake power with engine load

b) Engine power and torque Vs engine speed

Engine Power and Torque Curves

120
280 =
// Powm\ 100
240
g pZ 80 3
< 220 - Torque <
=] \ 80 i’
= o
2 180 # o
\ 40
120
20
&0

1000 2000 3000 4000 5000 6000
Speed (RPM)

Figure 10.2 — Variation of engine power and torque with engine speed
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VII.  Experimental setup

Brake Drum

Figure 10.4 - Four-stroke engine test rig with rope brake dynamometer
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VIIl.  Required Resources /Apparatus/Equipment with specifications
Sr. No. Name of Resource Suggested Broad Specification Quantity
Single cylinder or multi-cylinder (3or4), Four
Stroke, Petrol / Diesel Engine, bore 80 mm,

1 |Engine S_troke 100 mm, Power develqped -5 HP fo_r 1
single cylinder or as available for multi-
cylinder engine.

Rope Brake with brake drum, D = 300 mm,
5 Dynamometer rope dia. d = 15 mm, 1
(Any one type, as suitable) Hydraulic with constant; K =2000,
Eddy current with constant, K=200

3 | Tachometer Speed range 0 to 5000 rpm 1

4 Fuel gauge Burette of 50 ml 1

5 | Stopwatch As available 1

6 | Water flow meter Turbine type 1

7 Thermocouple RTD 5t06

g [ Digtal Femperature Pt100RTD, s4-20 A range 1

9 | Air box 400 mm x 400 mm x 500 mm 1

10 | Orifice fitted to air box Diameter of Orifice (do) = 14 mm 1

11 | Water manometer Glass U-tube 1

12 | Exhaust Gas Calorimeter Shell and tube type with insulation 1

IX. Precautions to be Followed
e Check diesel, oil and coolant levels before starting the engine.
e Ensure proper connections of the battery and high-tension distributor to spark plug cables.
e Don’t tamper with ignition timing, distributor, governor and fuel injector settings.
e Ensure supply of coolant / water to the engine and dynamometer.
e . Stay safely away from moving / rotating components.
e Never stop the engine in load and never use the decompression lever for to stop it.

X.  Procedure

1. Fill up water in Manometer up to half of the manometer height.

2. Start the water supply for engine jacket, brake drum and exhaust gas calorimeter.

3. If found, remove-air bubbles in fuel pipe by opening the vent screw provided at the fuel
pump.

4. Adjust dynamometer load to zero, releasing the loading screw, rope being tension free.

5. Start the engine - Lift up decompression lever, at the side of the valve cover. Put the handle
over the starting shaft and rotate the shaft. As engine picks up sufficient speed, drop the
decompression lever. The engine will start. Remove the handle immediately. Allow the
engine to get stabilized.

6. Asengine picks up its rated speed, start water to the brake drum. If required, adjust the fuel
supply in order to bring the engine to the desired test speed at which trials to be conducted
(further, all the readings are to be taken at this test speed).
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7. Open the burette filling cock, take a sufficient amount of diesel in the burette, and close the
cock.

8. Turn the selector cock to ‘Burette’ position and note down the time required to consume a
certain amount of fuel (10 ml/20 ml, 50 ml) with the help of the fuel gauge and stop watch,
l.e., ‘t’ seconds.

9. Note down the engine speed with tachometer.

10. Take manometer readings hl and h2.

11. Measure Time (Tw in min) required for specific quantity (Qw =10/20/50 liters) of jacket
cooling water on the water meter using a stopwatch.

12. Note down its inlet temperature (t:°C) and outlet temperature (t.°C) across the engine
jacket.

13. Measure engine room temperature (tr°C)

14. Measure exhaust gas temperatures at the following locations:

1) Measure temperature of exhaust gases from the engine (tg°C)
i) I the exhaust gas calorimeter is used, then measure,

(a) Temperature of water inlet to calorimeter (tc; °C)

(b) Temperature of water outlet from the calorimeter (tc, °C)
(c) Temperature of exhaust gas entering the calorimeter (tg: °C)
(d) Temperature of exhaust gas leaving the calorimeter (tgz °C)

15. All the readings taken in step nos. 8 to 14 are for No load condition of the engine. Note
these readings in the Observation table in the column of No load.

16. Repeat the procedure to take all readings as in step nos. 8 to 14 increasingly putting brake
load on the dynamometer as mentioned in the observation table and note down those
readings in its appropriate column.

Note: In case of constant speed governor, engine will attain the test speed after changing
the dynamometer brake load. In case of variable speed governor, adjust the fuel supply to
bring the engine to test speed at which test is to be conducted.

17. Determine Frictional Power (F.P.) as follows
i) On graph paper X axis take Brake Power (BP).in KW to some scale.

ii). On Y axis take mass of fuel consumed in Kg / min (mf) to some scale.

iii) Mark the points showing X and Y co-ordinates i.e. respective BP and mf on graph.

iv) Draw straight line passing through maximum no. of points on graph.

V) Intercept on negative X axis represents Friction Power (FP). As the trial is conducted
at constant speed, FP is assumed to be same for all the load values.

vi) Enter FP obtained as-above for all the loads, in the Sr. No. 9 of Calculations Table.

18. Calculate indicated power and mechanical efficiency.
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A
1.0
Fuel
consumption
(Q/ﬂ) 0.8
0.6
04
02 -
| L1 k
5 10 15 20 PA
——» Brake power (kW)
Friction Power

Figure 10.5 = Willan’s line method for friction power

XI.  Observations and calculations

e Diameter of brake drum, D=+.............. mm=............... m

e Diameter ofrope,d=............... mm=............... m

e Effective radius of brake drum, Re = (D+d) /2 =(.......... to, )/ 2=
e Diameter of orifice of air box, do=............ mm=............. M

e Specific gravity of fuel=...............

Observation Table

1/4™ Half 3/4% | Full

Sr. No. Load condition Particulars No load load Load Load |Load

1 |Weight(W)in kg

Spring balance reading(S) in kg (in case of rope
brake dynamometer)

3 |Speed(N)in rpm

Time taken to consume a specific quantity
(10ml,20ml) of fuel(t)insec

Calculations Table

No | /4™ | Half | 3/4" | Full

Sr.No. Particulars Formulae load | load | Load |Load |Load

1 |Weight(W)inN (W in kg x9.81)

Spring balance reading (S)
2 |in N (in case of rope brake (Sinkgx9.81)
dynamometer)
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, No | 1/4" | Half | 3/4" | Full
Sr.No. Particulars Formulae load | load | Load |Load | Load
3 |Speed (N) in rpm
Brake Power (B.P.)kln KW - 2(w-s) TReN
For  arope brake 60x1000
dynamometer
4 |For a hydraulic WxN
dynamometer K
For the Eddy Current -
dynamometer
5 [Quantity of fuel consume Sp. Quantity of fuel(ml)
(mg) in lit/sec 1000xt
g [Mass of Fuel consumed (m) (M X sp.gr.of fuel)
in kg/min x60
o [Frictional Power (F.P.) in Refer to step no. 17 for
kW the determination of FP
8  [Indicated Power (I.P.) in kKW (BP +FP)
9 Mechanical Efficiency
[)mech in (%)
Space for the additional calculations required as per the above table:
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XII. Results

At full load of........c....... N,

Brake power, PB=.......ccoiiiiiiiiiiann, kW.
Frictional power, PE=...........ciiiiieinnnnn kW.
Indicated power, Pi=...c..cooiiiiiiiiiiin. . kW.

Mechanical efficiency = IJmech = ......................

XIII.  Interpretation of Results

XIV. Conclusions-and Recommendations

XV. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.
1. Draw a graph of brake power Vs load based on the test conducted.
2. Draw a graph of mechanical efficiency Vs load based on the test conducted.
3. Explain the term ‘pumping losses’ of the engine.
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4. Explain how increasing engine load impacts brake power and mechanical efficiency.
5. State the role of a dynamometer in an engine test rig.

[Space for Answer]
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XVI.  References / Suggestions for Further Reading

¢ |.C. engine performance parameters:https://www.youtube.com/watch?v=uLqdBI21RkO0

e Pumping losses of engine and engine braking:
https://www.youtube.com/watch?v=fB7GXjgQEHY
XVII.  Rubrics for Assessment Scheme
Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 | Handling of the Equipment and Measuring Instruments 10%
2 | Noting the Observations 10%
3 | Calculations of the parameters 40%
Product Related (10 Marks) (40%)
4 | Interpretation of the result 10%
5 | Conclusions 10%
6 | Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related Total
(15) (10) (25)
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Practical No. 11: Test on I.C. Engine Test Rig (Part I1)

Practical Significance

Inany I.C. Engine, the energy input is the heat liberated by the combustion of fuel in the engine
combustion chamber, and the desirable output is the mechanical power available at the engine
crankshatft, i.e., brake power. The brake thermal efficiency, which is the ratio of engine brake
power to the heat energy input, is a more realistic performance parameter of any engine, such
that we expect a greater amount of fuel combustion heat energy to be converted into the brake
power. This depends on the amount of losses of heat energy in the engine, such that the lesser
the losses, more will be the brake thermal efficiency. These losses include the heat carried
away by the cooling water circulated in the engine cylinder and head, heat carried away by the
engine exhaust gases, power lost to overcome the engine parts” friction, engine pumping losses,
radiation heat loss, etc. Engine testing to estimate the distribution-of heat energy supplied by
the combustion of fuel into the above-mentioned parameters becomes essential in view of
reducing the heat energy and power losses, thereby improving engine brake thermal efficiency.
This distribution is tabulated in a sheet called Heat Balance Sheet, which provides the
guidelines for improvements in the engine design, materials, manufacturing, operation, and
maintenance to achieve improved brake thermal efficiency, reducing the fuel consumption and
pollution.

Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer: <Analyze
the engine performance pertaining to the heat utilization.’

Course Level Learning Outcome (CO)
CO3 — Carryout test for the performance of an I.C. engine.

IV. Laboratory Learning Outcome(s)
e  Perform the test using I.C. engine test rig to measure the various. parameters like
temperature, pressure, fuel consumption, water flow rate, etc.
e Prepare a heat balance sheet.
V. Relative Affective Domain-related Outcome(s)-
e Follow safety practices.
e Demonstrate working as a leader/a team member
e Maintain tools and equipment.
e Follow ethical Practices.
VI.  Minimum Theoretical Background with diagram
1. Thermal efficiency of engine:
a) Indicated thermal efficiency — It is the ratio of indicated power of the engine to the
heat energy supplied by the combustion of fuel in combustion chamber.
Given by, nin =1.P./He
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b) Brake thermal efficiency — It is the ratio of brake power of the engine to the heat
energy supplied by the combustion of fuel in combustion chamber.

Given by, )in = B.P./ He

2. Brake Specific fuel consumption (BSFC) —

It is the rate of fuel consumption of the engine per unit brake power developed by the
engine. Given by, BSFC = mf/ Pgp

Usually, the units for fuel consumption and brake power used.to express BSFC are kg/hr.
and kW respectively.
3. Heat Balance Sheet

HEATCREDIT HEATDEBIT
(or Heat Supplied) (or Heat Expenditure)
Hea_t kd/min | % Heat Expenditure kJ/min %
supplied

A) Heat equivalent to Brake Power (Hgp)
B) Heat carried by jacket water (Hw)
by 100 | C)Heat carried by exhaust gases (Hg)

Heat supplied

compustion D) Heat lost in friction (Hep)
of fuel (H) E) Unaccounted heat loss(Hu)
Total 100 100
VII.  Experimental setup
Figure 11.1 - Four-stroke engine test rig with rope brake dynamometer
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Figure 11.2 - Four-stroke engine test rig with rope brake dynamometer
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VIIl.  Required Resources /Apparatus/Equipment with specifications
Sr. No. NameofResource Suggested Broad Specification Quantity
Single cylinder or multi-cylinder (3or4), Four
Stroke, Petrol / Diesel Engine, bore 80 mm,

1 Engine S_troke 100 mm, Power develc_)ped -5 HP fo_r 1
single cylinder or as available for multi-
cylinder engine.

Rope Brake with brake drum, D = 300 mm,
’ Dynamometer rope dia. d = 15 mm, 1
(Any one type, as suitable) Hydraulic with constant, K = 2000,
Eddy current with constant, K=200

3 Tachometer Speed range 0 to 5000 rpm 1

4 Fuel gauge Burette of 50 ml 1

5 Stopwatch As-available 1

6 Water flow meter Turbine type 1

7 Thermocouple RTD 5to 6

g | Dlotal Temperature PtL100RTD, 54-20 A range 1

9 Air box 400 mm x 400 mm x 500 mm 1

10 | Orifice fitted to air box Diameter of Orifice (do) = 14 mm 1

11 | Water manometer Glass U-tube 1

12 | Exhaust Gas Calorimeter Shell and tube type with insulation 1

Note: Specifications mentioned are for reference only.
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IX. Precautions to be Followed

Check diesel, oil, and coolant levels before starting the engine.

Ensure proper connections of the battery and high-tension distributor to spark plug cables.
Don’t tamper with ignition timing, distributor, governor, and fuel injector settings.

Ensure supply of coolant/water to the engine and dynamometer.

Stay safely away from moving/rotating components.

Never stop the engine while under load, and never use the decompression lever to stop it.

X. Procedure

1. Fill up water in-Manometer up.to half of the manometer height.

2. Start the water supply for the engine jacket, brake drum, and exhaust gas calorimeter.

3. If found, remove air bubbles in the fuel pipe by opening the vent screw provided at the fuel
pump.

4. Adjust the dynamometer load to zero, releasing the loading screw, the rope being tension
free.

5. Start the engine - Lift the decompression lever at the side of the valve cover. Put the handle
over the starting shaft and rotate the shaft. As the engine picks up sufficient speed, drop
the decompression lever. The engine will start. Remove the handle immediately. Allow the
engine to get stabilized.

6. As the engine picks up its rated speed, start water to the brake drum. If required, adjust the
fuel supply to bring the engine to the desired test speed at which trials are to be conducted
(further, all the readings are to be taken at this test speed).

7. Open the burette filling cock, take a sufficient amount of diesel in the burette, and close
the cock.

8...Turn the selector cock to ‘Burette’ position and note down the time required to consume a
certain amount of fuel (10 ml / 20 ml 50 ml) with the help of fuel gauge and stop watch,
i.e., ‘t’ seconds.

9." Note down the engine speed with tachometer.

10. Take manometer readings h; and hy.

11. Measure Time (Tw in min) required for specific quantity (Qw =10/20/50 liters) of jacket
cooling water on the water meter using a stopwatch.

12. Note down its-inlet temperature (t:°C) and outlet temperature (t2°C) across the engine
jacket.

13. Measure engine room temperature (tr°C)

14. Measure exhaust gas temperatures at the following locations:

i) Measure temperature of exhaust gases from the engine (tg°C)
ii) If the exhaust gas calorimeter is used, then measure,

(a) Temperature of water inlet to calorimeter (tcy °C)

(b) Temperature of water outlet from the calorimeter (tcz °C)
(c) Temperature of exhaust gas entering the calorimeter (tg: °C)
(d) Temperature of exhaust gas leaving the calorimeter (tg. °C)

15. All the readings taken in step nos. 8 to 14 are for No load condition of the engine. Note
these readings in the Observation table in the column of No load.
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XI.

16.

17.

Repeat the procedure to take all readings as in steps nos. 8 to 14, increasingly putting brake
load on the dynamometer as mentioned in the observation table, and note down those
readings in their appropriate column.

Note: In case of a constant speed governor, engine will attain the test speed after changing
the dynamometer brake load. In case of a variable speed governor, adjust the fuel supply
to bring the engine to the test speed at which the test is to be conducted.

Determine Frictional Power (F.P.) as follows

1) On graph paper, on the X axis, take Brake Power (BP) in KW to some scale.

i) Onthe Y axis, take the mass of fuel consumed in Kg/min (mf) to some scale.

iii) Mark the points showing X and Y co-ordinates, i.e., respective BP and mf on the graph.
iv) Draw a straight line passing through the maximum no. of paints on the graph.

v) Intercept on the negative X axis represents Friction Power (FR). As the trial is
conducted at constant speed, FP is assumed to be the same for all the load values.

vi) Enter FP.obtained as above for all the loads, in Sr. No. 9 of the Calculations Table.

Fuel
consumption

(gs)

5 0 15 20 X5
—» Brake power (kW)

Friction Power

Figure 11.3 — Willan’s line method for friction power

18. Prepare a heat balance sheet on a minute and percentage basis for any one brake load

other than zero, preferably for full load.

Observations and calculations

Diameter of brake drum, D=.............. mm=-............... m

Diameter of rope, d=............... mm=............... m

Effective radius of brake drum, Re=(D+d) /2 =(.......... Foreienn, )/ 2= m
Diameter of orifice of air box, do=............ mm=............. M

Specific gravity of fuel=............
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Observation Table:

. : No | 1/4™ Half | 3/4™ | Full
Sr.No. Load condition Particulars load | load Load | Load | Load
1 |Weight(W) in kg
Spring balance reading(S)in kg (in case
2 lof rope brake dynamometer)
3 [Speed(N)in rpm
Time taken to consume a specific quantity
4 (10ml,20ml as suitable fuel (t) in sec
5 |Jacket water inlet temp, (t1) in°C
g |Jacket water outlet temp.(t2) in°C
Time (Tw) required for (Qw=10/20/50 liter) of
7 ljacket cooling water in min
g  |Exhaust gas temp.(tq)in°C
9 [Engine room temp.(tr)in°C
- hl
10 [Water manometer reading hw, cm "
2
1 Time (Twc) required for (Quwc=10/20/50 liter)
of calorimeter cooling water in min
Temp, of water inlet from calorimeter
12 |(t)in°C
Temp, of water outlet from calorimeter
13 |(tw)in°C
Temp, ~ of - exhaust gases entering
14 |calorimeter(tq1)in°C
Temp, of exhaust -gases leaving
15 |calorimeter(tgz)in°C
Calculations Table
Sr.No Particulars Formulae No | 4% | Half | 3/4" | Full
o load | load | Load |Load|Load
1 |Weight(W) inN (Winkg x 9.81)
Spring balance reading (S
2 |in N (in case of rope brake (S in kg x 9.81)
dynamometer)
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No | /4™ | Half | 3/4"™ | Full

Sr.No. Particulars Formulae load | load Load | Load | Load

3 (Speed (N) inrpm

Brake Power (B.P.) in kW - 2(w-s) iR:N

For  arope brake 60x1000
dynamometer

4 For a hydraulig WxN
dynamometer K
For the Eddy Current
dynamometer

5 [Quantity of fuel consumed Sp. Quantity of fuel(ml)
(mg) in lit/sec 1000xt

Mass of jacket cooling water 10/20/50) / T
6 (mw).in kg/min Qu !

7 Manometer difference of (hzhl)
water head (mw) in meters 100

g Mass of Fuel consumed (my (mre X sp.gr. of fuel)
in kg/min X 60

o | |Frictional Power (F.P.) in Refer to step no. 17 for
kwW the determination of FP

10  |Indicated Power (I.P.) in kW (BP + FP)
Mechanical Efficienc

1q | eenaniea NSy B.P./1.P) x 100

I)mech in (%)

Mass of water supplied to
12 |exhaust ' gas calorimeterf Qwc (10/20/50) / Twc

(M) in kg/min

Space for the additional calculations required as per the above table:
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Calculations for heat balance sheet (on minute and percentage basis)
For load on engine (other than zero) =

1. Heat Supplied

Hr =Heat supplied by combustion of fuel=(ms) x C.V.

SEEE c 00000000000 R0 2X6000000000000000000 o

P PP kJ/min
2. Heat Expenditure

A) Heat equivalent to brake power (Hgp)

Brake power, BP= {[2n(W-S)RN/60]x1000} kW

T X 60
Hep= oo kJ/min
Maharashtra State Board of Technical Education K Scheme
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B) Heat carried away by Jacket cooling water (Hcw)

Hw :(mw)Xpr X (t2 - tl)

C) Heat carried away by exhaust gases (Hg)(By two methods)

i)

By using Air box method,
First, determine the mass of exhaust gas as follows,
Mass of air, Ma=paX Qa= ireerisivrerrmeermerrrermerreeneenne equation(i)

a) Density of air is calculated from the general gas equation as follows:

PaXVa= MaXRa X Tt

Pa= Atmospheric Pressure =1.01325bar =1.01325x10°N/m?

Ma = mass of air

Ra = Characteristic gas constant = 287 J/kg

S0, My =PaX Va/ (Rax Ty)

Now, density of air, pa= Ma/ Va = Pa/[Ra x Ts], where Pa is in N/m?.

= Pa/ [Ra X (tl +273)]

hw =i, mmofwater=................ m of water

c) Air ahead causing the flow of air

ha = hw x pw/pa Where, pw = Density of water = 1000 kg/m?

Therefore, ha = (coovevveviieece, P [0[0[0) I A G )
S e ————————— m of air
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d) Actual volume of air consumed by the engine
Avrea of Orifice, ao = (1/4) do? = (1/4) X (ceveerervrrererrrrernnns )2

Qe= oo, X e XxV2x9.81X........... )y m¥s
S0, Qa= i m®/s
Now, mass of air, Ma=paX Qa=............. . I 5 S e kg/s
Oor,me= .....cioiiine kg/sx 60 = ... Kg/min

Thus, mass of exhaust gases in kg/min = mass of air consumed in kg/min + mass of fuel consumed

in kg/min

Hence, heat carried away by exhaust gases,

Hg =mg X Cpg X (tg'tr) ................................ (Cpg =1.15 kJ/kgoK,)
He=.......... ) U b (RO e )
HGm e kJ/min

i) By using Exhaust Gas Calorimeter

Exhaust gas"nlet at tg1
Water outlet at tc2

‘ - =
— Water inlet at tc1

———————=———

E

Exhaust gas outlet at tg2

Figure 11.4 — Exhaust gas calorimeter

Writing the heat balance for calorimeter as, in the calorimeter
Heat rejected by the exhaust gases=Heat gained by the cooling water

mg X Cpg X (tgl - th) = Mwe X CpW X (tCZ - tCl)
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S0, Mg X Cpg = [Mc X Cpw X (te2 - te1)] / (tor —tg2)

Now, the total heat carried away by the exhaust gases,
Hg= mg XCpg X(tg-tr)

={[Mwe X Cpw X (tea-te1)]/(tgr—tg2) }x(tg-tr)

=Ll x 4.187 X (....... S W oo ) IR med)
HG= oo kJ/min

D) Heat lost in friction (from Willan’s Line Method)
Hee= ../ . LR X A e, kJ / min.

E) Unaccounted Heat Loss (by difference) (Heat Lost due to radiation, pumping
losses, errors of observation etc.)
Hu = (Heat supplied by combustion of fuel) - [(Heat equivalent of BP) + (Heat

Carried away by Jacket cooling water) + (Heat carried away by exhaust
Gases) + (Heat lost in friction)]

=Hg- [ Hep + Hw+ He + Hepl

Hu= i kJ / min
XIl. 'Results
Heat balance sheet for ...........ccooeeeiveeeeeen. N brake load
HEATCREDIT HEATDEBIT
Heat
supplied kd/min | % Heat Expenditure kJ/min %

A) Heat equivalent to BP (Hgp)

B) Heat carried by jacket water (Hw)

Heat
supplied by C)Heat carried by exhaust gases (H)
combustion 100
of fuel (Hr) D) Heat lost in friction (Hep)
E) Unaccounted heat loss (Hu)
Total 100 100
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X1, Interpretation of Results

XIV. Conclusions and Recommendations

XV. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1.

2.
#.
4. Justify “varying the cooling water flow rate influences the heat balance of an internal

Calculate BSFC of engine in kg/(kW-hr) preferably for full load.
Draw a graph of exhaust temperature with engine load based on the observations.
Draw a pie chart showing the heat expenditure or heat debit based on the calculations.

combustion engine.”
Explain the importance of including all forms of heat losses when preparing a heat
balance sheet for an internal combustion engine.”

[Space for Answer]
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XVI. References/ Suggestions for Further Reading
e Performance and heat balance test on diesel
enginehttps://www.youtube.com/watch?v=wr5JsovSX_o
e Factors reducing the performance of engine over time:
https://www.youtube.com/watch?v=uj8hjAjl 7p4
XVII. = Rubrics for Assessment Scheme
Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 | Handling of the Equipment and Measuring Instruments 20%
2 | Noting the Observations 20%
3 | Calculations of the parameters 20%
Product Related (10 Marks) (40%)
4 | Interpretation of the result 10%
5 | Conclusions 10%
6 | Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related Total
(15) (10) (25)
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Practical No. 12: Morse Test on I.C. engine test rig

I.  Practical Significance

Friction existing in the parts of the engine leads to the power loss and so the reduced efficiency.
Estimation of the engine’s friction power accurately provides guidelines to optimize the engine
performance, thereby increasing the brake thermal efficiency, reducing fuel consumption, and
also reducing the exhaust pollution. A Morse Test is conducted on a multi-cylinder
petrol/diesel engine to determine the indicated power developed in each cylinder without using
the engine indicator device, and also the engine friction power. The test is comparatively
simple to conduct and gives fairly accurate results.

1. Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer —
‘Analyze engine performance based on its indicated power and friction power loss.’

I1l.  Course Level Learning Outcome (CO)
CO3 - Carryout test for the performance of an 1.C. engine.

IV. ' Laboratory Learning Qutcome(s)
e Measure the speed & load by using tachometer & dynamometer.
e Determine indicated power and mechanical efficiency.

V. Relative Affective Domain-related Outcome(s)-
e Follow safety practices.
e Demonstrate working as a leader/a team member.
e Maintain tools and equipment.
e Follow ethical Practices Follow ethical Practices.

VI.  Minimum Theoretical Background with diagram
Effect.of engine speed on frictional power loss: In general, when the engine speed increases,
the frictional power-loss of the engine also increases due to the increased relative motion
between the parts. For few parts, it is opposite. Moreover, the variation in the engine speed
affects the engine temperature due to the variation-in the number of firings per unit time, and
also the change in the friction pattern of the parts. This variation in engine parts’ temperature
affects the relative expansion and contraction of the parts of different materials, and also it
affects the lubricating properties of the lubricating oil. Usually, the oil loses its lubricating
ability as the engine temperature rises. The overall effect of engine speed variation is to vary
the amount of frictional power loss of the engine. This, in turn, will change the amount of
useful power available at the engine crankshaft, which is the brake power. We can see that the
Friction Mean Effective Pressure (FMEP) increases with the engine speed as shown in Fig.
12.1. FMEP is the portion of the indicated mean effective pressure (IMEP) that is lost due to
internal friction within an engine. FMEP doesn't contribute to useful engine power. It
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represents the pressure required to overcome friction between moving parts like pistons,
connecting rods, and cylinder walls, including the pumping losses.

300 T T T T

[

[45)

(=]
T

Pumping losses

]
o
(=]

Auxiliary

100

Piston

Friction mean effective pressure (kPa)
o
o

Valvetrain
50
Crankshaft
0
1000 2000 3000 4000 5000 6000

Engine speed (rpm)

Figure 12.1 — Variation of engine friction with engine speed

VII.  Experimental setup
Manometer Temperature
j i Indicator -
IR 2 .
' . Knife Switches Dynamometer
Fuel Gauge .
oy [ 4 O - - —
A H F
| |
Air Box Engine Flow Control Valve

Figure 12.2 Four-stroke four-cylinder petrol engine test rig with hydraulic dynamometer
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Figure 12.3 Four-stroke Four-cylinder Petrol engine Morse Test rig

VIIl.  Required Resources /Apparatus/Equipment with specifications
Sr.
No | NameofResource Suggested Broad Specification Quantity
Type — multi-cylinder (3 or 4) Four Stroke Petrol
1 | Engine Diesel Engine, Bore - 80 mm, Stroke —110 mm, 1
Power developed-3.75KW
Hydraulic Dynamometer with constant, K = 2000
) Dynamometer (any one 1
type) Eddy current Dynamometer with constant, K = 200
3 | Tachometer Speed range 0 to 5000 rpm 1
IX.  Precautions to be Followed
1. Check diesel, oil, and coolant levels before starting the engine.
2. Ensure proper connections of the battery and high-tension distributor to spark plug cables.
3. Don’t tamper with ignition timing, distributor, governor, and fuel injector settings.
4. Stay safely away from moving/rotating components.
5. Never stop the engine in load and never use the decompression lever to stop it.
X. Procedure
1. Start the water supply of the engine and dynamometer.
2. Remove air bubbles in the fuel pipe and adjust the dynamometer load to zero, if
applicable.
3. Start the engine and run it at no load for about 15 minutes to warm up.
Maharashtra State Board of Technical Education K Scheme
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Apply a suitable amount of load on the engine with the help of a dynamometer such that
the engine attains around half the speed that of its maximum speed. This speed, called
‘Test Speed’, is to be attained in all further observations. Note the dynamometer load
(i.e., when all the cylinders are firing).

Cut off the first cylinder by short-circuiting the spark plug for S.I. engines (or stopping
the fuel supply for C.I. engines). This causes a drop in engine speed below the Test Speed.
Reduce and adjust the dynamometer load to restore the Test Speed. Note the
dynamometer load (i.e., when the first cylinder is cut off).

Fire the first cut-off cylinder and then cut off the second cylinder. Reduce and adjust the
dynamometer load to restore the Test Speed. Note the dynamometer load (i.e., when the
second cylinder is cut off).

Repeat this procedure by sequentially cutting off the third and fourth cylinders, and note
down the respective dynamometer load.

Run the engine for.about 15 minutes at no load and then shut it down.

Perform  the calculations for Indicated Power, Frictional. Power, and Mechanical
Efficiency.

XI1. Observations and calculations
Test Speed of the engine, N=..................... rpm, will be constant for all sets of readings.
Observations Table
- th - -
Sr. No. ParticHSISINED rECHINICERIS Nil First Second | Third | Fourth
cut off
1 Load(F)kg F= Fi= Fo= Fa= Fa=
2 Load in'N (Fx9.81) W = W= W, = W;3= W, =
Calculation Table for Brake Power
Pg=(WxN)/ K
1 Brake Power of the engine when all the |-
cylinders are firing
= kW.
Pei=(W x N)/ K
’ Brake Power of the engine when the first |-
cylinder is cut off
= kW.
Maharashtra State Board of Technical Education K Scheme
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P2 = (W x N)/ K
Brake Power of the engine when the second

3 ) ) =
cylinder is cut off
= kW.

Pez = (W x N)/ K
Brake Power of the engine when the third |

4 . ] =
cylinder is cut off

= KW.

PB4=WXN/K

5 Brake Power of the engine when the fourth |
cylinder.is cut off B
= kW.

Space for calculations (if dynamometer configuration is different)
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a) Calculations for indicated power:

Indicated power of the first cylinder,

Indicated power of the second cylinder,

Pi2 =P - Pe2=..ovrrniiiie. e RN " kW
Indicated power of the third cylinder
Piz=Pg-Pe3=.ccrrrnnnnnn. el — kW

Indicated power of the fourth cylinder

So, the indicated power of all the cylinders or engine,

Pi= P + P2+ Pis+ Py

c) Calculations for mechanical efficiency:

Mechanical efficiency of the engine,

Imech= (Ps/P1)x 100

= GO L i, ) x 100
= i, %
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XIl. Results

1.
2.
3.
4.

Brake power, PB= ... kW.
Indicated power, PI=..................ooi. kW.
Friction power, PF = ............................ kW.
Mechanical efficiency, pmech=................ %.

XIIl.  Interpretation of Results

XIV. Conclusions and Recommendations

XV.  Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1.

o1k W

Calculate the average indicated mean effective pressure of the engine if the dimensions
of the cylinders are known.

State the limitations of the Morse Test.

State the factors inducing error in the results of the Morse Test.

State the type of engine typically used for the Morse test.

List-and explain the key precautions that must be taken when performing a Morse test
on an IC engine.

[Space for Answer]
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XVI.  References / Suggestions for Further Reading

e Procedure of Morse Test:https://www.youtube.com/watch?v=AJOTtt2D3WQ

e Importance of firing order
engine:https://www.youtube.com/watch?v=ssO0GMKBY Cks
XVII.  Rubrics for Assessment Scheme
Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 | Handling of the Equipment and Measuring Instruments 20%
2 | Noting the Observations 20%
3 | Calculations of the parameters 20%
Product Related (10 Marks) (40%)
4 | Interpretation of the result 10%
5 | Conclusions 10%
6 | Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of
Teacher
Process Related (15) | Product Related (10) Total (25)
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Practical No. 13: Use of exhaust gas analyzer for S.1. engine

Practical Significance

An exhaust gas analyzer is an essential diagnostic and monitoring tool used to evaluate the
combustion efficiency and emission levels of petrol (gasoline) engines. Its practical
significance includes:

e Emission Monitoring and Compliance

e Estimation of Engine-Combustion Efficiency

e Optimization of Air-Fuel Ratio

e Maintenance and Troubleshooting of the engine
Using an exhaust gas analyzer for petrol engines is practically significant for ensuring
environmental compliance, engine efficiency, and operational safety. It is an indispensable tool
in both workshop diagnostics and engineering research.

Industry/Employer Expected Outcome (S)
This practical is expected to develop the following skills for the industry/Employer-

‘Assess performance of the S.l. engine using exhaust gas analyzer.’

Course Level Learning Outcome (S)
CO3 — Carryout a test for the performance of an I.C. engine.

IV. Laboratory Learning Outcome(s)
e Measure various pollutants in the S.I. engine.
e Analyze pollutants in the given S.I. engine.
V. Relative Affective Domain-related Outcome(s)
e Demonstrate working as a leader/a team member.
e Maintain tools and equipment.
o Follow ethical Practices.
e Follow safety practices.
VI. Relevant Theoretical Background
PUC Test:
PUC Test means ‘Pollution Under Control” Test. This test is conducted on the vehicle to be
tested at the Government (RTQO) authorized PUC Center. Now, this test is computerized, in
which the Exhaust Gas Analyzer is connected to a computer and the computer is connected to
the ‘Parivahan’ web portal of the Government. Once connected, all the data of vehicle
registration and the data of emission standards that the vehicle must comply with are available
for the Test.
Purpose of PUC Test —
It is carried out to ensure vehicles comply with emission standards set by the government,
thereby reducing vehicular pollution and its impact on public health and the environment. The
test measures the amount of pollutants and other elements present in the vehicle exhaust. The
Maharashtra State Board of Technical Education K Scheme
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vehicle has to have a valid PUC certificate, which is valid for 6 months. It means the vehicles

need to be tested every six months. If the vehicle does not comply with the emission standards,
then necessary maintenance work has to be carried out for its compliance.

This Ve

Licence No :

Center Name :

Center Address :

Customer Name :
Customer Mobile :
Pucc No :

Vehicle No :

Year of Regn :
Type of Vehicle :

| Type of Engine :

Make :

S%5h,, O\ Model :

Y, Fuel :
-
s 63 Catjlyst :
.u“‘r'-"w'  Tes} Date :
& ,“hyr( \Valid Pate :
! &
o

15
wari
Emission Testing
Centre

Kulumepalya,
Nelamangala, Tumkur
Main Road, Bangalore-
562123

BH
8 7

hﬁ)npurmxsgo POLLUTION UNDER CHECK CENTERS ( Rule 231(B)(8) of KMV Rules 1989)
cle meets Emission Standards Prescribed by Rule 115(2) of CMVR 1989. Certificate is All India valid.

Photo of Vehicle

P 05
KA 5
03-09-2022

4 Wheeler

4 STROKE
Honda

cITY

PETROL
Catalyst
22-12-2023 11:39
21-12-2024

Pres
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Figure 13.1: PUC Certificate

Bharat Stage Emission Standards in India:
BS6 Emission Norms for Two & Three-wheeler:
Although the units of emission mentioned in the following table are g/km, the units on the
analyzer are in % and ppm, as applicable. The PUC certificate is provided as per the units on

the analyzer.

IRCUMSTANCES

Vehicle Type Pollutants BS6 Limit
Sl (petrol) Cl (diesel)

Two-Wheelers Particulate Matter (PM) 0.0045 0.0045
Nitrogen Oxide (NOx) 0.06 0.09
Carbon Monoxide (CO) 1.0 0.50
Hydrocarbons (HC) 0.10a 0.10

Three-Wheelers Particulate Matter (PM) B 0.025
Nitrogen Oxide (NOx) 0.085 0.10
Carbon Monoxide (CO) 0.44 0.22
Hydrocarbons (HC) 0.35 0.10

Figure 13.2 — BS6 Norms for 2 and 3-Wheeler
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VII.

BS6 Emission Norms for Four-wheeler light-duty vehicles:

Petrol Emission Norms

Norm CO (g/km) | HC (g/km) NOx (g/km) | HC + NOx (g/km) PM (g/km)
BS IV 1 0.1 0.08 - Not specified
BS VI 1 0.1 0.06 (25%\) 5 0.005

Diesel Emission Norms

Norm CO (g/km) | HC (g/km) NOXx (g/km) HC + NOx (g/km) PM (g/km)
BS IV 0.50 = 0.25 0.30 0.025
BS VI 0.50 E 0.08 (68%) 0.17 (43%\) 0.0045 (82%)

Source: Economics times

*For light Duty Vehicles

Figure 13.3 — BS6 Norms for 4-Wheeler

Experimental setup

Figure 13.4 — Exhaust Gas Analyzer
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230volts/phase/50 hz

Make

f

Stabilizer supply

[ 1] — ) N (OB
CO HC
CO
Knob \
ot HC knob
Fuel
filter ‘Z/ Power ON/OFF
Gas selector switch \ Pump ON/OFF ¢— Printer cable
C.\ Plastic pipe Nozzle Jrimcr
~ Silencer

Figure 13.5 — Exhaust Gas Analyzer controls and connections
VIIl.  Required Resources/apparatus/equipment with specifications

Sr.No. | Name of Resource Suggested Broad Specification Quantity

CO (%)-Range0-10
HC (ppm)-Range0-10000
1 Exhaust Gas Analyzer CO2 (%) - Range0-20 1
NOx(ppm) -Range0-5000
RPM-Range0-9000

2 Dwell-tachometer (RPM) RPM-Range0-10000 1

3 Vehicle to be tested Available vehicle 1

(Note: These specifications-are for reference only; actual specifications may vary)

IX.  Precautions to be followed (Safety instructions / Rules / Standards)
e Ensure the handbrake is engaged and the vehicle is in neutral gear.

e Handle the Exhaust Gas Analyzer carefully.

Maharashtra State Board of Technical Education K Scheme
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X.

XI.

Procedure

Note - Refer to the manufacturer’s catalogue of available analyzer for the procedure.
1. Connect the power supply cable and exhaust gas probe to the exhaust gas Analyzer.

N

out, and the analyzer is ready for measurement.

© o N kW

Start the engine and let it warm up at its idling speed.
Insert the exhaust gas probe/nozzle into the exhaust muffler. Wait for a few minutes.
Set the CO and HC value to zero by using the knob.
Switch on the pump. Operate the gas selector switch and set it to CO and HC mode.
Note the reading of CO, HC, CO,, and O and take a printout.

Take additional readings at cruising speed and-higher speed by adjusting the accelerator.
Switch off the pump and remove the pipe from the exhaust muffler.

Allow the analyzer to warm up for 15 minutes. Then, calibration is automatically carried

Note: For a car, during the test, measure the engine speed using a dwell-tachometer

Observation and calculations
Observation Table

Sr.
No.

Engine Speed (rpm)

CO (%)

HC (ppm)

CO:2 (%) 02 (%)

1

Idling =

2

Cruising =

3

High-power =

XIlI.

At

XIII.

Result(s)

idling speed of engine,

1. CO= i %.

2
3. CO2=. i b, %
4
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XIV. Conclusion and recommendation

XV.  Practical-related questions
Note: Below given are a few sample questions for reference. Teachers must design more such
questions to ensure the achievement of the identified CO.

1.
2.

Draw a graph of CO% with the engine speed based on the observations.

Correlate the amount of oxygen present in exhaust with the air-fuel ratio being
supplied.

Write down the specifications of the exhaust gas analyzer used by you, mentioning the
range of the values.

Explain the main purpose of using an exhaust gas analyzer during engine testing.
Describe the different types of exhaust gas analyzers commonly used for spark-ignition
(S.1.) and compression-ignition (C.l.) engines, and explain what gases each type
measures.

[Space for Answer]
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XVI.  References/Suggestions for further reading

e Government online services regarding PUCC: https://puc.parivahan.gov.in/puc/
e IndianEmissionsRegulations:https://www.araiindia.com/pdf/Indian_Emission_Regula

tion_Booklet.pdf

XVIIl. = Rubrics for Assessment Scheme

Performance Indicators Weightage

Process Related (15 Marks) (60%)
1 | Handling of the Equipment and Measuring Instruments 20%
2 | Noting the Observations 20%
3 | Calculations of the parameters 20%
Product Related (10 Marks) (40%)
4 | Interpretation of the result 10%
5 | Conclusions 10%
6 | Practical related questions 20%

Total 100 %

Marks Obtained Dated signature of Teacher

Process Related (15) | Product Related (10) | Total (25)
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Space to paste the PUC certificate obtained for the tested vehicle.
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Practical No.14 Use of exhaust gas analyzer for C.I. engine

Practical Significance
An exhaust gas analyzer is an essential diagnostic and monitoring tool used to evaluate the
combustion efficiency and emission levels of petrol (gasoline) engines. Its practical
significance includes:

e Emission Monitoring and Compliance

e Estimation of Engine Combustion Efficiency

e Optimization of Air-Fuel Ratio

e Maintenance and Troubleshooting of engine
Using an exhaust gas analyzer for ‘petrol engines is practically significant for ensuring
environmental compliance, engine efficiency, and operational safety. It is an indispensable tool
in both workshop diagnostics and engineering research.

Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer —
‘Assess performance of the C.I. engine using exhaust gas analyzer.’

Course Level Learning Outcome (CO)
CO3 - Carryout test for the performance of an 1.C. engine.

IV.  Laboratory Learning Outcome(s)
e Measure various pollutants in the C.I. engine.
e Analyze pollutants in the given C.I. engine.
V. | Relative Affective Domain Related Outcome(s)
e Demonstrate working as a leader/a team member.
e Maintain tools and equipment.
e Follow ethical Practices.
e Follow safety practices.
VI.  Minimum Theoretical Background
Major Pollutants in Diesel Engine Exhaust and their effects:
Major pollutants in diesel engine exhaust are Carbon monoxide (CO), unburnt hydrocarbons
(HC), Nitrogen oxides (NOXx), sulfur-oxides (SOXx), Particulate Matter (PM), and carbon
dioxide (COy).
Bharat Stage Emission Standards in India:
BS6 Emission Norms for diesel vehicles: Although the units of emission mentioned in the
following table are g/km, the units on the analyzer are in % and ppm, as applicable. The PUC
certificate is provided as per the units on the analyzer.
Diesel Emission Norms
Norm CO (g/km) | HC (g/km) NOx (g/km) | HC + NOx (g/km) PM (g/km)
BS IV 0.50 - 0.25 0.30 0.025
BS VI 0.50 - 0.08 (68%\) 0.17 (43%Y) 0.0045 (82%)
Source:Economics times_“For ightDuty Vehcis
Figure 14.1 — BS6 Norms for diesel vehicles
Maharashtra State Board of Technical Education K Scheme

Page 109



Power Engineering (315371)

PUC certificate for a diesel vehicle:

Form 59

[See rules 115 (2))

Pollution Under Control Certificate
Authorised By
Government of Uttar Pradesh

Date 07/05/2023
Time 13:12:23 PM
Validity upto 06/11/2023

Certificate SL. No. UP03400210003201
Registration No. UP34T1714
Date of Registration 03/3Jan/2011
Month & Year of Manufacturing -2010
Valid Moblile Number wewes+0000
Emission Norms Bharat (Trem) Stage III A
Fuel DIESEL
PUC Code UP0340021
GSTIN
Fees Rs.105.00
(GST to be paid extra as applicable)
MIL observation No

Vehicle Photo with Registration plate
60 mm x 30 mm

“UP34T17

-

-

Measured Value

Pollutant (as Units (as
Sr. No. applicable) applicable) Emission limits (upt:l';’c:es():lmal
1 2 3 4 5
Carbon Monoxide (CO) percentage (%)
Idling Emissions
Hydrocarbon, (THC/HC) ppm
co percentage (%)
High idling
emissions RPM RPM 2500 = 200
Lambda = 1+ 0.03
Smoke Density Light absorption 1/metre 2.45 0.54

coefficient

This PUC certificate is system generated through the national register of motor vehicles and does
not require any signature.

Note

1. Vehicle owners to link their mobile numbers to registered vehicle by logging to hitps:/puc parivahan.gov.in

Authorised Signature with stamp of PUC operator
60mm x 20 mm

Figure 14.2 — PUC Certificate
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VII.  Experimental setup

Figure 14.3 — Exhaust Gas Analyzer

230volts/phase/50 hz
Make ’
\ Stabilizer supply
L 1 — T | [ RRRVRE
o co HC
Knob \
e & — HC knob
Fuel
filter | —— Power ONIOFF

\ Pump ON/OFF 4— Printer cable

Gas selector switch

™~ Plastic pipe Nozzle <Lrinter

— =N CJ
Silencer

Q

Figure 14.4 — Exhaust Gas Analyzer controls and connections
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VIII.  Required Resources /Apparatus/Equipment with specifications

Sr.No.

NameofResource SuggestedBroadSpecification Quantity

CO (%) - Range0-10
HC (ppm) -Range0-10000
CO2 (%) - Range0-20

1 Exhaust Gas Analyzer NOx(ppm) -Range0-5000 1
SOx(ppm) -Range0-2000 (optional)
Lambda (y) -Range0.5-3 (optional)
RPM-Range0-9000
2 Dwell-Tachometer (RPM) RPM-Range0-10000 1
3 Vehicle to be tested Available vehicle 1
4 Smoke Meter (optional) Smoke Capacity (%) -Range0-100 1

IX. | Precautions to be Followed

Ensure the handbrake is engaged and the vehicle is in neutral gear.
Handle the Exhaust Gas Analyzer carefully

X. ' Procedure

N

© oo N O W

Note - Refer to the manufacturer’s catalogue of available Analyzer for the procedure.
Connect the power supply cable and exhaust gas probe to the exhaust gas Analyzer.
Allow the analyzer to warm up for 15 minutes. Then, calibration is automatically carried
out, and the analyzer is ready for measurement.

Start the engine and let it warm up at its idling speed.

Insert the exhaust gas probe/nozzle into the exhaust muffler. Wait for a few minutes.

Set CO, HC, and NOx value to zero by using the knob, as applicable on the analyzer.
Switch on the pump. Operate the gas selector switch and set it to CO and HC mode.

Note the reading of CO, HC, NOx, CO», O, A, whichever-is available, and take a printout.
Take additional readings at cruising speed and-higher speed by adjusting the accelerator.
Switch off the pump and remove the pipe from the exhaust muffler.

Note: For the car, during the test, measure the engine speed by using a dwell-tachometer.

XI.  Observations and calculations
Observation Table

Sr. . 0 NOx o o
No. Engine Speed (rpm) CO (%) [HC (ppm) (ppm) COz (%) | O2(%) A
1 | Idling=
Maharashtra State Board of Technical Education K Scheme
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Sr. . 0 NOXx o 0
No. Engine Speed (rpm) CO (%) |HC (ppm) (ppm) CO2 (%) | O2(%) A
2 | Cruising=
3 | High-power=
XIl.  Results
At idling speed of engine,
1. CO=. i % 4.CO2=ieiiiniiininnnn. %
2. HC=................... ppm 0. 00= L. .. o, %
3. NOX=.....iviiiieneiinnne, ppm 6. A= . e e,
XIIl.  Interpretation of Results
XIV.  Conclusions and Recommendations
XV. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.
1. Draw a graph of NOx (ppm) with the engine speed based on the observations.
2. Write-down the specifications of the exhaust gas analyzer used by you, mentioning the
range of the values.
3. Ifavailable, conduct-a smoke opacity test using a smoke meter and write down its value.
4. Explain the essential steps you must take to properly prepare both the engine and the
exhaust gas analyzer before starting measurements.
5. Describe how the air-fuel ratio in a spark-ignition engine influences the readings obtained
from an exhaust gas analyzer
[Space for Answer]
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XVI.  References / Suggestions for Further Reading

e BS7 emissions threaten diesel
India: https://www.youtube.com/watch?v=3taBcd3Bg Q

e Dimethyl -~ ether ~as -~ an _alternative = fuel  for
https://indiascience.dst.gov.in/videos/dimethyl-ether-as-fuel-e

XVII. Rubricsfor Assessment Scheme

cars in

diesel  engines:

Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 | Handling of the measuring Instruments 20%
2 | Noting the Observations 20%
3 | Calculations of the parameters 20%
Product Related (10 Marks) (40%0)
4 | Interpretation of the result 10%
5 | Conclusions 10%
6 | Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related (15) | Product Related (10) Total (25)
Maharashtra State Board of Technical Education K Scheme

Page 115



https://www.youtube.com/watch?v=3taBcd3Bg_Q
https://indiascience.dst.gov.in/videos/dimethyl-ether-as-fuel-e

Power Engineering (315371)

Space to paste the PUC certificate obtained for the tested vehicle.
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Practical No. 15: Diagnosis test on I.C. engine using engine control unit

Practical Significance

Performing a diagnostic test on an IC engine using an engine scanner is practically significant
as it enables early detection of faults, accurate troubleshooting, and efficient maintenance by
identifying issues such as sensor failures, misfires, or fuel system problems. This process saves
time and reduces repair costs by preventing unnecessary part replacements and labor.
Additionally, it helps optimize engine performance, improves fuel efficiency, ensures
compliance with emission standards, and supports preventive maintenance by monitoring
engine health. With- modern engines relying heavily on electronic_control systems, engine
scanners are essential tools for accessing real-time data;, reading error codes, and ensuring the
overall reliability and longevity of the engine.

Industry/Employer Expected Outcome (s)

This practical is expected to develop the following skills for the industry/Employer-
‘Assess condition and performance of the 1.C. engine using diagnostic tools.’
Course Level Learning Outcome (S)

CO3 - Carry out test for the performance of an I.C. engine.

IV. ' Laboratory Learning Outcome(s)
e Interpret the notation code on the dashboard and monitor of the computer
e Diagnose the faults in the given I.C. engine.
e Suggest the remedies over the faults detected.
V. Relative Affective Domain-related Outcome(s)
e Demonstrate working as a leader/a team member.
e Maintain tools and equipment.
e Follow ethical Practices.
e . Follow safety practices.
VI. Relevant Theoretical Background
Electronic Control Unit (ECU):
; ‘ \ . X .‘ > ’:5'
ol ey -
-,ﬁ.,. '
Exhoust Gas ¥ [
- 0 —
Craoksat Poston ’J, 'w ’ @
(erm!;ll Position Q—I
Sonsor Dlagnmlu
Qﬂi ﬁ' CNG Bottle |
Figure 15.1 — ECU and connected components
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It is also called an Engine Control Unit (ECU) or Electronic or Engine Control Module (ECM).
It is a computer that performs functions pertaining to the vehicle engine operation and
performance. It receives input data from sensors installed at various locations of the engine

and also on the vehicle. It then processes that data, assesses the engine operating condition and

finally makes real-time adjustments via the actuators to optimize the engine performance for

improved torque-speed output, reduce fuel consumption, and emissions.
Location of ECU port for OBD Il Scanner connection:

The ECU port for the connection of the data/power cable of the OBD Il Scanner is located
under the steering wheel-usually near the clutch or brake pedal. See the white color port in

figure 15.2. Its typical design ensures the correct fitment of the OBD. Il Scanner.

7

Auto Trouble Code Meaning

Trouble Code SubSystem
B - Body

C - Chassis

P - Powertrain

U - Network Communication

PO

Type of Code
0 - Standardized Code (ISO/SAE)
1 — Manufacturer Specific Code

.

\

S

Figure 15.3 — OBD-I1 Diagnostic Fault Code designation
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VII.

OBD fault codes: Following are a few examples of the fault codes with their description.
The Students should refer the fault codes of the particular vehicle.

Powertrain Codes

P0300 — Random/Multiple Cylinder Misfire Detected

P0420 — Catalyst System Efficiency Below Threshold

P0171 — System Too Lean (Bank 1)

P0128 — Coolant Temperature below Thermostat Regulating Temperature
P0442 — Evaporative Emission Control System Leak Detected (Small Leak)
Chassis Codes

C0035 — Left Rear Wheel Speed Sensor Circuit

C1214 — Brake Control Relay Contact Circuit Open

C0036 — Right Front Wheel Speed Sensor Circuit

C0561 — ABS Brake Control Module System

C1210 — Brake Fluid Pressure Sensor Circuit

Body Codes

B0020 — Front Passenger Side Deployment Loop Resistance High

B1000 — Electronic Frontal Sensor Data

B1200 — Climate Control Push Button Circuit Open

B1325 — Oil Pressure Sensor Circuit

B1422 — Seat Belt Pre-tensioner Deployment Control Circuit

Network Codes

U0100 — Lost Communication with ECM/PCM A

U0121 — Lost Communication with Anti-lock Brake System (ABS) Control Module
U0073 — Control Module Communication Bus A Off

U0140 — Lost Communication with Body Control Module

U0401 — Invalid Data Received from Engine Control Module (ECM)
Experimental setup

Figure 15.4 — OBD Il Scanner and connectors

Maharashtra State Board of Technical Education K Scheme

Page 119



Power Engineering (315371)

VIIl.  Required Resources/apparatus/equipment with specifications
Sr.No. NameofResource SuggestedBroadSpecification | Quantity

1. ECU Available in the vehicle 1

2. Sensors and Actuators Available in the vehicle 1

3. OBDII Car Diagnostic Tool Grade Il 1
Visit to an authorized vehicle service

4. station, e. g. TATA / Maruti / Hyundai, Field visit 1
etc.

IX. Precautions to be followed

Use insulated tools and wear appropriate personal protective equipment (PPE).

Ensure that engine parts are cooled down before touching them.

Disconnect the battery to prevent electric shock or accidental short circuits.

Refer Vehicle Manufacturer’s Instruction Manual to connect and later disconnect the
engine scanner at the designated location to prevent damage to the scanner or vehicle ECU
Ensure there are no fuel leaks before starting the engine to prevent fire hazards.

X. | Procedure

1.
Z
3.

12.
13.
14.
15.
16.
17.

Park the vehicle on a level surface in neutral gear, engaging the handbrake.

Turn off the engine and allow it to cool down.

Turn the power ON of the On-Board Diagnostics (OBD I1) Scanner or Tool. Select or enter
the information of the vehicle in the Scanner Menu.

See the location of the OBD-II port shown in the Scanner (or Manufacturer’s Instruction
Manual) and identify it on the Vehicle. Usually, it is located beneath the dashboard on the
driver’s side near the clutch pedal.

Plug the diagnostic scanner into the OBD-II port carefully and securely.

Turn the ignition key to the ON position (don’t start the engine unless required by the
scanner).

Make the scanner ON and allow it to establish communication with the vehicle's ECU.
Select the correct vehicle make, model, and year if required by the scanner.

Use the scanner menu to read or retrieve stored and pending trouble codes.

. Note down any.error codes along with their descriptions, if provided.
. Navigate to the “Live Data” or similar option on the scanner to observe real-time data from

various sensors (e.g., RPM, coolant temperature, O, sensor values).

Interpret the fault codes and data to assess the health of the engine systems.

Refer to the manufacturer’s code charts or service manuals for accurate fault interpretation.
Complete the necessary repair work or analysis, and clear the codes using the scanner.
Restart the engine and check if the issues persist or the Check Engine Light reappears.
Turn off the ignition and safely unplug the scanner from the OBD-II port.

Record all retrieved codes, findings, and any corrective actions taken in a lab report or
diagnostic sheet for further reference.

Maharashtra State Board of Technical Education K Scheme
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XI. Observation and calculations
Observation Table

Sr.No. Fault code Fault/trouble description Remedies for fault/trouble

Generic Fault

g bW DN

Specific Fault

(62 N I S GO R I L R O )

XIl.  Result(s)

XII.  Interpretation of results

XIV. Conclusion and recommendation
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XV.  Practical-related questions
Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1.
2.

>

State the advantages of the OBD of a vehicle.

State the reason for recording the fault codes before clearing them from the ECU
memory.

List any three manufacturers of the vehicle OBD Scanner along with the model number.
Illustrate how the ECU uses inputs from sensors to control ignition timing.

Name the diagnostic tool commonly used to read error codes from an ECU.

[Space for Answer]
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XVI.  References/Suggestions for further reading
e OBD Codes: https://www.obd-codes.com/
e Use of OBD H Scanner: https://youtu.be/vgjoEge_a5E

XVII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (15 Marks) (60%0)
1 | Proper use of diagnostic tools 20%
2 Data interpretation skills 20%
3 | Tool handling and safety 20%
Product Related (10 Marks) (40%)
4 Interpretation of the result 10%
5 | Conclusions 10%
6 Practical related questions 20%
Total 100 %
Marks Obtained Date(ilrziscnhzztij re of
Process Related (15) | Product Related (10) Total (25)
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Practical No. 16: Test on two-stage reciprocating air compressor (Part I)

Practical Significance
Compressed air is essential for various applications, including inflating vehicle tires, spray

painting, borehole operations, fettling tools in foundries, pneumatic clamps in machinery,
cleaning in machine shops, food packaging, mining tools, and automotive service tools. As a
result, the air compressor becomes a vital piece of equipment in most industries with nearly
continuous operation. It draws in atmospheric air, compresses it, and supplies it to machines
or equipment at the necessary pressure and airflow rate.-A reciprocating air compressor can
provide higher-pressure air, which increases with the number of compressor stages. Choosing
the right compressor, capable of meeting application requirements mainly in terms of air
pressure and flow rate, while consuming less energy, requires-knowledge and skill to test
performance parameters such as delivery pressure, capacity, drive power, and-efficiency.

Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer: ‘Select
and maintain reciprocating air compressor for the desired industrial application.’

Course Level Learning Outcome (S)
CO4 - Analyze the performance of air compressor.

IV. Laboratory Learning Outcome(s)
e Perform the test using two stage reciprocating air compressor test rig to measure the
various parameters like temperature, pressure, air flow rate, etc.
e Determine actual volume of free air delivered.
V. Relative Affective Domain-related Outcome(s)
e Demonstrate working as a leader/a team member.
e Maintain tools and equipment.
e Follow ethical Practices.
VI. Relevant Theoretical Background
Working of a two-stage reciprocating air-compressor:
Atmospheric air is compressed in the first stage or low-pressure (L.P.) cylinder from suction
pressure Pi1 to intermediate (or stage or intercooler) pressure P2, thereby increasing the
temperature from T1 to T». This air is cooled down to temperature T3 at constant pressure in
the intercooler by an external cooling medium, air or water. The air is further compressed to
the delivery pressure Ps in the second stage or high-pressure (H.P.) cylinder, and air
temperature  increases to Ta. This compressed air is then delivered to the air receiver.
Maharashtra State Board of Technical Education K Scheme
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P2, T2 P2, T3 P3, T4
’/////////////4 V/////////////
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\ Driven by same
motor

Figure 16.1 — Schematic diagram of two stage reciprocating air compressor

Terms related to air compressor:
a) - Suction pressure — Pressure of air at the inlet of the compressor.

b) Discharge or delivery pressure — Pressure of the air at the outlet of the compressor.

c) Pressure Ratio — It is the ratio of discharge pressure to the suction pressure of air.

d) Free air delivery — It is the actual volume of air delivered by the compressor per unit time
when reduced at normal pressure and temperature conditions.

VIIl.  Experimental setup

Figure 16.2 - Set up of two-stage reciprocating air compressor
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VIIl.  Required Resources/apparatus/equipment with specifications
S. No. Name of Resource Suggested Broad Specification Quantity
Two- ingle-actin
revcllio r“:ig;;' gle-act gair Speed 500 to 750 rpm.
1 comp ressorgwith suitable Delivery pressure of 7 to 10 kg/cm?, 1
P . Capacity about 200 to 300 LPM.
motor drive
Range -1 to 2 kg/cm? for suction. 1
2 Pressure Gauge Range 0 to 5 kg/cm? for intercooler. 1
Range 0 to 10 kg/cm?for receiver. 1
3 Differential Manometer U-tube water manometer 1
4 Air Box About 50 liters of volume 1
5 Orifice plate 25 to 30 mm diameter fitted to air box 1
Thermometer or .
K 4
6 Tefmocouple Mercury in glass or type
- Digital temperature | Pt10ORTDsmV 4-20 A range (in case of 1
indicator thermocouple)
8 Tachometer Speed range 0 to 1500 rpm X

IX. ' Precautions to be followed
Check and maintain the proper level of lubricating oil in the compressor crankcase.
Stay away from the moving and hot parts of the compressor.

X.  Procedure
1. Fill the manometer with water up to half level.

2. Keep the delivery valve and manometer cock on the suction line in closed position.
3. Start the compressor and open the manometer cock.
4. Let the air pressure build up in the air receiver.

5. Maintain the air_pressure. in the receiver constant by adjusting-its air outlet valve. Note this

delivery pressure reading shown by pressure gauge mounted on receiver.

6. Measure and note down the motor speed using a tachometer, keeping this delivery pressure

constant.

7. Note down water manometer reading, suction pressure, intercooler pressure, delivery
pressure, suction temperature, temperatures before and after intercooler, and delivery

temperature, keeping the same delivery pressure constant.

XI.  Observation and calculations
Observation:
Diameter of orifice on air box (d) =................ mm=................ m.
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Observation Table:

S Particulars Notation Unit Reading
No. value
1 | Intake Pressure (gauge) P1 (gauge) Kg/cm?
Intake Pressure (absolute)
P1 (abs) = P(atm) + P1(gauge) P, bar
= PP | PP X 0.9806)
2 | Intercooler pressure (gauge) P2( gauge) Kg/cm?
Intermediate Pressure (absolute)
P, (abs) = P(atm) +P2 (gauge) P, bar
=l GRS I TP X 0.98006)
3 | Delivery pressure (gauge) Ps(gauge) Kg/em?
Delivery pressure (absolute)
Ps(abs) = P(atm) + P3(gauge) P, bar
= )+ (oo X 0.98006)
5] °C
4 | Intake temperature
T1 =11+ 273 °K
i 11 °C
5 ' | Temperature before intercooler
T1 =11+ 273 °K
) 11 °C
6 | Temperature after intercooler
T1 =11+ 273 °K
) 11 °C
7 | Delivery temperature
T1 =11+ 273 °K
8 | Motor Speed N1 rpm
) hy mm
9 | Manometer reading
ho mm
Calculations:
1. Density of air
Using the characteristic gas equation,
P1 XV1i= Ma X Ra X T1.
Where, ma = mass of air
Ra = Characteristic gas constant = 287 J/kg
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Now, ma =P1Xx V1 / (RaX T1)
So, density of air,
pa= Ma/ V1 =P1/[Ra X T1], where Py is in N/m?.

=P1/[Rax (t1 +273)]

e, /1287 X (......... +273)]

2. Water manometric head
hw=h1— hy

hw =i, mm of water
ESN o3 A S m of water

3. Air‘ahead, causing the flow of air

ha =hw X pw/pa Where, pw = Density of water = 1000 kg/m?®
P (S P Q0[0]0) IV (RPN )
= e [ . S m of air

4. Actual volume of free air delivered

Area of Orifice, @ = (/4) d% = (/4) X (cevvveeeeeeeereeiees )2 eeieeeessseenesesessan i m?
Actual volume of free air delivered,
Va = Cgx a xN(2gh) m3/s
Va= ... x M e XV(2 X981 X ceevva.
VA . WA - o m/s
XIl.  Result(s)
1. Delivery pressure=.................. Bar.
2. Densityofair=...............ooeeeen kg/m®
3. FAD. = i, m®/s
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XIIl.  Interpretation of results

XIV. Conclusion and recommendation

XV.  Practical-related questions
Note: Below given are few sample questions for reference. Teachers must design more such

questions so as to ensure the achievement of identified CO.

'K
2.
3.

State whether intercooling is perfect or imperfect. Justify your answer.
Calculate the mass flow rate of air through the compressor in kg/min.
Calculate the capacity of this compressor in CFM at STP conditions (15 °C and 1.01325
bar).
State the unit commonly used to express the FAD of a compressor.
Justify “a two-stage compressor is more efficient than a single-stage compressor for
high-pressure applications.”
[Space for Answer]

Maharashtra State Board of Technical Education K Scheme

Page 129



Power Engineering (315371)

XVI.  References/Suggestions for further reading

e Working of single-stage reciprocating air
compressor:https://www.youtube.com/watch?v=kFQu9uoZWKg
e Working of two-stage reciprocating air compressor:

https://www.youtube.com/watch?v=yLWzBuk5IRs

XVIIl. ' Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 | Handling of the measuring Instruments 20%
2 | Noting the Observations 20%
3 | Calculation of final readings 20%
Product Related (10 Marks) (40%)
4 | Interpretation of result 10%
5 | Conclusions 10%
6 | Practical related questions 20%
Total 100 %
Marks Obtained Dateql_zigjcnhzztij re of
Process Related (15) | Product Related (10) Total (25)
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Practical No. 17: Test on two-stage reciprocating air compressor (Part I1)

Practical Significance

Compressed air is required for a variety of applications like inflation of vehicle tyres, spray
painting, bore-well, fettling tools in foundry, pneumatic clamps in machines, cleaning in
machine shop, food packaging, mining tools, automobile service tools, etc. So, the air
compressor becomes essential utility equipment in most industries that have almost continuous
operation. It takes in the atmospheric air, compresses and delivers it to the machines or
equipment at the required pressure-and rate of air discharge. A reciprocating air compressor is
capable of providing air-at higher pressure, which -increases with the number of compressor
stages. Selection of the appropriate compressor, which fulfills the requirement of such
applications pertaining mainly to air pressure and flow rate, consuming less energy, demands
knowledge and skill to test the performance of the air compressor for-the parameters of delivery
pressure, capacity, drive power, efficiency, etc.

Industry/Employer Expected Outcome (S)
This practical is expected to develop the following skills for the industry/Employer: ‘Select
and maintain reciprocating air compressor for the desired industrial application.’

Course Level Learning Outcome (S)
CO3 - Analyze the performance of air compressor.

IV.  Laboratory Learning Outcome(s)
e Calculate pressure ratio, volumetric efficiency & isothermal efficiency.
e Draw the performance characteristics.
V. Relative Affective Domain-related Outcome(s)
e Demonstrate working as a leader/a team member.
e Maintain tools and equipment.
e Follow ethical Practices.
VI. Relevant Theoretical Background
Terms related to air compressor:
a) Pressure Ratio — It is the ratio of discharge pressure to the suction pressure.
b) Volumetric efficiency — It is the ratio of the actual volume of air sucked in by the
compressor during the suction stroke to the swept volume of the cylinder.
c) Isothermal Efficiency — It is the ratio of isothermal work of compression to the
indicated work of compression.
d) Mechanical efficiency — It is the ratio of the actual or indicated power required for the
compression of air to the driving power supplied at the compressor shaft.
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Performance characteristics of compressor:

Effectiveness of intercooler:

Perfect intercooling —

If the intercooler brings down the air temperature back to the suction temperature, intercooling
is perfect. i.e., when T3=T1.

Imperfect intercooling —

If the intercooler is not able to bring down the air temperature back to the suction temperature,
intercooling is imperfect. i.e. when T3>Tj.

From the p-V diagram, we clearly see that the amount of compression work saved increases
with the effectiveness of the intercooler, and perfect intercooling is most desirable.

Work saved=Area(2-3.4.4)

Perfect Intercoolng Impex fect Intercootmg

Figure 17.1 — P-V diagram for two-stage air compression with intercooling showing work
saved during compression.

Comparison of compression process —
PA

’)‘ R Sy A ———

i Isentropic (n = k)
Polytropic (1 <n <k)
Isothermal (n = 1)

DD o e s smge cam sane S et o
ll

>

v
Figure 17.2 — P-V diagram showing types of compression processes
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For a compressor, power consumption increases with the discharge pressure:

100 * Power consumption(50%)
= Compressor work

0 200 400 600 800 1000
Discharge pressure [kPa]

Figure17.3 — Variation of compression power with discharge pressure

VII.  Experimental setup

Figure 17.4 - Set up of two-stage reciprocating air compressor
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VIIl.  Required Resources/apparatus/equipment with specifications
S. No. Name of Resource Suggested Broad Specification Quantity
Two- ingle-actin
revcllio r“:ig;;' gle-act gair Speed 500 to 750 rpm.
1 comp ressorgwith suitable Delivery pressure of 7 to 10 kg/cm?, 1
P . Capacity about 200 to 300 LPM.
motor drive
Range -1 to 2 kg/cm? for suction. 1
2 Pressure Gauge Range 0 to 5 kg/cm? for intercooler. 1
Range 0 to 10 kg/cm?for receiver. 1
3 Differential Manometer U-tube water manometer 1
4 Air Box About a 50-liter volume 1
5 Orifice plate 25 to 30 mm diameter fitted to air box 1
Thermometer or .
K 4
6 Tefmocouple Mercury in glass or type
- Digital temperature | Pt100RTD 4-20 A range (in case of 1
indicator thermocouple)
8 Tachometer Speed range 0 to 1500 rpm X

IX. = Precautions to be followed
Check and maintain a proper level of lubricating oil in the compressor crankcase.
Stay away from the moving and hot parts of the compressor.
X.  Procedure
Fill the manometer with water up to half the level.
Keep the delivery valve and manometer cock on the suction line in closed position.
Start the compressor and open the manometer cock.
Let the air pressure build up in the air receiver.

Ok wbdE

XI.  Observations and calculations

Maintain the air pressure in the receiver constant by adjusting-its air outlet valve. Note this

delivery pressure reading shown by the pressure gauge mounted on receiver.

Measure and note down the motor speed- using a tachometer, keeping this delivery pressure

constant.

Note down water manometer reading, suction pressure, intercooler pressure, delivery
pressure, suction temperature, temperatures before and after intercooler, and delivery

temperature, keeping the same delivery pressure constant.

1. Diameter of L.P. cylinder, Dp=............... mm=............... m.
2. Diameter of H.P. cylinder, Dup=............... mm=................ m.
3. Stroke length of L.P. and H.P. cylinders, L1 =Lo=............... mm =
4. Diameter of motor pulley, (D1) = ................ mm

5. Diameter of compressor pulley, (D2) = ................ mm
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Observation Table

Sr. . i . Reading
No. Particulars Notation Unit value
1 | Intake Pressure (gauge) P1 (gauge) Kg/cm?
Intake Pressure (absolute)
P1 (abs) = P(atm) + P1(gauge) P, bar
il COTPT Y+ (e X.0.9800)
2 | Intercooler pressure (gauge) P2( gauge) Kg/cm?
Intermediate Pressure (absolute)
P, (abs) = P(atm) +P2 (gauge) P, bar
=i, Y+ (it X 0.9806)
3 | Delivery pressure (gauge) Ps(gauge) Kg/cm?
Delivery pressure (absolute)
Ps(abs) = P(atm) + P3(gauge) Ps bar
=t b Y+ (oennnnnns X 0.98006)
11 °C
4 | 'Intake temperature
T1 =11+ 273 °K
i 11 °C
5 | Temperature before intercooler
Ty =11+ 273 °K
) 11 °C
6 | Temperature after intercooler
T1 =11+ 273 °K
. t1 °C
7 | Delivery temperature
T1 =11+ 273 °K
8 | Motor Speed Ny rpm
. hy mm
9 | Manometer reading
h2 mm
Note: Write down here the observations from Practical No. 16.
Calculations:
A. Calculations for Pressure Ratio
1. First stage pressure ratio (L.P. Cylinder)
rn=Py/Pi=............... A,
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2. Second stage pressure ratio (H. P. Cylinder)

Also,r=rixr=............. Xt e T e
B. Calculations for Volumetric Efficiency
1. Actual volume of free air delivered
Note: Take this F.A.D. value (Vz) from Practical No. 16.
2. Compressor Speed
As a belt drive is used, we have D1 X N1 = D2 X N2
So, compressor Speed, N2 = D1 X Nz /D2 =.......... b T [ i C 0 WS | rpm

Note: If the compressor is directly coupled to a motor, their speeds are equal.

3. Theoretical volume of air delivered in one cycle,
Volume of L.P. cylinder,
Vip=m4)xDip? X L1, = (@W4) X (c.oevven Y2 X e m®/ cycle

4. Theoretical volume of air delivered per unit time
Vin=Vip X(N2/60) = .....ocoovviiniiniinnn... > & CUTTTTTIT / 60), m®/s

5. Volumetric Efficiency
Volumetric efficiency = {(Actual volume of free air delivered) / Theoretical volume of
free air delivered)} x 100

Nvol = (Va/ Vi) % 100

C. Calculations for Isothermal Efficiency
1. Index of compression
Compression follows the polytropic process, i.e.,PV"=C
a) Value of compression index ‘n’ for 1 stage compression —

We know that for the compression process 1-2,
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(T1/T2) =(P1/P2)""/M

b) Value of compression index ‘n’ for 2"? stage compression —
We know that for the compression process 2’-3

(79 =P/ "M

2. Actual work done
a) Work done in compressing air in a low-pressure (L.P.) cylinder

Wip = (n/ n-1) x{P1V1 x [(P2 /p1)™™-1]},J/s

(n/n-1) x {maRaT1 x [(P2/P1) "¥M-1]}, J/s  where, Ra=287 J/ kg °K.

WV Lp = s e e e e J/s
b) Work done in compressing air in high-pressure (L.P.) cylinder
Whp=(n/ n-1) x{P2V2x [(P3 /Pz)(n'lm)-l]},\]/s

=(n/n-1) x {maRaT2'x [(P3/P2) ™¥M-1]},J/s  where, Ra=287 J/ kg °K.

WHP = mmm e e e e e e e e e J/s
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Hence, actual work done or indicated work

Wing = Wip + Wip =

..................... o
Wind =i J/s
3. Isothermal Work
Wiso =P1Vix [loge(P3/P1)]
= maRaT1 x[loge(P3/P1)] Jis
=4 e ¥ J/sor W
S AP AN KW.
4. 'Isothermal efficiency
Diso= (Isothermal work/Indicated work)
= (Wiso / Wing) x 100
3¢ B T ) x100

XIl. '+ Results

1. Compressor pressure ratio, I = ............c.enn...
2. Volumetric efficiency, nvo=
3. Isothermal efficiency, niso =

XIII. Interpretation of results

XIV. Conclusion and recommendation

XV.  Practical-related questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.
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1. Compare the amount of work of compression in the two stages. Put your comment.

2. State the factors that affect the compressor performance.

3. Calculate the percentage of power saved due to the two-stage compression against the
single-stage compression having the same overall pressure ratio.

4. Explain how the clearance volume affects volumetric efficiency.

5. Explain the common causes that can lead to lower-than-expected volumetric efficiency
in an engine

[Space for Answer]
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XVI.  References/Suggestions for further reading

e Parts .and. working -of two-stage air.compressors

performance:https://youtu.be/bJluUxA7aaY

e Work done on multistage compressor —with perfect and

coolinghttps://www.youtube.com/watch?v=PEGIH35vd8k

XVII. Rubrics for Assessment Scheme

view of their

imperfect inter-

Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 | Handling of the measuring Instruments 20%
2 | Noting the Observations 20%
3 | Calculation of final readings 20%
Product Related (10 Marks) (40%)
4 | Interpretation of the result 10%
5 | Conclusions 10%
6 | Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related
(15) (10) Total (25)
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Practical No. 18: Losses in the compressed air system
I.  Practical Significance

Compressed air is widely regarded as the "fourth utility"” in industries, essential for operating
pneumatic tools, actuators, conveyors, and process equipment. However, it is one of the most
inefficient energy systems, with typical energy losses ranging from 20% to 50%, primarily due
to leaks, pressure drops, poor system design, and lack of maintenance. This practical enable
student to inspect a compressed air system, identify various sources of losses, and understand
their impact on the overall efficiency and cost of operation. By identifying and mitigating
compressed air losses, students contribute to reduced greenhouse gas emissions and support
global sustainability goals.

Il.  Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer: ‘ability of
students to identify and quantify different types of air losses within a compressed air system.

I1l.  Course Level Learning Outcome ()
CO5- Use the knowledge of energy saving in air compressor & refrigeration and air-
conditioning systems.

IV. = Laboratory Learning Outcome(s)
e Inspect the given compressed air system.
e Find out the sources of losses that occurred in the given compressed air system.

V.  Relative Affective Domain-related Outcome(s)
e Demonstrate working as a leader/a team member
e - Follow safety practices
e Understand the environmental impact of steam boilers.
o _Follow ethical Practices.

VI. Relevant Theoretical Background

Principles of Compressed Air Systems:

A compressed air system generally includes an Air Compressor, which turns electrical (or

mechanical) energy into pneumatic energy by compressing ambient air. Receiver Tank: Holds

compressed air to handle demand changes and stabilize pressure. Distribution Network:

Consists of pipes, fittings, filters, regulators, and valves that carry air to end-use equipment.

End-use Devices: Pneumatic tools, actuators, conveyors, and more.

Types of Losses in Compressed Air Systems:

A. Air Leakage: Unintended escape of compressed air through joints, fittings, hoses, and
valves.

B. Pressure Drop: Loss of pressure as air travels through pipes and components due to friction
and obstructions.

C. Heat Loss: Air compression generates heat. In a non-ideal (adiabatic) compression process,
a significant portion of input energy is lost as heat (80—90%).
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VII.  Experimental setup

Figure 18.1 - Set up of two-stage reciprocating air compressor

VIIl.  Required Resources/apparatus/equipment with specifications
S. No. Name of Resource Suggested Broad Specification Quantity
Two-stage single-actin
revc\:li rsocgtinl g I gair Speed 500 to 750 rpm.
1 comp ressorgwith suitable Delivery pressure of 7 to 10 kg/cm?, 1
press Capacity about 200 to 300 LPM.
motor drive
2 Pressure Gauges 0-16 bar, 0.1 bar accuracy 1
3 Receher aFgikn (Alr 100-200 liters capacity, rated to 10 bars 1

Storage)

IX.  Precautions to be followed
Do not operate the compressor without checking the oil
Wear ear protection when the compressor is running.
Ensure gauges are zeroed before taking readings.

X.  Procedure
1. Turn ON the air compressor and allow it to build pressure up to the system's working

pressure.

2. Observe pressure stabilization at the receiver tank.
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3. Walk around the system and listen for hissing or whistling sounds, which may indicate
air leaks.

4. Visually inspect joints, valves, and flexible hoses for damage or loose connections.

5. Use pressure gauges to record the air pressure at: Compressor outlet, Receiver tank,
After filter unit, Before and after regulator, and at end-use points.

6. After completing leak detection, Turn OFF the compressor. Close the main outlet valve.

XI. Observation and calculations

Observation:
Sr. No Measurement Point Pressure (bar) Remarks
1 Compressor Outlet (Receiver
Input)
2 After the Receiver Tank
3 Before Filter Unit
4 After Filter Unit
5 Before Regulator
6 After Regulator
7 End-Use Point
Calculation:
Total pressure drop in the system = Pressure at the compressor — Pressure at the end
Outlet use point
o s bar
XII. Result(s)
XII.  Interpretation of results
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XIV. Conclusion and recommendation

XV. Practical-related questions
Note: Below given are a few sample questions for reference. Teachers must design more such

questions-to ensure the achievement of identified CO.

1.
2.
3.

Name any-three major components of a compressed air system.
List two instruments commonly used to detect air leakage.
State the importance of measuring pressure at different points within a compressed air
system
Illustrate the use of a flow meter to identify a hidden loss in the system.
Explain the importance of routine maintenance for minimizing energy loss in a
compressed air system.
[Space for Answer]
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XVI. References / Suggestions for Further Reading
e _https://www.youtube.com/watch?v=4JiQ5XfpwfA
o https://www.iso.org/standard/46418.html
e https://beeindia.gov.in/sites/default/files/3Ch3.pdf

XVIIl.  Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 - | Handling of the measuring Instruments 20%
2 | Taking readings of required parameters 20%
3 | Observation and Recording Skills 20%
Product Related (10 Marks) (40%)
4 Logical Analysis of Observations 10%
5 Conclusions 10%
6 Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related Total
(15) (10) (25)
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Practical No. 19: Energy saving in air-conditioning system

Practical Significance

With increasing urbanization and the widespread use of air conditioning in residential,
commercial, and industrial buildings, HVAC (Heating, Ventilation, and Air Conditioning)
systems make up a large portion of total electrical energy use. Therefore, even small
improvements in the energy efficiency of air conditioning systems can result in significant
savings on electricity bills and help reduce environmental impact. These practical enables
students to understand, observe, and measure how operational strategies and maintenance
practices affect energy consumption in AC systems.

Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer —
e Ability to assess and optimize the performance of HVAC systems for energy. efficiency.
e - Basic competence in monitoring air conditioning energy usage-and implementing
corrective actions.
Course Level Learning Outcome (CO)
CO5 - Use the knowledge of energy saving in air compressor & refrigeration and air-
conditioning systems.

IV. Laboratory Learning Outcome(s)
e Inspect the air conditioning system.
e Prepare the checklist for energy efficiency.
V.  Relative Affective Domain Related Outcome(s)
e Demonstrate working as a leader/a team member.
e Practice good housekeeping
o Follow ethical Practices.
VI.  Minimum Theoretical Background
Energy saving in air.conditioning systems is fundamentally based on understanding how
these systems consume energy and how their performance can be optimized through design,
operation, and maintenance strategies. Air conditioners work on the vapor compression
refrigeration cycle, where energy is consumed mainly by the compressor to circulate
refrigerant through the system and transfer heat from indoor air to the external environment.
The Coefficient of Performance (COP) serves as a key performance indicator; higher COP
values represent better efficiency with less energy consumed for the same cooling
effect. Knowledge of psychometrics, including dry bulb and wet bulb temperatures, and
relative humidity, is also necessary to assess thermal comfort and the effectiveness of
cooling.
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VII.  Experimental setup

Fig 19.1 Window air conditioner

Fig 19.2 Split air conditioner

VIIl.  Required Resources /Apparatus/Equipment with specifications
Sr. No Name of Resource Suggested Broad Specification Quantity
Split or Window AC, 1.5 Ton,5-Star BEE
1 Air Conditioner (Bu.reau of Energy Efficiency) Rgted, 1
Adjustable thermostat, fan speed settings,
and timer
) Digital Energy Meter Single phase, 230V, 5-30A, class 1.0 1
accuracy.
3 Thermometer Digital, -10°C to-50°C range 1
4 Hygrometer Digital, 10% to 90% RH 1
5 Stopwatch Digital, accurate to 1/100 sec 1
6 Lux Meter Digital Light Meter, Range: 0-50,000 lux 1
IX.  Precautions to be Followed
e Avoid frequent switching ON/OFF of the air conditioner.
e Ensure accurate placement of sensors for true readings.
e Allow the system to stabilize before taking readings.
e Ensure the test room remains closed during readings to minimize external load.
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X.  Procedure

1.

16.
17.
18.
19.

Ensure that the test room is enclosed and has minimal air leakage.

Switch OFF all unnecessary heat-generating devices (lights, computers, fans) for initial
baseline measurement.

Record the initial room temperature (dry bulb), relative humidity, and ambient
temperature outside the room.

Note down the power reading on the digital energy meter.

Note down the initial fan speed, thermostat setting, and initial airflow condition.

Set the thermostat temperature to 24°C (recommended standard for energy efficiency).
Set the fan speed to medium or auto.

Close all doors and windows properly.

Start the air conditioner and stopwatch simultaneously.

. Allow the system to run for 20 to 30 minutes.

. Afterwards, record the Room temperature, Relative humidity, and Energy meter reading.
. Increase the thermostat setting to 26°C and repeat the test for 30 minutes.

. Afterwards, record the Room temperature, Relative humidity, and Energy meter reading.
.Now reduce the thermostat to 22°C, repeat the test.

. Compare the energy consumption across different thermostat settings to evaluate the most

efficient one.

Open the blinds or curtains to allow sunlight in and record a 30-minute test.

Observe changes in room temperature rise, compressor run-time, and power usage.
Run tests at low, medium, and high fan speeds (keeping temperature constant at 24°C).
Note power readings and cooling comfort.

XI. ' Observations and calculations
Observations:

Y Initial | Final
Thermostat | - Time of | Energy | Energy Energy Room | Room Initial | Final
Setting Operation | Meter Meter | Consumed Tem Tem RH RH
(°C) | (minutes) | Reading | Reading | (kwh) (oc)p (oc)p %) | (%)
(kwh) | (kwh)
22
24
26
Effect of Thermostat Settings on Energy Consumption
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Initial | Final Initial | Final
Thermostat | Timeof | Energy | Energy Energy Initial | Final
Test . . Room | Room
Condition Setting Operation | Meter Meter | Consumed Ternp | Tem RH RH
(°C) | (minutes) | Reading | Reading | (kWh) (oc)p (oc)p ©) | (90)
(kwh) (kWh
Blinds
Open
. 24
(Sunlight
in)
Blinds
Closed 24
(Curtains)
Effect of Room Insulation / External Heat Load on Energy Consumption
Initial |~ Final Initial | Final
Fan | Thermostat | Time of | Energy | Energy Energy Room | Room Initial | Final
Speed Setting Operation | Meter Meter | Consumed Temp | Tem RH RH
setting |  (°C) | (minutes) | Reading | Reading | (kwh) (OC)p (oc)p %) | (%)
(kwh) | (kwh)
Low 24
Medium 24
High 24
Effect of Fan Speed on Energy Consumption
Sr. No Parameter Observation/Remarks Recommendation
1 Thermostat setting
2 Fan speed
3 Room insulation
4 Sunlight Exposure
5 AC Type
5 Compressor ON
time

Energy Efficiency Checklist
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Calculations:
I) For the Effect of Thermostat Settings
Energy Consumed (kWh)=Final Meter Reading (kWh)—Initial Meter Reading (kWh)

S kWh
Energy Consumption for Energy Consumption for
initial thermostat setting -final thermostat setting
Energy Saving =  -ommmmmm e x 100

I) For the Effect of external load
Energy Consumed (kWh)=Final Meter Reading (kWh)—Initial Meter Reading (kWh)

Energy Consumption (Blinds open) - Energy Consumption (Blinds closed)
ENErgy Saving =  m-memmmmme oo s oo e e e %100

I11) For the Effect of Fan Speed
Energy Consumed (kWh)=Final Meter Reading (kWh)—Initial Meter Reading (kWh)

Energy Consumption (Low fan speed)- Energy Consumption (High fan speed)
ENErgy Saving = ------m-mmmmmm oo oo oo e e %100
Energy Consumption (Low fan speed)

e %
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XIl. Results

X1, Interpretation of Results

XIV. Conclusions and Recommendations

XV. Practical Related Questions

Write the purpose of a thermostat in an air conditioning system.

List any two energy-saving devices used in air conditioners.

Explain why it is important to keep doors and windows closed when the AC is on.
Suggest ways to reduce AC energy consumption in an office building.

Enlist the causes of reduced C.O.P. in older AC systems.

ok wbdPE

[Space for Answer]
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XVI.  References/Suggestions for further reading
e https://www.youtube.com/watch?v=1Gjlz2xGX3Y
e https://www.youtube.com/watch?v=Y8yZbUBmpWY
e https://www.youtube.com/watch?v=REIQLAgpzdI&list=PLp6ek2hDcoNBVI0ffELOySk
SaPYk4ZU83&index=16
e https://www.energy.gov/energysaver/air-conditioning
e https://keralaenergy.gov.in/files/events/energy-hvac.pdf
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XVII.  Rubrics for Assessment Scheme
Performance Indicators Weightage
Process Related (15 Marks) (60%)
1 | Handling of the measuring Instruments 20%
2 Taking readings of required parameters 20%
3 | Observation and Recording Skills 20%
Product Related (10 Marks) (40%)
4 Logical Analysis of Observations 10%
5 Conclusions 10%
6 Practical related questions 20%
Total 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Related Total
(15) (10) (25)
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