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Abstract 
There is a growing demand for Diesel Engine in every aspect of day to day life, thus they have gained lot of importance in 
automobile industry, agricultural sector, generation for power etc. It is therefore necessary to produce efficient and economical 
engines. While developing a diesel engine it is required to take in consideration all the parameters  affecting the engines design 
and performance. There are enormous parameters so it becomes difficult to account them while designing an engine. So it 
becomes necessary to conduct tests on the engine and determine the measures to be taken to improve the engines performance. 
Keeping this very thought in mind and also considering the economic price of test rig in present market, we decided to make our 
own test rig which would not only test various important parameters such as Power produced by the engine, Engine speed 
(Rev/min), Fuel consumption, Efficiency but can also be manufactured at 1/5th of the price. 
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1. INTRODUCTION 
1.1 Definitions 
1.1.1 Test Rig: A flexible combination of hardware, software, data, and interconnectivity that can be configured by the 
Test Team to simulate a variety of different Live Environments on which an AUT can be delivered. It is an apparatus 
used for assessing the performance of a piece of mechanical or electrical equipment. 
1.1.2 Diesel Engine: It is internal combustion engine that uses the heat of compression to initiate ignition to burn the fuel 
that has been injected into the combustion chamber. This is in contrast to spark-ignition engines such as a petrol engine 
(gasoline engine) or gas engine (using a gaseous fuel as opposed to gasoline), which uses a spark plug to ignite an air-fuel 
mixture. The engine was developed by German inventor Rudolf Diesel in 1893. 
The diesel engine has the highest thermal efficiency of any regular internal or external combustion engine due to its very 
high compression ratio. Low-speed diesel engines can have a thermal efficiency that exceeds 50% 
Diesel engines are manufactured in two-stroke and four-stroke versions. They were originally used as a more efficient 
replacement for stationary steam engines. Since the 1910s they have been used in submarines and ships. Use in 
locomotives, trucks, heavy equipment and electric generating plants followed later. In the 1930s, they slowly began to be 
used in a few automobiles 
 
1.2 Engine Performance Parameters 
Indicated thermal efficiency, Brake thermal efficiency, Mechanical efficiency, Volumetric efficiency, Relative efficiency, 
Mean effective pressure, Mean piston speed, Specific power output, Specific fuel consumption, Air fuel ratio, Calorific 
value 

 
2. DEVELOPMENT OF AN EXPERIMENTAL TEST RIG 
For conducting the desired set of experiments and measuring required data from the engine, it is essential to get the 
various instruments mounted at the appropriate location on the experimental setup. Apart from this, a dual fuel system 
has been developed for diesel and acid oil biodiesel. The photograph of the test rig with instrumentation used is shown in 
plate 2.1 
For developing this dual fuel system a number of steps have been applied:- 

 
Plate 2.1: Test Rig 
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2.1 Selecting of appropriate channels 
From the two type of channels available ( L channels & T channels), L type holed channel is selected so that  the height 
of the setup could be easily adjusted. . The photograph of the channel used is shown in plate 2.2 

 
Plate 2.2: L Shaped Channel 

 
2.1.1 Channel Dimension: 
  6*3*1.5 feet (easy to operate by an average human) 
 
2.2 Bakelite board 
Bakelite board is used for the installation of the following: 
A. Control panel 
B. Load panel 
 
Different equipments are installed on the Bakelite board by drilling, cutting and filling. The equipments are fitted 
accordingly with help of screws and bolts. . The photograph of the Bakelite used is shown in plate 2.3. 
Dimension of the Bakelite board is 3*3 feet. 

 

 
       Plate2.3 Bakelite Board  

 
2.3 Installation of Components on Control Panel  
After finalizing the size of channels & Bakelite sheet, the desired components were procured and fitted on a panel. A 
stand was setup and a Bakelite sheet of 3-mm thickness was mounted on it. Instruments such as voltmeter, ammeter, 
speed counter, twelve channels temperature digital indicator was mounted on the front side of the control panel (Plate 
2.4). 

 
Plate2.4: Control Panel 

 
2.3.1 Voltmeter: also known as a voltage meter, is an instrument used for measuring the potential difference, or voltage, 
between two points in an electrical or electronic circuit. Some voltmeters are intended for use in direct current (DC) 
circuits; others are designed for alternating current ( AC ) circuits 
A basic  analog  voltmeter consists of a sensitive galvanometer (current meter) in series with a high  resistance . The 
internal resistance of a voltmeter must be high. Otherwise it will draw significant  current , and thereby disturb the 
operation of the circuit under test. The sensitivity of the galvanometer and the value of the series resistance determine the 
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range of voltages that the meter can display.  
A digital voltmeter shows voltage directly as numerals. Some of these meters can determine voltage values to several 
significant 
figures. Practical laboratory voltmeters have maximum ranges of 1000 to 3000 volt s (V). Most commercially 
manufactured voltmeters have several scales, increasing in powers of 10; for example, 0-1 V, 0-10 V, 0-100 V, and 0-
1000 V. 
The range of the Voltmeter is (0-400 V)  
 
2.3.2 Ammeter: An instrument that measures the strength of an electric current, indicating it in amperes. Ammeters 
typically include a galvanometer; digital ammeters typically include A/D converters as well. The operating principle of an 
ammeter depends on the nature of the current to be measured and the accuracy required. Currents may be broadly 
classified as direct current (dc), low-frequency alternating current (ac), or radio frequency.  
The range of the Ammeter is (0-30 A) 
 
2.3.3 Tachometer: It is an instrument measuring the rotation speed of a shaft or disk, as in a motor or other machine. 
The device usually displays the revolutions per minute (RPM) on a calibrated analogue dial, but digital displays are 
increasingly common 
. 
2.3.4 TDI Meter: A thermoelectric device used to measure temperatures accurately, especially one consisting of two 
dissimilar metals joined so that a potential difference generated between the points of contact is a measure of the 
temperature difference between the points. it is a temperature-measuring instrument consisting of two wires of different 
metals joined at each end. One junction is placed where the temperature is to be measured, and the other is kept at a 
constant lower (reference) temperature. A measuring instrument is connected in the electrical circuit. The temperature 
difference causes the development of an  electromotive  force that is approximately proportional to the difference between 
the temperatures of the two junctions. Temperature can be read from standard tables, or the instrument can be calibrated 
to display temperature directly. 
The range of the TDI meter is (12 channels). 
 
2.3.5 Manometers: They essentially consist of a `U' shaped glass tube, which is filled with some liquid, typically oil, 
water, or mercury. At its simplest, one end of the U tube will be open to the atmosphere, while the other will be connected 
to whatever it is that one wishes to measure the pressure of, say a pressurized tank of gas.  
 
Manometers can also be used to make pressure measurements of liquid flows. Manometers are cheap, simple, and  
reliable. As a consequence, they are widely used, particularly in undergraduate fluid mechanical laboratories. The most 
serious drawback of a manometer, on the other hand, is that is has a very poor temporal response. In other words, a 
manometer cannot pick up rapid changes in pressure. As a result, they are best suited to applications where steady-state 
pressure is being measured.  
 
2.3.6 Burette & Four Way Valve With Individual Regulator: One burette with stop cocks and four way valves were 
also mounted on the front side of the panel for fuel flow measurements and selecting between either diesel fuel or 
biodiesel- diesel blends.  
 
2.3.7 Fuel Tanks: 
The two fuel tanks were mounted on the rear side of the panel at highest position as shown in plate 2.5. 

 
Plate 2.5: Fuel Tank 

 
The capacity of the fuel tank is 5 liters each.  
A voltmeter and an ammeter were connected between alternator and load bank. A nut was welded on the flywheel and the 
photo reflective sensor was mounted on a bracket attached to engine body. The thermocouples were mounted in the 
exhaust manifold to measure the exhaust temperature.  
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Thus such a system was chosen to examine the practical utility of acid oil biodiesel in such applications. Besides being a 
single cylinder system, it was light and easy to maintain. The engine was provided with suitable arrangement, which 
permitted wide variation of controlling parameters. Due to water cooled engine, absence of radiator, water body and pump 
made the system more suitable for the tests. 
 
2.4 Fuel Flow Measuring System 
The fuel consumption of an engine is measured by determining the time required for consumption of a given volume of 
fuel. The mass of fuel consumed can be determined by multiplication of the volumetric fuel consumption to its density. In 
the present set up volumetric fuel consumption was measured using a glass burette.  
 
The time taken by the engine to consume a fixed volume was measured using a stopwatch. The volume divided by the 
time taken for fuel consumption gives the volumetric flow rate. The test facilities were built up for measuring  
both diesel and blend consumption rates. For this, two separate tanks, one burette, and a number of valves were provided 
on the panel as shown in the Plate 2.6 

 
Plate 2.6: Four Way Valve with Individual Regulator 

 
This test was carried out only after the preliminary run. After stable operating conditions were experimentally achieved, 
the engine was subjected to similar loading conditions. Starting from no load, observations were recorded at 20%, 40%, 
60%, 80% and 100% of the rated load.  
The brake specific fuel consumption was calculated by using the relationship given below: 
Bsfc = (Vcc × ℓ × 3600) / (hp × t) 
Where,  
  Bsfc = Brake specific fuel consumption,         g/kW-h 
  Vcc = Volume of fuel consumed, cc 
  ℓ = Density of fuel, g/cc 
  hp = Brake horsepower, kW 
  t = Time taken to consume, cc of fuel, sec. 
2.5 Rpm of the Engine 
An ‘MTC’ make digital panel tachometer with proximity/photo reflective sensor was used for measurement of RPM. The 
instrument is capable of functioning in the range of 1 to 9,999 rpm with a sampling time of 1 second. For measurement, a 
nut was welded on the flywheel face and sensor was mounted on a bracket near the flywheel in such a way that the 
distance was less than 5 mm. The display unit is digital and mounted on the panel board. The engine speed measurement 
arrangement. 
 
2.6 Temperature Measurement 
Chromel-Alumel K-type thermocouples were connected to a 12 channel digital panel meter to measure temperatures of 
exhaust gas. The meter was calibrated by a mill volt source up to 800o C. 
 
2.7 Brake Power 
The brake power is among the most important parameter in testing the performance of an engine.  The power developed 
by the engine was measured with the help of an electric alternator. The alternator was coupled to the engine with the help 
of a flexible coupling.  The output lead of this mechanically coupled alternator was connected to the control panel along 
with an ammeter and voltmeter of required range in series and thus by measuring voltage and current, the power 
developed by the electric generator was known as Brake Power. The lamp load was connected in series with the generator 
to act as a resistive load bank.  Lamp load consisted of 3 rows in parallel with 4 bulbs in series.  The rating of 
incandescent lamps was 250 volts, 500 watts and 300 watts. The dynamometer used in this study was a “Kirloskar” make, 
220 volts, 5kVA, single phase alternator. A voltmeter, 0-400 volts AC and an ammeter, 0-30 ampere, were selected for 
the measurements.  
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2.8 Parameters Selection 
The selections of appropriate parameters were essential for engine calculations, and parameters were selected very 
judiciously. The engine test was done as specified by IS: 10000. The main parameters desired from the engine are listed 
below. 
Power produced by the engines, Engine speed (Rev/min), Fuel consumption, Temperature 
NOTE: With a view to calculate the parameters mentioned above, it was essential to pick up the following signals from 
the test bench. 
Voltage generated by the alternator, Current generated by the alternator, RPM of the engine, Exhaust gas temperature. 
Fuel consumption rate 
Once the parameters were selected, the essential instruments required for sensing these parameters were installed at the 
appropriate points in the experimental set-up. 
 
3. CONCLUSION 
After the laborious work of Designing & Developing a Test Rig, measuring Voltage generated by the alternator, Current 
generated by the alternator, RPM of the engine, Exhaust gas temperature, and Fuel consumption rate was manufactured. 
Using these values, conclusions could be drawn upon various performance parameters such as Power produced by the 
engines, Engine speed (Rev/min), Fuel consumption, Temperature. Total financial aid required to form this test rig was 
approximately Rs 20,000/-. A very paltry amount when compared to the market price of the machine. 
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