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1.TOPIC:- Types of Meters: 
I. Viscous Air Flow Meter: 
 
The alcock viscous flow air meter is used for measurement of flow rates. The air flows through a 
form of honey comb so that the flow is viscous. The resistance of the element is directly 
proportional to the velocity of air. The pressure difference can be measured across the honey 
comb by use of inclined manometer. 
 
The felt pads are fitted in the manometer connections to damp out the fluctuations. A damping 
vessel can be fitted between the meter and engine to reduce the effect of pulsations. Fig. 14-20 
shows viscous air flow meter. 
II. Air Box Meter: 
The air box meter uses a very large tank fitted with sharp edge orifice. The engine suction pipe 
is connected to the tank and the orifice is fitted on the opposite side of the tank. The size of box 
is 200 times the engine cylinder volume so that the pulsating flow required by the engine can be 
converted to steady flow by the use of air box. 
 
The air is sucked continuously by the orifice and the air is supplied to the engine through the 
suction pipe intermitantly. Due to continuous flow of air across the orifice, there is pressure 
difference on the two sides of orifice. This pressure head can be measured by use of the 
manometer. The water manometer is normally used for measurement of pressure head across 
the orifice. 
 
Let A = Area of the orifice, m2 
 
d = diameter of orifice, m 
 
Cd = Coefficient of discharge of orifice 
 
hw = head of water measured across the orifice using manometer, m 
 
pa = density of air 
 
pw = density of water 
 
head of air across the orifice = ha 
 
ha = hw pw / pa 
 



  
 
  
 
Mechanical and Volumetric Efficiency: 
Mechanical Efficiency: 
 
The mechanical efficiency is the ratio of the brake power to the indicated power of the engine at 
same speed expressed in terms of percentage. 
 
ηm = Brake Power / Indicated Power x 100 = BP/IP x 100. 
 
Volumetric Efficiency: 
 
During the suction stroke of the cycle, a certain quantity of air or charge is taken into the engine 
cylinder. The actual volume of air drawn into the cylinder of the naturally aspirated engine is less 
than the volume swept by the piston. 
 
The quantity of charge or air taken into the cylinder depends upon: 
 
(1) The temperature of charge entering the cylinder. 
 
(2) The back pressure of the gases in the engine cylinder, and 
 
(3) The resistance to the flow of fresh charge into the cylinder through the inlet valves and ports. 
 
The volumetric efficiency is the ratio of the mass of actual air sucked in the engine cylinder 
during suction process to the theoretical mass of air which can be admitted in the cylinder. The 
theoretical mass of air can be calculated at the engine conditions or ambient temperature or 
STP/NTP conditions. 
 
If the volumetric efficiency is at the engine conditions, then it is the ratio of volume of charge per 
cycle drawn in during the suction stroke to the swept volume of piston is known as the 
volumetric efficiency of the engine. Both the volumes should be measured at the same 
temperature and pressure of the atmosphere surrounding the engine. 
 
Fuel Consumption: 
The fuel consumption of engines is usually measured and expressed in terms of fuel consumed 
by the engine in kg of fuel per hour. When the run of the engine is known and the fuel 
consumed by the engine is known then fuel consumption in kg per hour is calculated. 
 



The fuel consumed by the engine is measured by using the burette or graduated tube supplying 
fuel to the engine cylinder. The time for given quantity of fuel consumed is measured using the 
stop watch. Fig. 14-23 shows the burette for measurement of fuel. 
 
 
 
The volumetric efficiency can be measured on NTP and STP conditions. The theoretical mass of 
air can be calculated on NTP and STP condition by considering density of air of STP for NTP 
conditions. 
 
 
 
The average value of this efficiency is from 70 to 80 percent for the naturally aspirated engines. 
In the case of supercharged engines the volumetric efficiency may be more than 100 percent 
when air at about atmospheric temperature is forced into the cylinder at a pressure greater than 
that of the air surrounding the engines. 
 
Fuel Consumption: 
The fuel consumption of engines is usually measured and expressed in terms of fuel consumed 
by the engine in kg of fuel per hour. When the run of the engine is known and the fuel 
consumed by the engine is known then the fuel consumption in kg per hour is calculated. The 
fuel consumed by the engine is measured by using the burette or graduated tube supplying fuel 
to the engine cylinder. The time for given quantity of fuel consumed is measured using the stop 
watch Fig 14.23 shows the burette for measurement of fuel. 
Specific Fuel Consumption: 
It is the fuel consumption of the engine per unit time for unit power produced by the engine. It is 
measured in kg per unit power in kW per hour. When the fuel consumption per hour is known 
and the power of the engine is known. 
 
The fuel consumption is measured on the basis of brake power or indicated power. 
 
The indicated specific fuel consumption is the fuel consumed by the engine per unit time per 
unit indicated power produced by the engine. It is measured as kg/kW-hr. 
 
The brake specific fuel consumption is the fuel consumed by the engine per unit time per unit 
brake power produced by the engine. It is measured as kg/kW-hr. When a series of value of the 
second are plotted for the range of power output (no load to full load) for an engine, a curve will 
be obtained which will give the information at which brake power kW the engine should be run 
to give least consumption of fuel. 
 
When the specific fuel consumption is least, the thermal efficiency will be the maximum. Heavy 
oil engine has a specific fuel consumption of 0.22 kg to 0.242 kg of fuel oil and the same value 
for high speed compression ignition engine is 0.212 kg per brake power in kW per hr. 



 
Thermal Efficiency: 
The thermal efficiency of the engine is an indicator of efficient operation of the engine. It 
indicates the amount of energy converted to actual work. The thermal efficiency can be 
calculated on the basis of indicated power or brake power. 
 
i. Indicated Thermal Efficiency: 
 
It is the ratio of the heat converted to actual work in the engine cylinder to the heat supplied due 
to combustion of fuel. 
ii. Brake Thermal Efficiency: 
It is the ratio of the heat converted to actual work at the crank shaft to the heat supplied due to 
combustion of fuel. 
The brake thermal efficiency is always less than the indicated thermal efficiency and the 
relationship is given by – 
 
ηthb = ηthi x ηm 
 
Effect of Parameter on Efficiency: 
The efficiency of I.C. engines derived by assuming working substance as air is known as the air 
standard efficiency. This is the ideal efficiency of the engine. 
 
The actual thermal efficiency will be about 60% of the air standard efficiency for the following 
reasons: 
 
(i) Properties of the actual working fluid reduce the pressures and temperatures round the cycle 
due to variation of specific heats, dissociation and changes in the number of moles present 
during combustion. 
 
(ii) Compression and expansion are not adiabatic, heat being lost to the jacket water. 
 
(iii) Combustion and heat rejection are not at constant volume since they require a definite time. 
 
The actual work delivered by the engine will be less than the work developed during the power 
loop due to pump loop, friction and other mechanical losses. The brake thermal efficiency is, 
therefore, defined as the actual work delivered to the output shaft, so called brake work divided 
by the energy released during combustion of the fuel used. The brake thermal efficiency for 
automobile engines averages around 25% and has increased very little in the last sixty years. 
 
In the engines working on Diesel cycle or dual cycle, only air is taken in during the suction 
stroke, therefore, the compression ratio is made higher than that in engine working on Otto 
cycle because there is no danger of pre-ignition and so by increasing the compression ratio say 
11 to 22, a higher efficiency is obtainable in Diesel cycle than is possible with Otto cycle. 



 
It should be noted that for the same compression ratio, the efficiency of the Otto cycle is greater 
than that of the Diesel engines. 
 
 
 
Fig. 14-24 shows variation of power versus speed at full load. The power is maximum at 
particular speed means it gives highest efficiency fig. 14-25 shows variation of torque versus 
speed. The torque becomes maximum at particular speed. Fig. 14-26 shows the actual indicator 
diagram which shows power loop and pumping loop. 
 
  
 
In the engines working on Diesel cycle or dual cycle, only air is taken in during the suction 
stroke, therefore, the compression ratio is made higher than that in engine Working on Otto 
cycle because there is no danger of pre-ignition and so by increasing the compression ratio say 
11 to 22, a higher efficiency is obtainable in Diesel cycle than is possible with Otto cycle. 
 
It should be noted that for the same compression ratio, the efficiency of the Otto cycle is greater 
than that of the Diesel engines. 
 
Due to higher compression ratio, the temperature at the end of compression is sufficient to 
ignite the fuel oil which is injected into the cylinder at the end of compression stroke. Hence 
such engines are known as Compression ignition engine. 
 
There are many other criteria besides thermal efficiency that are used to evaluate the 
performance and suitability of an engine. For instance a high specific power based on engine 
weight would be desirable in transport application, but this index of performance is really not too 
satisfactory, since it is a function of engine speed. 
 
Increasing the engine speed to increase the power has the detrimental effect of increasing 
mechanical friction and inertia loads. A more meaningful index of performance which is 
frequently used to compare engine outputs is the mean effective pressure (m.e.p.) which is 
defined as the work performed during the cycle divided by the piston displacement volume. 
 
The brake mean effective pressure of Diesel engines are currently running from 5 to 18.6 bar 
and have exceeded 27.6 bar experimentally. Diesel engines are used in a broad range of heavy 
duty applications because of its high efficiency and reliability. 
 
These range from 30 MW versions for power generation and marine applications to 3 MW 
Diesel-Electric locomotives, which dramatically increased the thermal efficiency of locomotives 
from 10% to 35% when the conversion from steam was made. 
 



Diesel engines are also used in a few low weight applications, including some automobiles. The 
smaller engines generally use engines employing Otto cycle because it results in a lighter and 
less expensive engine than the Diesel engines 
 


