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PREFACE

The primary purpose of the-laboratory “THERMAL ENGINEERING’ is-to show students the
experimental methods-on thermal energies on various engines-and demonstrate their
operational procedures. These values can be further used to determine other fuel properties.
In order that students have a fairly good understanding of the theory underlying the
experiments, the entire course is designed such that classroom lectures precede lab-work.-
Students are advised to pay close attention in class so that they can perform-well in-the lab.

LAB POLICY

GROUPS

Students will be formed into groups of three or four on the first lab day. Once a student has
signed up with a group, he or she may not change groups without prior approval of the
instructor.

LAB REPORTS

You will perform the experiment in group, and turn in ONE REPORT PER GROUP.
Your report should be self-contained, i.e. an  engineering technologist should be able
to perform the experiment and duplicate your results by reading your report. DO NOT
"adjust" your data to make them fit what you believe to be an acceptable value. Your
report should be an accurate description of the experiment. If your results differ
significantly from reference values you should check your settings carefully (calibration,
wrong units, wrong calculations, etc.), and do the experiment again. Try to explain any
discrepancies but do not "adjust" your data.

REPORT FORMAT:

The report must be hand written. A report should include the following in order
A. Atitle page, which includes the following information, in order:
1. Course Number and Section Number
2. Experiment Title
3. Names of the Group Members (who contributed to do the lab/report)
4. Due Date

B. Objective or purpose of the experiment work.
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C. Theoretical aspect of the experiment.

D. Experimental procedure that explains briefly the procedure of how the experiment
was performed and all the equipment used.

E. Experimental and/or calculated results. (Include all data you have taken, a
sample calculation, and the results) The result table must be presented in
tabular form. Also, all calculations and graphical work (e.g. graph) must be
hand written/drawn.

F. Discussion of results in light of the theoretical “predictions”. Include an error
analysis. Quantify the errors whenever possible.

G. Conclusions, wherein you write what you learned from the experiment. Your

conclusions must summarize your report and must be based on your

experimental results
Lab reports are due at the beginning of next lab. Late lab reports will not be accepted.
Note: In order to geta good grade in the lab, please follow the instructions listed
below:
1. Read about the lab prior to the beginning of the lab. Do each lab with an

attitude of learning.

2. Please bring your lab-manual to-the-lab. Each group should-have-at-least one -lab manual
with them.

3.Students are advised-to bring-blank-and graph papers to-the-lab,-on-which
-you can do calculations and draw graphs

ATTENDANCE:

Attendance will be taken at the beginning of every lab session.

STRENGTH OF MATERIALS LAB POLICY:

We wantto maintain the high quality conditions of this lab  for the students in future
years. Thus, it is necessary for you to adhere to the established policy of NO

BEVERAGES, FOOD, NEWS PAPERS, MAGAZINES, TOBACCO PRODUCTS AND
ANIMALS within the Strength of Materials lab.
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SAFETY:

For your own safety, please wear the pants and shoes that cover toes for this Lab. The

safety goggle will be needed for several labs.

GENERAL INSTRUCTIONS

1. Every student should obtain a copy of the laboratory manual.

2. Dress code: Students must come to the laboratory wearing: (1) trousers, (i) half-
sleeve tops and (iii) Leather shoes.

Half pants, loosely hanging garments and slippers are not allowed.

3. To avoid any injury, the student must take the permission of the laboratory staffs
before handling the machines.

4. EVERY STUDENT IS REQUIRED TO HANDLE THE EQUIPMENT WITH CARE.
5. Students must ensure that their work areas are clean.

6. At the end of each experiment, the student must take initials from the staff on
your data/observations.

7. Laboratory report must be submitted in standard sheet, available at stores in the
subsequent lab turn. Reports on ordinary sheets and computer papers will not be
accepted.

8. Each member-of any group must submit lab report even if the experiment has been
performed in-a group.

9. The lab report must contain:

I.  Title of the experiment,
II.  Three to four lines stating the objectives,
lll. A few lines on background;
IV. Name of all equipments/tools used along with one line description of its use
V. Neatly labeled sketches.

10. Student can check their laboratory reports after correction for discussion.
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LIST OF EXPERIMENTS

SN NAME OF THE EXPERIMENT

1. | 1.C. ENGINE VALVE TIMING DIAGRAM

2. | I.C. ENGINE PORT TIMING DIAGRAM

3. | I.C. ENGINE PERFORMANCE TEST ON SINGLE CYLINDER 4
STROKE DIESEL ENGINE

4. | PERFORMANCE TEST ON SINGLE CYLINDER 2 — STROKE PETROL
ENGINE
PERFORMANCE TEST ON SINGLE CYLINDER 4 — STROKE

5. | PETROL ENGINE

6. | MORSE TEST ON 4 - CYLINDER 4 - STROKE PETROL ENGINE

7. | EVALUATION OF ENGINE FRICTION BY CONDUCTING
MOTORING/RETARDATION TEST ON SINGLE CYLINDER 4 STROKE
DIESEL ENGINE

8. | HEAT BALANCE TEST ON SINGLE CYLINDER 4 STROKE DIESEL
ENGINE

9. | DETERMINATION OF AIR/FUEL RATIO AND VOLUMETRIC
EFFICIENCY ON 4-STROKE DIESEL ENGINE

10. | DIS-ASSEMBLY/ASSEMBLY OF I.C. ENGINE

11. | PERFORMANCE TEST ON RECIPROCATING AIR COMPRESSOR

12 | STUDY OF BOILERS
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Experiment No. 1

|.C. ENGINE
VALVE TIMING DIAGRAM
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VALVE TIMING DIAGRAM

The experiment is conducted to

Determine the actual valve timing for a 4-stroke diesel engine and hence
draw the diagram.

PROCEDURE:
1. Keep the decompression lever in vertical position.
. Bring the TDC mark to the pointer level closed.

3. Rotate the flywheel till the inlet valves moves down i.e., opened.

4. Draw a line on the flywheel in front of the pointer and take the
reading.

5. Continue to rotate the flywheel till the inlet valve goes down and
comes to horizontal position and take reading.

6. Continue to rotate the flywheel till the outlet valve opens, take the
reading.

7. Continue to rotate the flywheel till the exhaust valve gets closed and

take the reading.

Observations

Arc Length, S Angle ‘©
Sl. - )
No Valve Position in
' cm mm degrees
] TDC - Inlet Valve
open
BDC — Inlet Valve
2
Close
3 TDC — Exhaust
Valve Open
4 BDC — Exhaust
~Valve Close

7 Thermal Engineering Lab Manual



MRCET Dept. Of MECHANICAL ENGINEERING

[2016-17]

Calculations
1. Diameter of the flywheel, D

D = Circumference of the flywheel
™

2. Angle ‘0’ in degrees,

S x 360

0 = DxTr

Where,
S = Arc length, mm

RESULT:

Valve Timing diagram is drawn
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Experiment No. 2

I.C. ENGINE
PORT TIMING DIAGRAM
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PORT TIMING DIAGRAM

The experiment is conducted to

Determine the actual PORT timing for a 2-stroke Petrol engine and hence
draw the diagram.

PROCEDURE:

1) Bring the Piston to Top and start as if from the spark.

2) Rotate the flywheel till the Exhaust port opens and note the reading.

3) Continue the same way and note the reading for the Transfer port.

4) Continue to rotate the flywheel till the Piston moves from BDC to TDC and note
down the closing of Transfer and Exhaust port readings.

Observations:

Sl. No. Valve Position Angle ‘0’ in degrees
1 Transfer Port open
2 Transfer Port Close
3 Exhaust Port Open
4 Exhaust Port Close

RESULT:

Port Timing diagram is drawn.
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Experiment No. 3

|.C. Engine Performance Test
Single Cylinder 4 Stroke Diesel Engine
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|.C. Engine Performance Test
Single Cylinder 4 Stroke Diesel Engine
INTRODUCTION

A machine, which uses heat energy obtained from combustion of fuel and
converts it into mechanical energy, is known as a Heat Engine. They are
classified as External and Internal Combustion Engine. In an External
Combustion Engine, combustion takes place outside the cylinder and the heat
generated from the combustion of the fuel is transferred to the working fluid
which is then expanded to develop the power. An Internal Combustion Engine is
one where combustion of the fuel takes place inside the cylinder and converts
heat energy into mechanical energy. IC engines may be classified based on the
working cycle, thermodynamic cycle, speed, fuel, cooling, method of ignition,

mounting of engine cylinder and application.

Diesel Engine is an internal combustion engine, which uses heavy oil or
diesel oil as a fuel and operates on two or four stroke. In a 4-stroke Diesel
engine, the working cycle takes place in two revolutions of the crankshaft or 4
strokes of the piston. In this engine, pure air is sucked to the engine and the fuel
is injected with the combustion taking place at the end of the compression stroke.
The power developed and the performance of the engine depends on the
condition of operation. So it is necessary to test an engine for different conditions

based on the requirement.

DESCRIPTION OF THE APPARATUS:

The test rig is built for loading mentioned below:

a.

Mechanical Loading (Water cooled)

The equipment consists of KIRLOSKAR Diesel Engine (Crank started) of Shp
(3.7kW) capacity and is Water cooled. The Engine is coupled to a Rope Brake
Drum Dynamometer for loading purposes. Coupling is done by an extension
shaft in a separate bearing house. The dynamometer is connected to the spring
load assembly for varying the load.
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2. Thermocouples are provided at appropriate positions and are read by a digital
temperature indicator with channel selector to select the position.

3. Rota meters of range 15LPM & 10LPM are used for direct measurement of
water flow rate to the engine and calorimeter respectively.

4. Engine Speed and the load applied at various conditions is determined by a
Digital RPM Indicator and spring balance reading.

5. A separate air box with orifice assembly is provided for regularizing and
measuring the flow rate of air. The pressure difference at the orifice is
measured by means of Manometer.

6. A volumetric flask with a fuel distributor is provided for measurement and
directing the fuel to the engine respectively.

EXPERIMENTATION:
AlM:
The experiment is conducted to
a. To study and understand the performance characteristics of the engine.
b. To draw Performance curves and compare with standards.
PROCEDURE:
1. Give the necessary electrical connections to the panel.
2. Check the lubricating oil level in the engine.
3. Check the fuel level in the tank.
4. Allow the water to flow to the engine and the calorimeter and adjust

the flow rate to 6lpm & 3lpm respectively.

Release the load if any on the dynamometer.

Open the three-way cock so that fuel flows to the engine.
Start the engine by cranking.

Allow to attain the steady state.

© © N o o

Load the engine by slowly tightening the yoke rod handle of the Rope
brake drum.

10.  Note the following readings for particular condition,

a. Engine Speed

b. Time taken for __ cc of diesel consumption

C. Rotameter reading.
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d. Manometer readings, in cm of water &
e. Temperatures at different locations.
11.  Repeat the experiment for different loads and note down the above
readings.
12.  After the completion release the load and then switch of the engine.
13.  Allow the water to flow for few minutes and then turn it off.
OBSERVATIONS:
Sl. Speed, |Load Applied Manometer Time for
No. |rpm Reading 10cc of
Fi [F2 [F= hi [h2 [hw= fuel
(F1~F2) (h1+h2) collected, t

Sec
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Sl. No. T1 T2 T3 T4 T5 T6
Sl. No. Engine water flowrate, Calorimeter water flowrate,
LPM1 LPM2
CALCULATIONS:

1. Mass of fuel consumed, ms

m¢ — Xcc x Specific gravity of the fuel (

kg/sec)
1000 x t

Where,
SG of Diesel is = 0.827
Xcc is the volume of fuel consumed = 10ml

t is time taken in seconds

2. Heat Input, HI

HI = m; x Calorific Value of Fuel, kW

Where,
Calorific Value of Diesel = 44631.96 KJ/Kg
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3. Output or Brake Power, BP

Engine output BP = 21 NT kKW
60000

Where,
N = speed in rpm
T=Fxrx9.81 N-m
r=0.15m

4. Specific Fuel Consumption, SFC
SFC = M; x 3600 kg/kW — hr
BP
5. Brake Thermal Efficiency, nbth%

Nobthee = 3600 X 100
SFC xCV

6. Mechanical Efficiency. Nmech%

Nmech% = BP x 100
IP

Determine the IP = Indicated Power, using WILLAN’S LINE method
and the procedure is as below:
» Draw the Graph of Fuel consumption Vs Brake power
« Extend the line obtained till it cuts the Brake power axis

« The point where it cuts the brake power axis till the zero
point will give the Power losses (Friction Power loss)

« With this the IP can be found wusing the relation:
IP=BP + FP

Fuel

Consurm ption
WILLAN'S
LINE

power Brake Power
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TABULATION:
Sl. Input Output SFC Brake Thermal Mechanical
Power Power Efficiency Efficiency
1
2
3
4
5
RESULT:
Graphs to be plotted:
1) SFC v/s BP
2) Nbth v/s BP
3) r]mech V/S BP
4) nvo V/s BP

PRECAUTIONS:

1. Do not run the engine if supply voltage is less than 180V
2. Do not run the engine without the supply of water.

3. Supply water free from dust to prevent blockage in rotameters, engine
head and calorimeter.

4. Note that the range for water supply provided is an approximate standard
values, however the user may select the operating range to his
convenience not less than 3 & 2 LPM for engine and calorimeter

respectively.

5. Do not forget to give electrical earth and neutral connections correctly.

6. It is recommended to run the engine at 1500rpm otherwise the

rotating parts and bearing of engine may run out.
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Experiment No. 4

PERFORMANCE TEST ON
SINGLE CYLINDER 2 — STROKE
PETROL ENGINE
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PERFORMANCE TEST ON

SINGLE CYLINDER 2 - STROKE PETROL

ENGINE
INTRODUCTION

A machine, which uses heat energy obtained from combustion of
fuel and converts it into mechanical energy, is known as a Heat Engine.
They are classified as External and Internal Combustion Engine. In an
External Combustion Engine, combustion takes place outside the cylinder
and the heat generated from the combustion of the fuel is transferred to the
working fluid which is then expanded to develop the power. An Internal
Combustion Engine is one where combustion of the fuel takes place inside
the cylinder and converts heat energy into mechanical energy. IC engines
may be classified based on the working cycle, thermodynamic cycle,
speed, fuel, cooling, method of ignition, mounting of engine cylinder and

application.
DESCRIPTION OF THE APPARATUS:

The test rig is built for loading mentioned below:

a. Electrical Dynamometer Loading (AC)

1) The equipment consists of a BAJAJ make 5 port model Petrol Engine
(Kick Start) of 3hp(2.2kW) capacity and is Air cooled The Engine is
coupled to a AC Alternator for Loading purposes. Coupling is done by
an extension shaft in a separate bearing house and is belt driven. The
dynamometer is provided with load controller switches for varying the
load.

2) The engine is provided with modified head with coolin

arrangement for different compression ratio and also has an attachmen
for varying the spark timing

3) Thermocouples are provided at appropriate positions and are read by
digital temperature indicator with channel selector to select the position.

4) Engine Speed at various condition s is determined by a Digital RPM

Indicator.
5) Load on the engine is measured by means of Electrical Energy meter.
6) A separate air box with orifice assembly is provided for regularizing

and measuring the flow rate of air. The pressure difference at the orifice is

measured by means of a Manometer.
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7) A volumetric flask with a fuel distributor is provided for measurement

and directing the fuel to the engine respectively.

EXPERIMENTATION:
AIM:

The experiment is conducted to

a. To study and understand the performance characteristics of the
engine AND ]
b. To draw Performance curves and compare with standards.

PROCEDURE:

—

Give the necessary electrical connections to the panel.
Check the lubricating oil level in the engine.

Check the fuel level in the tank.

Release the load if any on the dynamometer.

Open the three-way cock so that fuel flows to the engine.
Set the accelerator to the minimum condition.

Start the engine by cranking.(KICK START)

Allow to attain the steady state.

© ©o N o ok~ D

Load the engine by switching on the Load controller switches

provided. (Each loading is incremental of 0.5kW)

—
o

Note the following readings for particular condition,

a. Engine Speed

b. Time taken for __ cc of petrol consumption

C. Water meter readings.

d. Manometer readings, in cms of water &

e. Temperatures at different locations.

11.  Repeat the experiment for different loads and note down the above
readings.

12.  After the completion release the load (while doing so release the

accelerator) and then switch of the engine by

pressing the ignition cut — off switch and then turnoff the panel.
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OBSERVATIONS:
Sl. Speed, Load Manometer Time for| Time for 5
No. |rpm Applied Reading, cm of 10cc of| rev of Energy
water fuel meter,
F KW h1 h2 hw = collected,
(h1+h2) t sec

SI. | Temperature, °C
No. |T1 T2

CALCULATIONS:

1. Mass of fuel consumed, ms

Where,
SG of Petrol is = 0.71

M = Xce X Specific gravity of the fuel kg/sec

1000 x t

X is the volume of fuel consumed = 10ml

t is time taken in seconds

2. Heat Input, HI

Where,

Calorific Value of Petrol = 43,120 KJ/Kg

3. Output or Brake Power, BP

Where,

BP = n x3600

kW

KXxTXnm

HI = m; x Calorific Value of Fuel, kW

n = No. of revolutions of energy meter (Say 5)
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K = Energy meter constant
T =time for 5 rev. of energy meter in seconds

Nm = efficiency of belt transmission = 80%

4. Specific Fuel Consumption, SFC

SFC = mf x 3600 kg/kW — hr
BP

5. Brake Thermal Efficiency, Npihe
Nbtho = 3600 x 100

SFC xCV

6. Calculation of head of air, Ha
Ha = hw Pwater

pair

Where,
pwater = 1000 Kg/m

Pair = 1.2 Kg/m @ R.T.P
hy is the head in water column in ‘m’ of water

7. Volumetric efficiency, nvol%

Mvo%= Qa x100
Qm
where,

Qj; = Actual volume of air taken
Qa = Cd aV (2gHa)
Where,

Cd = Coefficient of discharge of orifice = 0.62
a = area at the orifice, = ([7(0.015)? /4)

Ha = head in air column, m of air.

Qth = Theoretical volume of air taken

Q. = (I/4) x D*x L x GR x 0.5 x N

60
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Where,
D = Bore diameter of the engine = 0.057m
L = Length of the Stroke = 0.057m
N = speed of the engine in rpm.
GR = gear ratio
1St gear =14.47:1
2nd gear = 10.28:1
Srd gear = 7.31:1
4th gear = 5.36:1
TABULATION:
Sl. | Input Output |SFC Brake Volumetric
Power Power, Thermal efficiency
BP Efficiency
]
2
3
4
RESULT:

Graphs to be plotted:

1. SFCv/s BP

2. Nbth v/s BP

3. Nvoi V/s BP

PRECAUTIONS
Do not run the englne if supply voltage is less than 180V

2. Do not run the engine without the supply of water.

3. Supply water free from dust to prevent blockage in rotameter, engine head and
calorimeter.

4. Note that the range for water supply provided is an approximate standard values,
however the user may select the operating range to his convenience not less than 3
& 2 LPM for engine and calorimeter respectively.

5. Always set the accelerator knob to the minimum condition and start the engine.

6. Switch off the ignition of AUXILLARY while doing in the engine arrangement.

7. Do not forget to give electrical earth and neutral connections correctly.

8. It is recommended to run the engine at 1000rpm otherwise the rotating parts and

bearing of engine may run out.
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Experiment No. 5

PERFORMANCE TEST ON SINGLE
CYLINDER 4 - STROKE PETROL
ENGINE
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PERFORMANCE TEST ON SINGLE CYLINDER FOUR

STROKE PETROLENGINE

INTRODUCTION

AIM:

A machine, which uses heat energy obtained from combustion of fuel and
converts it into mechanical energy, is known as a Heat Engine. They are
classified as External and Internal Combustion Engine. In an External
Combustion Engine, combustion takes place outside the cylinder and the heat
generated from the combustion of the fuel is transferred to the working fluid
which is then expanded to develop the power. An Internal Combustion Engine is
one where combustion of the fuel takes place inside the cylinder and converts
heat energy into mechanical energy. IC engines may be classified based on the
working cycle, thermodynamic cycle, speed, fuel, cooling, method of ignition,

mounting of engine cylinder and application.

To conduct a performance test on four stroke single cylinder petrol engine.

INSTRU
Digital R

MENTATION:

PM indicator to measure the speed of the engine.

Digital temperature indicator to measure various temperatures.

Different

ial manometer to measure quantity of air sucked into cylinder.

Burette with manifold to measure the rate of fuel consumed during test.

ENGINE SPECIFICATION:

ENGINE YAMAHA

BHP 3 HP

RPM 3000 RPM

FUEL PETROL

No OF CYLINDERS: SINGLE

BORE 70 mm

STROKE LENGTH : 66.7 mm

STARTING : ROPE & PULLEY STARTING
WORKING CYCLE : FOUR STROKE
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METHOD OF COOLING : AIR COOLED
METHOD OF IGNITION SPARK IGNITION
ORIFICE DIA. : 20 mm
COMPRESSION RATIO 4.67

SPARK PLUG : MICO W 16022
CARBURATOR : YAMAHA 1320
GOVERNOR SYSTEM MECHANICAL GOVERNOR
TYPE : SELF EXCITED, DC SHUNT GENERATOR
POWER : 1.5 KW

SPEED : 3000 RPM

RATED VOLTAGE : 220v DC

(Max. speed to run as dc motor : 2600 RPM)
RESISTANCE LAMP BANK SPECIFICATION:

RATING : 2.5 Kw, 1d(single phase)
VARIATION : In 10 steps, by dc switches.
COOLING Air cooled

DESCRIPTION:

This engine is a four stroke single cylinder, air — cooled, spark ignition type petrol engine. It is
coupled to a loading system which is in this case is a DC GENERATOR, having a resistive
lamp bank which will take load with the help of dc switches and also providing motoring test
facility to find out frictional power of the engine.

FUEL MEASUREMENT:

The fuel is supplied to the engine from the main fuel tank through a graduated measuring fuel
engine (Burette) with 3 — way cock. To measure the fuel consumption of the engine, fill the
burette by opening the cock. By starting a stop clock, measure the time taken to consume X
cc of fuel by the engine.

AIR INTAKE MEASUREMENT:

The suction side of the engine is connected to an Air tank. The atmospheric air is drawn into
the engine cylinder through the air tank. The manometer is provided to measure the pressure
drop across an orifice provided in the intake pipe of the Air tank. This pressure drop is used
to calculate the volume of air drawn into the cylinder. (Orifice diameter is 20 mm)
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LUBRICATION:

The engine is lubricated by mechanical lubrication.
Lubricating oil recommended — SAE — 40 OR Equivalent.
TEMPERATURE MEASUREMENT:

A digital temperature indicator with selector switch is provided on the panel to read the
temperature in degree centigrade, directly sensed by respective thermocouples located at
different places on the test rig.

THERMOCOUPLE DETAILS

T1 = INLET WATER TEMPERATURE OF ENGINE JACKET & CALORIMETER.
T2 = OUTLET WATER TEMPERATURE OF ENGINE JACKET.

T3 = TEMPERATURE OF WATER OUTLET FROM CALORIMETER.

T4 = TEMPERATURE OF EXHAUST GAS INLET TO CALORIMETER.

T5 = TEMPERAUTRE OF EXHAUST GAS OUTLET FROM CALORIMETER.
T6 = AMBIENT TEMPERATURE.

LOADING SYSTEM:

The engine shaft is directly coupled to the DC Generator which can be loaded by resistive
lamp bank. The load can be varied by switching ON the load bank. The load can be varied by
switching ON the load bank switches for various loads.

PROCEDURE:

1. Connect the instrumentation power input plug to a 230v, 50 Hz AC single phase AC
supply. Now all the digital meters namely, RPM indicator, temperature indicator display the
respective readings.

N

. Fill up the petrol to the fuel tank mounted behind the panel.

. Check the lubricating oil level in the oil sump with the dipstick provided.

. Start the engine with the help of rope and pulley arrangement.

. Allow the engine to stabilize the speed i.e. 2800 RPM by adjusting the accelerator knob.
. Keep the change over switch in the generator direction.

. Apply Vs load (1.9 Amps).

. Notedown all the required parameters mentioned below.
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a.Speed of the engine in RPM.

b.load from ammeter in amps.

c.Burette reading in cc.

d.Manometer reading in mm.

e.Time take for consumption of Xcc petrol.

f.Exhaust gas temperature in degree C.

9. Load the engine step by step with the use of dc switches provided on the load bank such

as,

1/2load =3.2A/3.8A
3/4load = 4.7A/57A
Fullload = 6.3A/7.6 A

10. Note down all required readings.

OBSERVATIONS:
Sl. Speed, Load Manometer Time for
No. rpm Applied Reading, cm of 10cc of
water fuel
‘F KW h1 h2 hw = collected,
(h1+h2) t sec
ENGINE PERFORMANCE:
1. BRAKE POWER
Vi
BP = T e kW
1000 x ng

Where, V= DC voltage in volts.
| = DC current in amps.

ng = efficiency of generator = 85%
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2. MASS OF FUEL CONSUMED.
Xx 0.72 x 3600

mg

1000 x t
Where, X = burette reading in cc
0.72 = density of petrol in gram / cc

t = time taken in seconds.

3. SPECIFIC FUEL CONSUMPTION.

Mg

Sfc = —— Kg/kWh
BP

4. ACTUAL VOLUME OF AIR SUCKED IN TO THE CYLINDER.
Va =Cd X A~V2gH * 3600........... m?/ hr.
H X pw
Where, H = —— e meter of water.
1000 X pa

A = area of orifice = Nd?/ 4

h = manometer reading in mm

pw= density of water=1000 kg/m?*

pa = density of air = 1.193 kg/ m®

Cq = co-efficient of discharge = 0.62
5. SWEPT VOLUME:
n d?

Vg = — L
4
Where, d = diaofbore = 70 mm

L = length of stroke = 66.7 mm
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6. VOLUMETRIC EFFICIENCY:
Va
Nv — X 100 ............ %

Vs
7. BRAKE THERMAL OR OVER ALL EFFICIENCY

BP X 3600 X 100

Noth = T aierieeaeaaas %

meCV

Where, CV = calorific value of petrol = 43500 kd / kg.
BP = Brake Power in kW.

8. INDICATED THERMAL EFFICIENCY:
IP X 3600 X 100

Nith = Y%
me CcVv

9. MECHANICAL EFFICIENCY:

BP x 100
Nmech = = eeeeeeeenn %
IP
Where, BP = Brake Power in kW.
IP = Indicated power in kW.
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Experiment No. 6

MORSE TEST ON
4 - CYLINDER 4 - STROKE PETROL
ENGINE
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MORSE TEST ON

4 - CYLINDER 4 - STROKE PETROL ENGINE

INTRODUCTION

A machine, which uses heat energy obtained from
combustion of fuel and converts it into mechanical energy, is
known as a Heat Engine. They are classified as External and
Internal Combustion Engine. In an External Combustion Engine,
combustion takes place outside the cylinder and the heat
generated from the combustion of the fuel is transferred to the
working fluid which is then expanded to develop the power. An
Internal Combustion Engine is one where combustion of the fuel
takes place inside the cylinder and converts heat energy into
mechanical energy. IC engines may be classified based on the
working cycle, thermodynamic cycle, speed, fuel, cooling, method

of ignition, mounting of engine cylinder and application.

DESCRIPTION OF THE APPARATUS:

a.

Hydraulic Dynamometer Loading

1) The equipment consists of a Brand new ISUZU (Ambassador)

make Carburetor Version Engine (Self started) of capacity 30kW

at the charsy and 7.5kW at the crank shaft.

2) The Engine is coupled to a Hydraulic Dynamometer for Loading

purposes. The coupling is done by an universal coupling in a

bearing house.

3) Thermocouples are provided at appropriate positions and are read

by a digital temperature indicator with channel selector.

4) Rota meters of range 15LPM & 10LPM are used for direct
measurement of water flow rate to the engine and calorimeter

respectively.
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5) The Engine Speed and the load applied at various conditions is

determined by a Digital RPM Indicator and Load cell arrangement.

6) A separate air box with orifice assembly is provided for regularizing
and measuring the flow rate of air. The pressure difference is
measured by means of a Manometer.

7) A volumetric flask with a fuel distributor is provided for

measurement and directing the fuel to the engine respectively.

EXPERIMENTATION:
AIM:

The experiment is conducted to

1. To study and understand the performance characteristics of the
engine.
2. To draw Performance curves and compare with standards.

PROCEDURE:

1. Check the lubricating oil level.
Check the fuel level.

Check and Release the load on the dynamometer if loaded.

> o Dn

Check the necessary electrical connections and switch on the panel.

o

Provide the Battery Connections.

6. Allow cooling water to engine and calorimeter and set the flow to 6 & 3
LPM respectively.

7. Open the three-way cock so that fuel flows to the engine.

8. Start the engine using the starter key.

9. Set the speed of the engine. (Do not exceed 3000rpm)

10.Now slowly load the engine using the loading wheel of the
dynamometer.
11.Set the engine speed to before rating.
12.Note the following readings.
a. Engine Speed.

b. Time taken for cc of petrol consumption
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C. Rotameter readings.
d.  Manometer readings, in ‘m’ of water &
e. Temperatures.

Repeat the experiment for other loadings.
After the completion release the load (while doing so release the accelerator)

and then switch of the engine and the panel.

1. *Allow the water to flow for few minutes and then turn it off.
*Note:
Allow water only to the calorimeter and not to the engine.

2. Remove earthing connection of the battery and the starter key.

OBSERVATIONS:

Manometer Reading Time for 10 cc of
hw = fuel collected, t
(h1~h2) sec

Sl. Speed, Load
No. rpm Applied h1 h2

Sl. T1 T2 T3 T4 T5 T6
No.
ﬁl. Engine water Calprimeter water

° flowrate, flowrate, LPM2

LPM1
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CALCULATIONS:

1. Mass of fuel consumed, ms

m; = Xcc x Specific gravity of fuel kg/sec
1000 x t

Where,
SG of Petrol is = 0.71
Xcc is the volume of fuel consumed =
10ml
t is time taken in seconds

2. Heat Input, Hi
HI = m; x Calorific Value of Fuel, kW

Where,
Calorific Value of Petrol= 43120 kd/kg

3. Output or Brake Power, BP

BP = W x N x0.80 kW
2000

Where,
W = Load carried by the dynamometer
= Load indicator Reading in kg
N = Speed of the engine, rpm

4. Specific Fuel Consumption, SFC

SFC = Mt x 3600 kg/kW — hr

BP
5. Brake Thermal Efficiency, nbth%

nbth% = 3600 x 100
SFC x CV

6. Mechanical Efficiency, nmech%
nmech% = BP

x 100

IP is calculated using the Morse test facility
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7.Calculation of head of air, Ha

Ha = hw_ pwater
pair
Where,
pwater = 1000 Kg/m

Pair= 1.2 Kg/m @ R.T.P
hy is the head in water column in ‘m’ of water

8. Volumetric efficiency, nvol%

Nvol = Qa

x 100

Qth
where,

Qa = Actual volume of air taken = Cd a \ (2gHa)
Where,

Cq = Coefficient of discharge of orifice = 0.62

a = area at the orifice, = [ (0.025)? /4
H. = head in air column, m of air.

Qth = Theoretical volume of air taken

Qn= ([14)xD*xLxN

60
Where,
D = Bore diameter of the engine = 0.084m
L = Length of the Stroke = 0.082m
N is speed of the engine in rpm.
TABULATION:
Sl. [ Input Output SFC Brake Mechanical Volumetric
Power Power Thermal Efficiency efficiency
Efficiency
3
2
3
4
5
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RESULT:

Graphs to be plotted:

SFC v/s BP
nbth v/s BP
nmech v/s BP
nvol v/s BP

~—

]
2
3
4

~— — —

PRECAUTIONS:

1. Do not run the engine if supply voltage is less than 180V
2. Do not run the engine without the supply of water.

3. Supply water free from dust to prevent blockage in rotameters, engine head

and calorimeter.

4. Note that the range for water supply provided is an approximate standard
values, however the user may select the operating range to his convenience
not less than 3 & 2 LPM for engine and calorimeter respectively.

5. Always set the accelerator knob to the minimum condition and start the engine.
6. Do not forget to give electrical earth and neutral connections correctly.

7. It is recommended to run the engine below 3000rpm otherwise the rotating

parts and bearing of dynamometer may run out.

TO DO MORSE TEST FOLLOW THE PROCEDURE BELOW:

1. Start the engine and set to one particular speed and note down the

readings and calculate the B.P of the engine for the particular load and
speed.

2. Cut - off the 1St cylinder, now the speed reduces , so set the speed to
the before value by releasing the load and subtract the previous

value to get the IP of 1St cylinder.
3. Now, repeat the step 2 for other cylinders.

37 Thermal Engineering Lab Manual



MRCET Dept. Of MECHANICAL ENGINEERING [2016-17]

OBSERVATION:

Sl. Initial Final Load after cylinder cut — off
Speed st nd rd th

No. Load | 17 Cyl |2 ™ Cyl. 3 Cyl |4 Cyl
1.
2.
3.

CALCULATION:

1. Brake Power, BP

BP = WxNx0.8 kW
2000

Where,
W = Load carried by the dynamometer
= Load indicator Reading in kg
N = Speed of the engine, rpm

Note: Calculate BP for full load as well as cut-off loads

1. Indicated Power , BP
IP=1P1 +IP2 + IP3 + IP4 kW

Where,
IP1 = BP — BP1
IP2 = BP — BP2
IP3 = BP — BP3
IP4 = BP — BP4

38 Thermal Engineering Lab Manual



MRCET Dept. Of MECHANICAL ENGINEERING [2016-17]

Experiment No. 7

Evaluation of Engine Friction by conducting
Motoring/Retardation Test on Single Cylinder 4
Stroke Diesel Engine
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Evaluation of Engine Friction by
Motoring/Retardation Test on Single
Cylinder 4 Stroke Diesel Engine

INTRODUCTION

A machine, which uses heat energy obtained from combustion of
fuel and converts it into mechanical energy, is known as a Heat Engine.
They are classified as External and Internal Combustion Engine. In an
External Combustion Engine, combustion takes place outside the
cylinder and the heat generated from the combustion of the fuel is
transferred to the working fluid which is then expanded to develop the
power. An Internal Combustion Engine is one where combustion of the
fuel takes place inside the cylinder and converts heat energy into
mechanical energy. IC engines may be classified based on the working
cycle, thermodynamic cycle, speed, fuel, cooling, method of ignition,

mounting of engine cylinder and application.

Diesel Engine is an internal combustion engine, which uses heavy
oil or diesel oil as a fuel and operates on two or four stroke. In a 4-stroke
Diesel engine, the working cycle takes place in two revolutions of the
crankshaft or 4 strokes of the piston. In this engine, pure air is sucked to
the engine and the fuel is injected with the combustion taking place at
the end of the compression stroke. The power developed and the
performance of the engine depends on the condition of operation. So it is
necessary to test an engine for different conditions based on the

requirement.

DESCRIPTION OF THE APPARATUS:

The test rig is built for loading mentioned below:
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a. Mechanical Loading (Water cooled)

1. The equipment consists of KIRLOSKAR Diesel Engine (Crank started) of
5hp (3.7kW) capacity and is Water cooled. The Engine is coupled to a
Rope Brake Drum Dynamometer for loading purposes. Coupling is done
by an extension shaft in a separate bearing house. The dynamometer is
connected to the spring load assembly for varying the load.

2. Thermocouples are provided at appropriate positions and are read by a
digital temperature indicator with channel selector to select the position.

3. Rota meters of range 15LPM & 10LPM are used for direct measurement
of water flow rate to the engine and calorimeter respectively.

4. Engine Speed and the load applied at various conditions is determined by
a Digital RPM Indicator and spring balance reading.

5. A separate air box with orifice assembly is provided for regularizing and
measuring the flow rate of air. The pressure difference at the orifice is
measured by means of Manometer.

6. A volumetric flask with a fuel distributor is provided for measurement and

directing the fuel to the engine respectively.

EXPERIMENTATION:
AIM:

The experiment is conducted to evaluate engine friction by conducting
Motoring/retardation test on single cylinder 4- stroke diesel engine.

PROCEDURE:

1. Give the necessary electrical connections to the panel.

2 Check the lubricating oil level in the engine.

3. Check the fuel level in the tank.

4 Allow the water to flow to the engine and the calorimeter and

adjust the flow rate to 6lpm & 3lpm respectively.

o

Release the load if any on the dynamometer.
6. Open the three-way cock so that fuel flows to the engine.

7. Start the engine by cranking.
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8. Allow to attain the steady state.

9. Load the engine by slowly tightening the yoke rod handle of the
Rope brake drum.

10.  Note the following readings for particular condition,

a. Engine Speed

b. Time taken for ___ cc of diesel consumption
C. Rotameter reading.

d. Manometer readings, in cms of water &

e. Temperatures at different locations.

11.  Repeat the experiment for different loads and note down the
above readings.
12.  After the completion release the load and then switch of the

engine.

13. Allow the water to flow for few minutes and then turn it off.

Motoring Test

14.  In the motoring test, the engine is first run up to the desired
speed by its own power and allowed to remain at the given
speed and load conditions for some time so that oil, water, and
engine component temperatures reach stable conditions.

15.  The power of the engine during this period is absorbed by a
swinging field type electric dynamometer, which is most suitable
for this test.

16.  The fuel supply is then cut-off and by suitable electric-switching
devices the dynamometer is converted to run as a motor to drive
for ‘motor’ the engine at the same speed at which it was
previously running.

17.  The power supply to the motor is measured which is a measure
of the fhp of the engine. During the motoring test the water
supply is also cut-off so that the actual operating temperatures

are maintained.
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OBSERVATIONS:

Sl. Speed, Load Applied Manometer Time for

No. |rpm Reading 10cc of
F1 |F2 F= h1 |h2 [hw= fuel

(F1~F2) (h1+h2) collected, t
sec

Sl. T1 T2 T3 T4 T5 T6

No.

Sl. Engine water Calorimeter water

No. |flowrate, flowrate, LPM2

LPM1
CALCULATIONS:

1. Mass of fuel consumed, ms

m:i = Xcc x Specific gravity of the fuel , kg/sec

Where,

1000 x t

SG of Diesel is = 0.827

Xcc is the volume of fuel consumed = 10ml

t is time taken in seconds

a3
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2. Heat Input, Hi

HI = ms x Calorific Value of Fuel, kW

Where,
Calorific Value of Diesel = 44631.96 KJ/Kg

3. Output or Brake Power, BP

Engine output BP = 21 NT kW
60000

Where,
N is speed in rpm
T=Fxrx9.81 N-m
r=0.15m

4. Specific Fuel Consumption, SFC

SFC = m;x 3600 kg/kW — hr
BP

5. Brake Thermal Efficiency, nbth%

Noth= 3600 x 100
SFC x CV

6. Mechanical Efficiency, nmech%

Nmech = BP
x 100

Determine the IP = Indicated Power, using WILLAN'’S LINE method and the
procedure is as below:

» Draw the Graph of Fuel consumption Vs Brake power
+ Extend the line obtained till it cuts the Brake power axis

+ The point where it cuts the brake power axis till the zero point will give
the Power losses (Friction Power loss)

+ With this the IP can be found using the relation:
IP=BP + FP

7. Calculation of head of air, Ha
Ha = hw pwater
pair

Where,
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pwater = 1000 Kg/m

pair=1.2 Kg/m @ R.T.P
hw is the head in water column in ‘m’ of water

8. Volumetric efficiency, nvol%

nvol % = Qa  x 100
Qth
where,

Qa = Actual volume of air taken = Cd a \ (2gHa)
Cd = Coefficient of discharge of orifice = 0.62
a = area at the orifice, = ([](0.02)? /4)

Ha = head in air column, m of air.

Qth = Theoretical volume of air taken

Qih = ([1/4) x D> x L x N
60

Where,
D = Bore diameter of the engine = 0.08m
L = Length of the Stroke = 0.110m
N is speed of the engine in rpm.
TABULATION:
Sl. | Input Output |SFC Brake Mechanical Volumetric
Power Power Thermal Efficiency efficiency
Efficiency
]
2
3
4
5
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RESULT:

Graphs to be plotted:

o

SFC v/s BP
Noth V/S BP
Nmech V/S BP
Nvol V/S BP

PRECAUTIONS:

1. Do not run the engine if supply voltage is less than 180V
2. Do not run the engine without the supply of water.

3. Supply water free from dust to prevent blockage in rotameters, engine head and
calorimeter.

4. Note that the range for water supply provided is an approximate standard
values, however the user may select the operating range to his convenience
not less than 3 & 2 LPM for engine and calorimeter respectively.

5. Do not forget to give electrical earth and neutral connections correctly.

6. It is recommended to run the engine at 1500rpm otherwise the rotating
parts and bearing of engine may run out.

TO DO RETARDATION TEST FOLLOW THE PROCEDURE

BELOW:

1.

7.

Start the engine as given in the main procedure and allow it
to attain steady state.

From the RPM controller set the speed (say 1000rpm) and cut - off the
fuel flow to the engine by the valve provided near the fuel filter.

Immediately trigger the timer and note the time when its stops,
means at the set speed.

Also, open the fuel flow when the timer stops.

Now, repeat steps 1 to 4 for different speeds (say 900,800.. upto

~400rpm).

Next, Load the engine at 25% of the full load and repeat the steps 1
to 5.

Repeat the step 1 to 6 for different percentages of loading (say
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50% & 75%)

8. Draw the graph of SPEED vs TIME OF SPEED DROP for
different loading conditions.

9. From the graph note the time for given speed difference (Say 100,
200 or any rpm) for no load and load condition and do the calculations

as mentioned below.

CALCULATIONS:

1. Frictional Torque, Tf

F!.i
rE
[4F]

h-‘.‘
Fﬁa
L]
-
i
i

e,
L=
ki

p T

I=d

Where,

T = Torque at the given load, Nm.
T¢ = Frictional Torque, Nm.

t3 = time for reduction of speed at given load. t2 =

time for reduction of speed at no load.

2. Friction Power, FP

FP=2nNT
60,000
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Experiment No. 8

Heat Balance Test on

Single Cylinder 4 Stroke Diesel Engine
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Heat Balance Test on

Single Cylinder 4 Stroke Diesel Engine

INTRODUCTION

A machine, which uses heat energy obtained from combustion of fuel and
converts it into mechanical energy, is known as a Heat Engine. They are
classified as External and Internal Combustion Engine. In an External
Combustion Engine, combustion takes place outside the cylinder and the heat
generated from the combustion of the fuel is transferred to the working fluid
which is then expanded to develop the power. An Internal Combustion Engine is
one where combustion of the fuel takes place inside the cylinder and converts
heat energy into mechanical energy. IC engines may be classified based on the
working cycle, thermodynamic cycle, speed, fuel, cooling, method of ignition,

mounting of engine cylinder and application.

Diesel Engine is an internal combustion engine, which uses heavy oil or
diesel oil as a fuel and operates on two or four stroke. In a 4-stroke Diesel
engine, the working cycle takes place in two revolutions of the crankshaft or 4
strokes of the piston. In this engine, pure air is sucked to the engine and the fuel
is injected with the combustion taking place at the end of the compression stroke.
The power developed and the performance of the engine depends on the
condition of operation. So it is necessary to test an engine for different conditions

based on the requirement.

DESCRIPTION OF THE APPARATUS:

The test rig is built for loading mentioned below:

a. Mechanical Loading (Water cooled)

1. The equipment consists of KIRLOSKAR Diesel Engine (Crank started) of 5hp
(3.7kW) capacity and is Water cooled. The Engine is coupled to a Rope Brake
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Drum Dynamometer for loading purposes. Coupling is done by an extension shaft
in a separate bearing house. The dynamometer is connected to the spring load

assembly for varying the load.

2. Thermocouples are provided at appropriate positions and are read by a digital
temperature indicator with channel selector to select the position.
3. Rota meters of range 15LPM & 10LPM are used for direct measurement of water
flow rate to the engine and calorimeter respectively.
4. Engine Speed and the load applied at various conditions is determined by a Digital
RPM Indicator and spring balance reading.
5. A separate air box with orifice assembly is provided for regularizing and measuring
the flow rate of air.
6. The pressure difference at the orifice is measured by means of Manometer.
7. A volumetric flask with a fuel distributor is provided for measurement and directing
the fuel to the engine respectively.
EXPERIMENTATION:
AIM:
The experiment is conducted to check the heat balance of I.C. Engine
PROCEDURE:
1. Give the necessary electrical connections to the panel.
2. Check the lubricating oil level in the engine.
3. Check the fuel level in the tank.
4. Allow the water to flow to the engine and the calorimeter and adjust

the flowrate to 6lpm & 3lpm respectively.

Release the load if any on the dynamometer.

Open the three-way cock so that fuel flows to the engine.
Start the engine by cranking.

Allow to attain the steady state.

© 0o N o O

Load the engine by slowly tightening the yoke rod handle of the Rope
brake drum.

10.  Note the following readings for particular condition,
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a. Engine Speed
b. Time taken for cc of diesel consumption
c. Rotameter reading.
d. Manometer readings, in cms of water &
e. Temperatures at different locations.
11.  Repeat the experiment for different loads and note down the above
readings.
12.  After the completion release the load and then switch of the engine.
13.  Allow the water to flow for few minutes and then turn it off.
OBSERVATIONS:
Sl. Speed, Load Applied Manometer Time for
No. |rpm Reading 10cc of
F1 |F2 F= h1 [h2 |hw= fuel
(F1~F2) (h1+h2) collected, t
sec
Sl. T T2 |T3 T4 |T5 |[T6
No.
ﬁl. Engine water Calorimeter water
% | flowrate, flowrate, LPM2
LPM1
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CALCULATIONS:

1. Mass of fuel consumed, ms

= Xcc x Specific gravity of the fuel kg/sec 1000
Xt

Where,
SG of Diesel is = 0.827

Xcc is the volume of fuel consumed = 10ml
t is time taken in seconds
2. Heat Input, HI

HI = mf x Calorific Value of Fuel , kW

Where,
Calorific Value of Diesel = 44631.96 KJ/Kg

3. Output or Brake Power, BP

Engine output BP = 2[T NT kW
60000

Where,
N is speed in rpm

T=Fxrx9.81 N-m
r=0.15m

4. Specific Fuel Consumption, SFC
SFC = mf x 3600 kg/kW — hr
BP

5. Brake Thermal Efficiency, nbth%

Noth = 3600 x 100
SFC x CV

6. Mechanical Efficiency, nmech%
Nmech = BP

x 100

Determine the IP = Indicated Power, using WILLAN'’S LINE method and the
procedure is as below:

+ Draw the Graph of Fuel consumption Vs Brake power
Extend the line obtained till it cuts the Brake power axis

o Theg)omt where it cuts the brake power axis till the zero point will give
the Power losses (Friction Power loss)

e With this the IP can be found using the relation:
IP=BP + FP
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Fuel
Consumption

WILLAN'S
LINE

power Brake Power
loss

7. Calculation of head of air, Ha

Ha = hw Dwater
pair

Where,

Pwater = 1000 Kg/m?®
Par=1.2 Kg/m* @ R.T.P

hy is the head in water column in ‘m’ of water

8.Volumetric efficiency, nvol%
nvol % = Qa

x 100
Qth

where,

Qa = Actual volume of air taken = Cd a \ (2gHa)
Cd = Coefficient of discharge of orifice = 0.62

a = area at the orifice, = ([7(0.02)? /4)
Ha = head in air column, m of air.

Qth = Theoretical volume of air taken

Qth = ([1/4) x D® x L x N
60
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Where,
D = Bore diameter of the engine = 0.08m
L = Length of the Stroke = 0.110m
N = speed of the engine in rpm.
TABULATION:
Sl [Input Output SFC Brake Mechanical Volumetric
Power Power Thermal Efficiency efficiency
Efficiency
3
2
3
4
5

Heat Balance Sheet Calculations IN SECONDS basis:

1. Heat Input --- A
A = ms x Calorific Value kW
2. Heat to BP --- B
BP= _2MNT kW
60000
3. Heat to cooling water --- C

C =mwe x Cpw x (Tei — Teo) kW

Where

mwe = cooling water flow rate to the engine from
rotameter
= LPM1/60 kg/sec
Cpw = Specific Heat of water = 4.18 kd/kg
4. Heat to exhaust gases --- D
D = mwce X Cpw X (Tci — Tco) X [(Tgci — Ta)/ (Tgco — Tgci)] kW
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Where

mwc = water flow rate in kg/sec
= LPM2/60 kg/sec

Cpw = Specific Heat of water
Ta = Engine surrounding temperature.
Tgci = Gas inlet temp to calorimeter
Tgco = Gas outlet temp from calorimeter
Tci = Water Inlet temp to calorimeter

Tco = Water outlet temp from calorimeter

5. Heat Unaccounted
E=A-(B+C+D) kW

HEAT BALANCE SHEET:

Sl. Particulars Heat %
No. Content kW
1 | Heat Input -- A 100
2 |HeattoBP --B B/A =
3 | Heat to Cooling Water -- C C/A =
4 |Heat to Exhaust Gases -- D D/A =
5 |Heat Unaccounted -- E E/A =
RESULT:
Heat balance test is conducted on IC Engine
PRECAUTIONS:

1. Do not run the engine if supply voltage is less than 180V

2. Do not run the engine without the supply of water.

3. Supply water free from dust to prevent blockage in rotameters, engine head and

calorimeter.

4. Note that the range for water supply provided is an approximate standard

values, however the user may select the operating range to his convenience

not less than 3 & 2 LPM for engine and calorimeter respectively.

5. Do not forget to give electrical earth and neutral connections correctly.

6. Itis recommended to run the engine at 1500rpm otherwise the rotating parts

and bearing of engine may run out.
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Experiment No. 9

Determination of Air/Fuel Ratio and Volumetric
Efficiency on 4-Stroke Diesel Engine
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Determination of Air/Fuel Ratio and Volumetric

Efficiency on 4-Stroke Diesel Engine

AIM: To determine A/F Ratio and Volumetric Efficiency on the four stroke twin
cylinder diesel engine

DESCRIPTION: The A.C. generator is fixed to the Engine shaft and is mounted on a
M.S. Channel Frame. Panel board is used to fix burette with 3-way cock, digital RPM
indicator and “U” tube manometer

INSTRUMENTATION:
1. Thermocouples are provided at appropriate positions and are read by a digital
temperature indicator with channel selector to select the position.

2.

Rota meters of range 15LPM & 10LPM are used for direct measurement of

water flow rate to the engine and calorimeter respectively.
Engine Speed and the load applied at various conditions is determined by a

Digital RPM Indicator and spring balance reading.

A separate air box with orifice assembly is provided for regularizing and
measuring the flow rate of air. The pressure difference at the orifice is
measured by means of a Manometer.

A volumetric flask with a fuel distributor is provided for measurement and

directing the fuel to the engine respectively.

PROCEDURE:

7.

. Do not run the engine if supply voltage is less than 180V

Do not run the engine without the supply of water.

Supply water free from dust to prevent blockage in rotameters, engine head and

calorimeter.

Note that the range for water supply provided is an approximate standard
values, however the user may select the operating range to his convenience
not less than 3 & 2 LPM for engine and calorimeter respectively.

Do not forget to give electrical earth and neutral connections correctly.

Frequently, at least once in three months, grease all visual moving parts.

At least once in week, operate the unit for five minutes to prevent any clogging
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8.

of moving parts.

It is recommended to run the engine at 1500rpm otherwise the rotating

parts and bearing of engine may run out.
FUEL MEASUREMENT

The fuel supplied from the main fuel tank through a measuring burette with 3 way
manifold system. To measure the fuel consumption of the engine fill the burette by
opening the cock measure the time taken to consume X cc of fuel.

AIR INTAKE MEASUREMENT:

The suction side of the engine is connected to an Air tank. The atmospheric air is drawn
into the engine cylinder through the air tank. The manometer is provided to measure the
pressure drop across an orifice provided in the intake pipe of the Air tank. This pressure
drop is used to calculate the volume of air drawn into the cylinder. (Orifice diameter is

20 mm)

OBSERVATIONS:

Sl. Speed, |Load Applied Manometer Time for

No. |[rpm Reading 10cc of

F1 |F2 F= hi |[h2 [hw= ::ﬁllectedt

F1~F2 ’
( ) (h1+h2) cec

Sl. T1 T2 T3 T4 T5 T6

No.

Sl. Engine water Calorimeter water

No. | flowrate, flowrate, LPM2

LPMA1
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CALCULATIONS:

Mass of fuel consumed, mi

mf = Xcc x Specific gravity of the fuel kg/sec
1000 x t

Where,
SG of Diesel is = 0.827
Xcc is the volume of fuel consumed = 10ml
t is time taken in seconds

Heat Input, Hi

HI = mf x Calorific Value of Fuel, kW
Where,

Calorific Value of Diesel = 44631.96 KJ/Kg
Output or Brake Power, BP

Engine output BP = 21 NT kW
60000

Where,
N is speed in rpm
T=Fxrx9.81 N-m
r=0.15m

Specific Fuel Consumption, SFC
SFC = mf x 3600 kg/kW — hr
BP

Brake Thermal Efficiency, nbth%

nbth% = 3600 x 100
SFC x CV

Mechanical Efficiency, nmech%
nmech% = BP

x 100

IP
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Determine the IP = Indicated Power, using WILLAN’S LINE method and
the procedure is as below:
» Draw the Graph of Fuel consumption Vs Brake power
+ Extend the line obtained till it cuts the Brake power axis

» The point where it cuts the brake power axis till the zero point will give
the Power losses (Friction Power loss)
+ With this the IP can be found using the relation:

IP=BP + FP
Fuel
Consumption
WILLAMN'S
LIME
)
-~
£
power Brake Power

loss

Calculation of head of air, Ha

Ha = hw_pwater
pair

Where,
pwater = 1000 Kg/m

pair=1.2 Kg/m @ R.T.P
hw is the head in water column in ‘m’ of water

Volumetric efficiency, nvol%
nvol % = Qa

x 100

Qth
where,
Qa = Actual volume of air taken = Cd a  (2gHa)

Where,

Cd = Coefficient of discharge of orifice = 0.62 a =

area at the orifice, = ([1(0.02) /4)
Ha = head in air column, m of air.

Qth = Theoretical volume of air taken

Qth = ([1/4) x D ?x L x N
60
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Where,
D = Bore diameter of the engine = 0.08m
L = Length of the Stroke = 0.110m
N is speed of the engine in rpm.
Air Fuel Ratio:
Mo/ Ms =
TABULATION:
Sl. | Input Output SFC Brake Mechanical Volumetric
Power Power Thermal Efficiency efficiency
Efficiency
7
2
3
4
PRECAUTIONS:
1. Do not run the engine if supply voltage is less than 180V
2. Do not run the engine without the supply of water.
3. Supply water free from dust to prevent blockage in rotameters, engine head and
calorimeter.
4. Note that the range for water supply provided is an approximate standard
values, however the user may select the operating range to his convenience
not less than 3 & 2 LPM for engine and calorimeter respectively.
5. Do not forget to give electrical earth and neutral connections correctly.
6. Frequently, at least once in three months, grease all visual moving parts.
7. At least once in week, operate the unit for five minutes to prevent any clogging
of moving parts.
8. It is recommended to run the engine at 1500rpm otherwise the rotating

parts and bearing of engine may run out.
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Experiment No. 10

Dis-assembly/Assembly of I.C. Engine
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Dis-assembly/Assembly of |.C. Engine

AIM:
Dismantling and reassembling of a 4 stroke petrol engine.

Apparatus:
Spanner set, Work bench, screw driver, spark plug spanner, spark plug cleaner, tray,
kerosene oil, cotton waste, hammer, oil can etc.

Theory:

In 1878, a British engineer introduced a cycle which could be completed in two
strokes of piston rather than four strokes as is the case with the four-stroke cycle
engines. In this engine suction and exhaust strokes are eliminated. Here instead of
valves, ports are used. The exhaust gases are driven out from engine cylinder by the
fresh charge of fuel entering the cylinder nearly at the end of the working stroke. A
two-stroke petrol engine is generally used in scooters, motor cycles etc. The cylinder
L is connected to a closed crank chamber C.C. During the upward stroke of the
piston M, the gases in L are compressed and at the same time fresh air and fuel
(petrol) mixture enters the crank chamber through the valve.

Different Parts of I.C. Engine

Cylinder, Cylinder head, Piston, Piston rings, Gudgeon pin, Connecting rod,
Crankshaft, Crank, Engine bearing, Crank case, Flywheel etc.

Parts of a 4- Stroke Petrol Engine
Cylinder Head

Also referred to as the top end, the cylinder head houses the pistons, valves, rocker
arms and camshafts.

Valves

A pair of valves, used for controlling fuel intake and exhaust, is controlled by a set of
fingers on the camshaft called lobes. As the intake valve opens, a mixture of fuel and
air from the carburetor is pulled into the cylinder. The exhaust valve expels the spent
air/fuel mixture after combustion.

Camshaft

Usually chain or gear-driven, the camshaft spins, using its lobes to actuate the rocker
arms. These open the intake and exhaust valves at preset intervals.

The Piston

The piston travels up and down within the cylinder and compresses the air/fuel mixture
to be ignited by a spark plug. The combustive force propels the piston downward. The
piston is attached to a connecting rod by a wrist pin.

Piston rings:

These are circular rings which seal the gaps made between the piston and the
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cylinder, their object being to prevent gas escaping and to control the amount of
lubricant which is allowed to reach the top of the cylinder.

Gudgeon-pin:
This pin transfers the thrust from the piston to the connecting-rod small-end while
permitting the rod to rock to and fro as the crankshaft rotates.

Connecting rod:

This acts as both a strut and a tie link-rod. It transmits the linear pressure impulses
acting on the piston to the crankshaft big-end journal, where they are converted into
turning-effort.
Crankshaft
The crankshaft is made up of a left and right flywheel connected to the piston's
connecting rod by a crank pin, which rotates to create the piston's up-and-down motion.
The cam chain sprocket is mounted on the crankshaft, which controls the chain that
drives the camshaft.
Carburetor
The carburetor is the control for the engine. It feeds the engine with a mixture of air and
petrol in a controlled volume that determines the speed, acceleration and deceleration
of the engine. The carburetor is controlled by a slide connected to the throttle cable
from the handlebar twist grip which adjusts the volume of air drawn into the engine.
Procedure:

1) Dismantle the following system

a) Fuel supply system

b) Electrical system

2)  Remove the spark plug from the cylinder head.

3) Remove the cylinder head nut and bolts.

4)  Separate the cylinder head from the engine block.
5) Remove the carburetor from the engine.

6)  Open the crank case.

7) Remove piston rings from the piston.

8)  Clean the combustion chamber.

9) Reassemble the components vice versa.

Precautions:
* Don’t use loose handle of hammer.
* Care must be taken while removing the components.

Result:
A 4 — stroke petrol engine has been dismantled and reassembled.
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Experiment No. 11

PERFORMANCE TEST ON
RECIPROCATING AIR COMPRESSOR
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PERFORMANCE TEST ON
RECIPROCATING AIR COMPRESSOR

INTRODUCTION

A COMPRESSOR is a device, which sucks in air at atmospheric pressure &
increases its pressure by compressing it. If the air is compressed in a single cylinder it is
called as a Single Stage Compressor. If the air is compressed in two or more cylinders it
is called as a Multi Stage Compressor.

In a Two Stage Compressor the air is sucked from atmosphere & compressed in
the first cylinder called the low-pressure cylinder. The compressed air then passes
through an inter cooler where its temperature is reduced. The air is then passed into the
second cylinder where it is further compressed. The air further goes to the air reservoir

where it is stored.

DESCRIPTION OF THE APPARATUS:

1. Consists of Two Stage Reciprocating air compressor of 3hp capacity. The
compressor is fitted with similar capacity Motor as a driver and 160It capacity
reservoir tank.

2. Air tank with orifice plate assembly is provided to measure the volume of air
taken and is done using the Manometer provided.

3. Compressed air is stored in an air reservoir, which is provided with a pressure
gauge and automatic cut-off. ’

4. Necessary Pressure and Temperature tappings are made on the compressor
for making different measurements

5. Temperature is read using the Digital temperature indicator and speed by
Digital RPM indicator.
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EXPERIMENTATION:

AIM:

The experiment is conducted at various pressures to
1. Determine the Volumetric efficiency.

2. Determine the Isothermal efficiency.

PROCEDURE:

1. Check the necessary electrical connections and also for the
direction of the motor.

2. Check the lubricating oil level in the compressor.
3. Start the compressor by switching on the motor.

4. The slow increase of the pressure inside the air reservoir in observed.

5. Maintain the required pressure by slowly operating the discharge valve
(open/close). (Note there may be slight variations in the pressure readings since
it is a dynamic process and the reservoir will be filled continuously till the cut-off.)

6. Now note down the following readings in the respective units,

Speed of the compressor.

Manometer readings.
| I

Delivery pressure.
Temperatures.

Energy meter reading.
6. Repeat the experiment for different delivery pressures.
7. Once the set of readings are taken switch of the compressor.
8. The air stored in the tank is discharged. Be careful while doing so, because the
compressed air passing through the small area also acts as a air jet which may

damage you or your surroundings.

9. Repeat the above two steps after every experiment.
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OBSERVATIONS:
Time for ‘n’ Manometer
Compressor Delivery revolutions meter reading in
Sl. e
Speed, N Pressure, of energy m
No. rpm ‘P’ kg/cm2 meter, ‘T’
P ’ h1 h2 Hw
sec
3
2
3
4
5
CALCULATIONS:

1. Air head causing flow, ha

ha - hw Qwater m Of air
Pair
Where,
| |
hy is Water column reading in m of water,
Pwater IS density of the water = 1000 kg/m?®

Pair is the density of the air = 1.293 kg/m?®

2. Actual vol. of air compressed at RTP, Qa

Qa=Cdav(2gha) m¥%s
Where,

ha is air head causing the flow in m of air.
Cd = co efficient of discharge of orifice = 0.62
a = Area of orifice = ([1d)?/ 4

d = diameter of orifice = 0.02m

3. Theoritical volume of air compressed Qth,

Qth= ([1/4)xD?>xLxN m®s
60

Where,
D is the diameter of the LP cylinder = 0.07m.
L is Stroke Length = 0.085m
N is speed of the compressor in rpm
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4. Input Power, IP

Input Power = 3600 x n X Ny, kKW
KxT

Where, ’| ’l
n = No. of revolutions of energy meter (Say 5)
K = Energy meter constant ____ revs/kW-hr

T =time for 5 rev. of energy meter in seconds
Nm = efficiency of belt transmission = 75%

5. Isothermal Work done, WD
WD =paxQalnr kW

Where,
pair = is the density of the air = 1.293 kg/™

Qa = Actual volume of air compressed.
r = Compression ratio

r = Delivery gauge pressure + Atmospheric pressure
Atmospheric pressure

Where Atmospheric pressure = 101.325 kPa
NOTE: To convert delivery pressure from kg/cm[ to kPa

multiply by 98.1

6. Volumetric efficiency, nvol

nvol = Qa/Qth x 100

7. Isothermal efficiency, Niso

Niso = lsothermal work done x 100
P
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TABULATIONS:
Sl | Head Act. Vol. Theo. Vol. Isother |Iso Volumetric
. of air of air of air mal
N | ha,m compres | compresse work Thermal | Efficiency,
0 sed d done
Qa mZ/s Qth, mZ/s kW Efficiency | nvol, %
niso, %
1
2
3
4
5
6
PRECAUTIONS:

1. Do not run the blower if supply voltage is less than 380V

2. Check the direction of the motor, if the motor runs in opposite direction
change the phase line of the motor to run in appropriate direction.
3. Do not forget to give electrical earth and neutral connections

correctly.

RESULT:

Volumetric efficiency, nyo = ---------

Isothermal efficiency, niso = -----------

GRAPHS TO BE PLOTTED:

1. Delivery Pressure vs. nvol
2. Delivery Pressure vs. niso
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Experiment No. 12

STUDY OF BOILERS
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STUDY OF BABCOCK-WILCOX BOILER

Aim: To study Babcock-Wilcox boiler.

Theory: Evaporating the water at appropriate temperatures and pressures in boilers
does the generation of steam. A boiler is defined as a set of units, combined together
consisting of an apparatus for producing and recovering heat by igniting certain fuel,
together with arrangement for transferring heat so as to make it available to water,
which could be heated and vaporized to steam form. One of the important types of
boilers is Babcock-Wilcox boiler.
Observation: In thermal powerhouses, Babcock Wilcox boilers do generation of steam
in large quantities.
The boiler consists essentially of three parts.

1. A number of inclined water tubes: They extend all over the furnace. Water
circulates through them and is heated.
2. A horizontal stream and water drum: Here steam separate from the water
which is kept circulating through the tubes and drum.
3. Combustion chambers: The whole of space where water tubes are laid is divided
into three separate chambers, connected to each other so that hot gases pass from one
to the other and give out heat in each chamber gradually. Thus the first chamber is the
hottest and the last one is at the lowest temperature. All of these constituents have
been shown as in fig.

The Water tubes 76.2 to 109 mm in diameter are connected with each other
and with the drum by vertical passages at each end called
headers. Tubes are inclined in such a way that they slope down towards the back. The
rear header is called the down-take header and the front header is called the uptake

header has been represented in the fig as DC and VH respectively.

Whole of the assembly of tubes is hung along with the drum in a room made of masonry
work, lined with fire bricks. This room is divided into three compartments A, B, and C
as shown in fig, so that first of all, the hot gases rise in A and go down in B, again rises
up in C, and then the led to the chimney through the smoke chamber C. A mud

collector M is attached to the rear and lowest point of the boiler into which the sediment
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i.e. suspended impurities of water are collected due to gravity, during its passage

through the down take header.

Below the front uptake header is situated the grate of the furnace, either
automatically or manually fired depending upon the size of the boiler. The direction of
hot gases is maintained upwards by the baffles.

In the steam and water drum the steam is separated from the water and the
remaining water travels to the back end of the drum and descends through the down
take header where it is subjected to the action of fire of which the temperature goes on
increasing towards the uptake header. Then it enters the drum where the separation
occurs and similar process continuous further.

For the purpose of super heating the stream addition sets of tubes of U-shape
fixed horizontally, are fitted in the chamber between the water tubes and the drum. The
steam passes from the steam face of the drum downwards into the super heater
entering at its upper part, and spreads towards the bottom .Finally the steam enters the
water box , at the bottom in a super heated condition from where it is taken out through
the outlet pipes.

The boiler is fitted with the usual mountings like main stop valve, safety valve, and
feed valve, and pressure gauge. ’

Main stop valve is used to regulate flow of steam from the boiler, to steam
pipe or from one steam one steam pipe to other.

The function of safety valve is used to safe guard the boiler from the hazard of
pressures higher than the design value. They automatically discharge steam from the
boiler if inside pressure exceeds design-specified limit.

Feed check valve is used to control the supply of water to the boiler and to

prevent the escaping of water from boiler due to high pressure inside.

Pressure gauge is an instrument, which record the inside pressure of the
boiler.
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When steam is raised from a cold boiler, an arrangement is provided for
flooding the super heater. By this arrangement the super heater is filled with the water
up to the level. Any steam is formed while the super heater is flooded is delivered to the
drum ultimately when it is raised to the working pressure. Now the waterr is drained off
from the super heater through the cock provided for this purpose, and then steam is let

in for super heating purposes.

Result: The Babcock — Wilcox boiler is studied.
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BABCOCK-WILCOX BOILER

STUDY OF LANCASHIRE BOILER

AIM: To study Lancashire boiler.

Theory: Evaporating the water at appropriate temperatures and pressures in boilers
does the generation of system. A boiler is defined as a set of units, combined together
consisting of an apparatus for producing and recovering heat by igniting certain fuel,
together with arrangement for transferring heat so as to make it available to water,
which could be heated and vaporized to steam form. One of the important types of
boilers is Lancashire boiler.

Observation: Lancashire boiler has two large diameter tubes called flues, through
which the hot gases pass. The water filled in the main shell is heated from within around
the flues and also from bottom and sides of the shell, with the help of other masonry

ducts constructed in the boiler as described below.

The main boiler shell is of about 1.85 to 2.75 m in diameter and about 8 m
long. Two large tubes of 75 to 105 cm diameter pass from end to end through this shell.
These are called flues. Each flue is proved with a fire door and a grate on the front
end. The shell is placed in a placed in a masonry structure which forms the external
flues through which, also, hot gases pass and thus the boiler shell also forms a part of
the heating surface. The whole arrangement of the brickwork and placing of boiler shell
and flues is as shown in fig.

SS is the boiler shell enclosing the main flue tubes. SF are the side flues
running along the length of the shell and BF is the bottom flue. Side and bottom flues
are the ducts, which are provided in masonry itself.

The draught in this boiler is produced by chimney. The hot gases starting from
the grate travel all along the flues tubes; and thus transmits heat through the surface of
the flues. On reaching at the back end of the boiler they go down through a passage,
they heat water through the lower portion of the main water shell. On reaching again at
front end they bifurcate to the side flues and travel in the forward direction till finally they

reach in the smoke chamber from where they pass onto chimney.
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During passage through the side flues also they provide heat to the water
through a part of the main shell. Thus it will be seen that sufficient amount of area is

provided as heating surface by the flue tubes and by a large portion of the shell

Operating the dampers L placed at the exit of the flues may regulate the
flow of the gases. Suitable firebricks line the flues. The boiler is equipped with suitable

firebricks line the flues. The boiler is equipped with suitable mountings and accessories.

There is a special advantage possessed by such types of boilers. The
products of combustion are carried through the bottom flues only after they have passed
through the main flue tubes, hence the hottest portion does not lie in the bottom of the
boiler, where the sediment contained in water as impurities is likely to fall. Therefore
there are less chances of unduly heating the plates at the bottom due to these

sediments.

Result: The Lancashire boiler is studied.

Lancashire Boiler cross section views

Duwaed Wi h
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PART-I
MACHINETOOLS LAB

INDEX

1. NOMENCLATURE OF SINGLE POINT CUTTING TOOL

2. LATHE OPERATIONS

3. DRILLING AND TAPPING OPERATIONS

4. SHAPING OPERATIONS

5. SLOTTING OPERATIONS

6. MILLING OPERATIONS

7. GRINDING OPERATIONS

8. PLANNING OPERATIONS
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EXPERIMENTS LIST

1. INTRODUCTION OF GENERAL PURPOSE OF MACHINES

Lathe machine,
Shaper machine,
Slotting machine,
Planning machine,
Drilling machine,
Boring machine,
Milling machine,
Grinding machine
Lapping machine
Honing machine
Broaching machine

2. LATHE OPERATIONS

Facing
Chamfering
Step turning
Taper turning
Plain turning
Knurling
Grooving
Thread cutting

3. DRILLING OPERATIONS -Drilling, Tapping

4. SHAPING AND PLANNING OPERATIONS -Angle cutting, V groove cutting
5.SLOTTING OPERATIONS-Slots(Internal and external)

6. MILLING OPERATIONS —plain milling, Step milling ,Slot milling& Gear Cutting

7. GRINDING OPERATIONS

Surface grinding (Plain surface)
Tool and Cutter (V Tool and sidetool)
Cylindrical Grinding(Step Grinding)
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SAFETY PRECAUTIONS:
1. Attention to be paid for clamping the job, tool, tool holders or supporting items.

2. Care should be taken for avoiding accidental contact with revolving cutters.

3. Break the sharp edges in jobs

4. Do not handle chips with bare hands, use brush or hand gloves.

5. Pay attention while selecting tools or blades for the proposed use to avoid
accidents.

6. Do not remove chip while machine is running.

7. Ensure proper bucking of m/c slides or pay attention or alertness.

8. Care should be taken while selecting rapid or feed .

9. Follow safety precautions while approach with cutter to avoid tool damage.

10. Use coolants for heat dissipation.

11. Use goggles for sparks, spatters, avoid the watch clearly with bare eyes.

12. Avoid sharp edge tools.

13. Ensure clamping on surface grinding m/c before take a cut.

14. Select proper speed or feed or depth of cut.

15. Aim for easy chip disposal system.

PROBABLE ACCIDENTS:

1. Before switching on any machine tool, work piece, tool or tool holder or any
supporting assembly like tailstock in lathe to be clamped properly.
The chief hazard associated is accidental contact with moving cutter

Hazard of sharp edge contact with chips while machining.
Selection of no. of teeth or blade size on primer hacksaw machine.

Ramming of chips when machine in motion viz. shaping or slotting.

Locking of tables and ensure the feed.
Switch on the connection selection of lever (rapid/feed).
Approach the tool to the work piece while machining at slow pace to avoid cutting

N U AW N

tool
damage.

9. Flying sparks in welding.
¢ Holding of heated parts after machining, welding or spot welding.

e Magnetic clamping refines starting the surface grinding.
e Selection of proper depth cut or feeds or any machine.

e Chip disposal system to the accident free.
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1. NOMENCLATURE OF SINGLE POINT CUTTING TOOL

Edge Angle
Back Rake
Angle
Tool Point or
Nose Radius

Side Relief
Angle

Side Cutting
End Relief
Edge Angle - Augle
End cutting-edge angle m—
(ECAC]| !
-\ Face
Nose radius — Nose angle Top
l view

Side cutting-edge angle i Fe=s
(SCEA) L

Back rake angle (ERA)

A

1
3 /
rake anal
Sde I RAlang ¢ Wedge angle i . }
Side view k
End view shank
Heel ;]
Side relief angle fu ...-IJI End reliet angle

(SRAI K (ERA)
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1: Side Cutting Edge Angle:
The angle between side cutting edge and the side of the tool shank is called side
cutting edge angle. It is often referred to as the lead angle.

2: End Cutting Edge Angle:
The angle between the end cutting edge and a line perpendicular to the shank of the
tool shank is called end cutting edge angle.

3: Side Relief Angle:
The angle between the portion of the side flank immediately below the side cutting
edge and a line perpendicular to the base of the tool.

4: End Relief Angle:
The angle between the end flank and the line perpendicular to the base of the tool is
called end relief angle.

5: Back Rake Angle:
The angle between the face of the tool and line perpendicular to the base of the tool
measures on perpendicular plane through the side cutting edge. It is the angle which
measures the slope of the face of the tool from the nose, towards the rack. If the
slope is downward the nose it is negative back rake.

6: Side Rake Angle:
The angle between the face of the tool and a line parallel to the base of the tool
measured on plane perpendicular to the base and the side edge. It is the angles that
measure the slope of the tool face from the cutting edge, if the slope is towards the
cutting edge it is negative side rake angle and if the slope is away from the cutting

edge, it is positive side rake angle. If there is no slope the side rake angle is zero.
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2. INTRODUCTION OF GENERAL PURPOSE OF MACHINES

Various machining purpose used these all type of mechanical machining machines are
Lathe machine, Shaper machine, Slotting machine, Planning machine, Drilling machine,
Boring machine, Milling machine, Grinding machine, Lapping machine Honing machine
and Broaching machine

These machines are to producing various operations like namely Facing, Chamfering,
Step turning, Taper turning, Plain turning, Knurling, Grooving, Thread cutting, Drilling,
Tapping, Precision grinding, Cylindrical grinding, Surface grinding, grinding of tool angles

e.t.c.

LATHE MACHINE:

Spindle eadstock
Speed __|
Selector ﬂ .
Spindle
(@ P Ways

Cross Slide

ool Post ]
Carriage (saddle)

- Tailstock quill
Feed f:hmlge N gp
gear box =

NT
Compound IApron Bed

'-:-:'_.,'_?l_ ‘
Rest & .'
Slide (swivels) Lead

Screw  Feed
Rod




MACHINETOOLS AND METROLOGY LAB

A lathe s a machine tool which rotates the workpiece on its axis to perform
various operations such as cutting, sanding, knurling, drilling, or deformation with tools
that are applied to the workpiece to create an object which has symmetry about an axis
of rotation.

Lathes are used in woodturning, metalworking, metal spinning, and glass
working. Lathes can be used to shape pottery, the best-known design being the potter's
wheel. Most suitably equipped metalworking lathes can also be used to produce most
solids of revolution, plane surfaces and screw threads or helices. Ornamental lathes can
produce three-dimensional solids of incredible complexity. The material can be held in
place by either one or two centers, at least one of which can be moved horizontally to
accommodate varying material lengths. Other work holding methods include clamping
the work about the axis of rotation using a chuck to a faceplate, using clamps or dogs.

SHAPER MACHINE:

A shaper is a type of machine tool that uses linear relative motion between the
workpiece and a single-point cutting tool to machine a linear tool path. Its cut is
analogous to that of a lathe, except that it is linear instead of helical. (Adding axes of

motion can yield helical tool
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paths, as also done in helical planning.) A shaper is analogous to a planer, but smaller,
and with the cutter riding a ram that moves above a stationary workpiece, rather than
the entire workpiece moving beneath the cutter. The ram is moved back and forth
typically by a crank inside the column; hydraulically actuated shapers also exist.

A shaper is a type of machine tool that uses linear relative motion between the
workpiece and a single-point cutting tool to machine a linear tool path. Its cut is
analogous to that of a lathe, except that it is linear instead of helical. (Adding axes of
motion can yield helical tool paths, as also done in helical planning.) A shaper is
analogous to a planer, but smaller, and with the cutter riding a ram that moves above a
stationary workpiece, rather than the entire workpiece moving beneath the cutter. The
ram is moved back and forth typically by a crank inside the column; hydraulically
actuated shapers also exist.

PLANNING MACHINE:
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A planer is a type of metalworking machine tool that uses linear relative motion
between the workpiece and a single-point cutting tool to machine a linear tool path. Its
cut is analogous to that of a lathe, except that it is linear instead of helical. (Adding axes
of motion can yield helical tool paths; see "Helical planing" below.) A planer is analogous
to a shaper, but larger, and with the entire workpiece moving on a table beneath the
cutter, instead of the cutter riding a ram that moves above a stationary workpiece. The
table is moved back and forth on the bed beneath the cutting head either by mechanical
means, such as a rack and pinion drive or a leadscrew, or by a hydraulic cylinder.

DRILLING MACHINE:
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A drill or drill motor is a tool fitted with a cutting tool attachment or driving tool

attachment,usually a drill bit or driver bit, used for drilling holes in various materials or
fastening various materials together with the use of fasteners. The attachment is
gripped by a chuck at one end of the drill and rotated while pressed against the target
material. The tip, and sometimes edges, of the cutting tool does the work of cutting into
the target material. This may be slicing off thin shavings (twist drills or auger
bits),grinding off small particles (oil drilling), crushing and removing pieces of the

workpiece (SDS masonry drill), countersinking, counterboring, or other operations.

Drills are commonly used in woodworking, metalworking, construction and do-it-
yourself projects. Specially designed drills are also used in medicine, space missions and
other applications.

BORING MACHINE:
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In machining, boring is the process of enlarging a hole that has already been drilled (or
cast), by means of a single-point cutting tool (or of a boring head containing several
such tools), for example as in boring a cannon barrel. Boring is used to achieve greater
accuracy of the diameter of a hole, and can be used to cut a tapered hole.

There are various types of boring. The boring bar may be supported on both ends
(which only works if the existing hole is a through hole), or it may be supported at one
end. Line boring (line boring, line-boring) implies the former. Backboring (back boring,
back-boring) is the process of reaching through an existing hole and then boring on the

"back" side of the workpiece (relative to the machine headstock).

MILLING MACHINE:

Workpiece
Saddle
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A milling machine (also see synonyms below) is a machine tool used to machine solid
materials.

Milling machines are often classed in two basic forms, horizontal and vertical, which
refers to the orientation of the main spindle. Both types range in size from small, bench-
mounted devices to room-sized machines. Unlike a drill press, this holds the workpiece
stationary as the drill moves axially to penetrate the material, milling machines also
move the workpiece radially against the rotating milling cutter, which cuts on its sides as
well as its tip. Workpiece and cutter movement are precisely controlled to less than
0.001 in (0.025 mm), usually by means of precision ground slides and lead screws or
analogous technology. Milling machines may be manually operated, mechanically

automated, or digitally automated via computer numerical control (CNC).

Milling machines can perform a vast number of operations, from simple (e.g., slot and

keyway cutting, planing, drilling) to complex (e.g., contouring, die sinking). Cutting fluid
is often pumped to the cutting site to cool and lubricate the cut and to wash away the
resulting swarf.

GRINDING MACHINE:

Wheel guard ‘\

Worktable

Wheel head

Workpiece Colums

Saddle
Feed

Bed

A grinding machine, often shortened to grinder, is a machine tool used for
grinding, which is a type of machining using an abrasive wheel as the cutting tool. Each
grain of abrasive on the wheel's surface cuts a small chip from the work piece via shear

deformation.
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The grinding machine consists of a power driven grinding wheel spinning at the required
speed (which is determined by the wheel’s diameter and manufacturer’s rating, usually
by a formula) and a bed with a fixture to guide and hold the work-piece. The grinding
head can be controlled to travel across a fixed work piece or the work piece can be
moved whilst the grind head stays in a fixed position. Very fine control of the grinding
head or table’s position is possible using a Vernier calibrated hand wheel, or using the
features of numerical controls.

LAPPING MACHINE

Lapping is a machining operation, in which two surfaces are rubbed together with an
abrasive between them, by hand movement or by way of a machine. This can take two
forms. The first type of lapping (traditionally called grinding), typically involves rubbing a
brittle material such as glass against a surface such as iron or glass itself (also known as
the "lap" or grinding tool) with an abrasive such asaluminum oxide, jeweller's rouge,
optician's rouge, emery, silicon carbide, diamond, etc., in between them. This produces
microscopic concordat fractures as the abrasive rolls about between the two surfaces
and removes material from both.

The other form of lapping involves a softer material such as pitch or a ceramic for the
lap, which is "charged" with the abrasive. The lap is then used to cut a harder material—
the workpiece. The abrasive embeds within the softer material which holds it and
permits it to score across and cut the harder material. Taken to the finer limit, this will
produce a polished surface such as with a polishing cloth on an automobile, or a

polishing cloth or polishing pitch upon glass or steel.
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HONING MACHINE

Nonabrading bronze guide

Typical applications are the finishing of cylinders for internal combustion engines,
air bearing spindles and gears. Types of hone are many and various but all consist of one
or more abrasive stones that are held under pressure against the surface they are

working on.

In everyday use, a honing steel is used to hone knives, especially kitchen knives,
and is a fine process, there contrasted with more abrasive sharpening. Other similar

processes are lapping and super finishing.
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LATHE MACHINE

PARTS OF LATHE MACHINE:

Spindle eadstock
Speed —___
Selector

Ways

Cross Slide
Carriage (saddle)

Center - Tailstock quill
5 Jailstock

ool Post

Feed change

gear box
@
Compound Koo Bid >
Rest &
Slide (swivels) Lead
Screw  Feed
Rod




MACHINETOOLS AND METROLOGY LAB

3. LATHE MACHINE
INTRODUCTION:

The lathe, probably one of the earliest machine tools, is one of the most versatile
and widely used machine tool, so also known as mother machine tool.

An engine lathe is the most basic and simplest form of the lathe. It is called so
because in early lathes, power was obtained from engines.

The job to be machined is held and rotated in a lathe chuck; a cutting tool is
advanced which is stationary against the rotating job. Since the cutting tool material is
harder than the work piece, so metal is easily removed from the job.

Some of the common operations performed on a lathe are facing, turning,
drilling, threading, knurling, and boring etc.

LATHE MACHINE PARTS
Bed: Supports all other machine parts.
Carriage: Slides along the machine ways.

Head stock: Power train of system (spindle included).

Tail Stock: Fixes piece at end opposite to the head stock.
Swing: Maximum diameter of the machinable piece.
Lead screw: Controls the feed per revolution with a great deal of precision.

LATHE TOOLS: Left handed, Right handed, Threading, Boring, Groove, Parting (Cut-Off)
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CUTTING SPEEDS:

Typical Lathe Cutting Speeds:

Nominal cuts
-30 - 800 ft./min.

Roughing cuts
- Depth of cut greater then .02 in
- Feed speed of .008 - .08 in/rev.

Finishing Cuts
- Lower than roughing cuts

TURNING OPERATIONS:

Turning (Performed on lathe)
Part is moving and tool is stationary.

Used to make parts of round cross
section - Screws, shafts, pistons

Number of various lathe operations
Turning, facing, boring, drilling, parting, threading
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LATHE OPERATIONS:

2. LATHE -PLAIN TURING, STEP TURNING, TAPER TURNING, KNURLING AND CHAMFERING

1. AIM:
To perform various lathe operations such as plain turning, taper turning knurling and
chamfering on a given material made of Mild steel.

2. MATERIAL REQUIRED:
A mild steel bar of 22 mm diameter and 95 mm length.

3. TOOLS AND EQUIPMENT USED:

H.S.S. single point cutting tool,
Parting tool,

Knurling tool,

Chuckey,

Tool post key,

Outside caliper,

Steel rule.

DIAGRAM:

All Dimensions are in "mm"
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S NO. SEQUENCE OF OPERATIONS CUTTING TOOL USED
1. Facing H.S.S Single Point tool
2. Rough turning H.S.S Single Point tool
3 Finish turning H.S.S Single Point tool
4 Step turning Parting tool

5 Taper turning H.S.S Single Point tool
6 Knurling Knurling tool

7 Chamfering H.S.S Single Point tool

5. TYPES OF OPERATION:

Facing Operation

Facing is the operation of machining the ends of a piece of work to produce a flat
surface square with the axis. The operation involves feeding the tool perpendicular to
the axis of rotation of the work piece.

A regular turning tool may be used for facing a large work piece. The cutting edge
should be set at the same height as the center of the work piece. The tool is brought
into work piece from around the center for the desired depth of cut and then is fed
outward, generally by hand perpendicular to the axis of rotation of the work piece.
Rough Turning Operation

Rough turning is the operation of removal of excess material from the work piece in a
minimum time by applying high rate of feed and heavy depth of cut. The depth of cut

for roughing operations in machining the work ranges from 2 to 5 mm and the rate of

feed is from 0.3 to 1.5 mm per revolution of the work.
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Finish Turning Operation

It requires high cutting speed, small feed, and a very small depth of cut to generate a
smooth surface. The depth of cut ranges from 0.5 to 1 mm and feed from 0.1 to 0.3 mm
per revolution of the work piece.

Step Turning

Is the operation of making different diameters of desired length. The diameters
and lengths are measured by means of outside caliper and steel rule respectively.

Taper Turning

A taper may be defined as a uniform increase or decrease in diameter of a piece
of work measured along its length. In a lathe, taper turning means to produce a

conical surface by gradual reduction in diameter from a cylindrical work piece.

The amount of taper in a work piece is usually specified by the ratio of the
difference in diameters of the taper to its length. This is termed as the conicity

designated by the letter ‘K’.

K=(D-d) /L

Where, D = Large diameter of taper in mm
d = small diameter of taper in mm

L = length of tapered part in mm

A taper may be turned by any one of the following methods:

a) Form tool method

b) Tail stock set over method
c) Swiveling the compound rest and
d) Taper turning attachment
Taper turning by swiveling the compound rest:
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This method employs the principle of turning taper by rotating the work piece on the
lathe axis and feeding the tool at an angle to the axis of rotation of the work piece. The
tool mounted on the compound rest is attached to a circular base, graduated in
degrees, which may be swiveled and clamped at any desired angle. Once the compound
rest is set at the desired half taper angle, rotation of the compound slide screw will
cause the tool to be fed at that angle and generate a corresponding taper.
The setting of the compound rest is done by swiveling the rest at the half taper angle.
This is calculated by the equation.
Tana=(D-d)/ 2L

Where a = Half taper angle
Knurling
Knurling is the process of embossing a diamond shaped pattern of the surface of a work
piece. The purpose of knurling is to provide an effective gripping surface on a work piece
to proven it from slipping when operated by hand. Knurling is performed by a special
knurling tool which consists of a set of hardened steel rollers in a holder with the teeth
cut on their surface in a definite pattern. The tool is held rigidly on the tool post and the
rollers are pressed against the revolving surface of work piece to squeeze the metal
against the multiple cutting edges, producing depressions in a regular pattern on the

surface of the work piece.

Knurling is done at the slowest speed and oil is flowed on the tool and work piece.
Knurling is done at the slowest speed and oil is flowed on the t