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FUELS AND LUBRICANTS

UNIT – 1

INTRODUCTION:


The study of fuels for IC engines has been carried out ever since these engines came into existence. 

CHEMICAL STRUCTURE OF PETROLEUM:


Petroleum as obtained from the oil wells is predominantly a mixture of many hydrocarbons with differing molecular structure.  It also contains small amounts of sulphur, oxygen, nitrogen and impurities such as water and sand.  The carbon and hydrogen atoms may be linked in different ways in a hydrocarbon molecule and this linking influences the chemical and physical properties of different hydrocarbon groups.  Most petroleum fuels tend to exhibit the characteristics of the type of hydrocarbon which forms a major component of the fuel. 


The basic families of hydrocarbons, their general formulae and their molecular arrangement are shown in table.

Table 6.1 Basic Families of Hydrocarbons

	Family of Hydrocarbons 
	General Formula
	Molecular Structure 
	Saturated / Unsaturated 
	Stability 

	Paraffin 
	CnH2n+2
	Chain 
	Saturated 
	Stable 

	Olefin 
	CnH2n
	Chain 
	Unsaturated 
	Unstable 

	Naphthene 
	CnH2n
	Ring 
	Saturated 
	Stable 

	Aromatic 
	CnH2n-6
	Ring 
	Highly Unsaturated 
	Most Unstable 


PETROLEUM REFINING PROCESS:


Crude petroleum, as obtained from the oil wells contains gases (mainly methane and ethane) and certain impurities such as water, solids etc.  The crude oil is separated into gasoline, kerosene, fuel oil etc.  By the process of fractional distillation.  This process is based on the fact that the boiling points of various hydrocarbons increase with increase in molecular weight.
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The liquid petroleum is then vapourized in a still, at temperatures of 600 oC and the vapour is admitted at the bottom of the fractionation tower.

(i) Cracking consists of breaking down large and complex hydrocarbon molecules into simpler compounds with lower boiling pints.  Thermal cracking subjects the large hydrocarbon molecules to high temperature and pressure and they are decomposed into smaller, lower boiling point molecules. Catalytic cracking using catalysts is done at relatively lower pressure and temperature than the thermal cracking.  Catalytic cracking gives better antiknock property for gasoline as compared to thermal cracking. 

(ii) Hydrogenation consists of the addition of hydrogen atoms to certain hydrocarbons under high pressure and temperature to produce more desirable compounds. 

(iii) Polymerization is the process of converting olefins, the unsaturated products of cracking, into heavier and stable compounds.

(iv) Alkylation cobines an olefin with an isoparaffin to produce a branched chain isoparaffin in the presence of a catalyst.
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CHEMICAL COMPOSITION

Aleohol and gasoline, despite the fact that they are from different chemical
classes, are remarkably similar Gasoline i mostly a misture of
"hydrocarbons”. Hydrocarbons are a group of chemical substances composed
exclusively of carbon and hydrogen atoms. This s a very large chemical class
containing many thousands of substances. Most of the fuels we use such as
coal, gasoline, kerosene, fuel oil butane, propane, etc. are chiefly
‘ydrocarbons.

Referving to Figure 2-1, the simplest member of this group is methane
which consists of a single carbon atom and four hydrogen atoms. Next comes
ethane with two carbons and six hydrogens. Propane has three carbons and,
butane has four The substances just named are gases under ordinary
conditions. As we add more carbons to the hydrocarbon molecule, the
chemicals formed become liquids: pentane, hexane, heptane, octane and <o
on As we continue with even more complex molecules, the substances get
‘progressively oilier, wasier and finally solid.



Example: isobutylene +isobutene 

   iso-octance

(v) Isomerization changes the relative position of the atoms within the molecule of a hydrocarbon without changing  its molecular formula.

(vi) Cyclization joins together the ends of a straight chain molecule to form a ring compound of the naphthene family. 

(vii) Aromatization is similar to cyclization, the exception being that the product is an aromatic compound.

(viii) Reformation is a type of cracking process which is used to convert the low antiknock quality stocks into gasolines of higher octane rating (see section 6.6). It does not increase the total gasoline volume. 

CONVENTIONALLY REFINED PETROLEUM BASE STACKS 


Lubricating oils can be produced form a wide variety of crude oils, and taking into account the many variations in available processes, there are many different qualities of petroleum lubricants available.  Crude oils and the conventional lubricating oils refined from them are generally classified as either paraffinic, naphthenic, or intermediate.  The names relate to the relative preponderance of either paraffins (straight or branched hydrocarbon chains) or naphthenes (cycloparaffins) in their composition, both types also containing some aromatics (alkyl benzenes and multi-ring aromatics). These chemical structures are illustrated diagrammatically if Figure 21.


Each angle in these structures represents a carbone atom, and typical lubricating oil base stocks have between twenty and forty carbon atoms in each molecule. Within each type of structure many variations are possible, and literally millions of different molecular types make up the typical lubricating oil.  A brief introduction to petroleum chemistry is given in Appendix3.


Long chain, higher-molecular-weight paraffins (i.e., those that boil at higher temperatures and have more atoms in each molecule) are solids at low temperatures, and when a raw paraffinic oil is cooled these separate out as wax and the oil eventually gels to a solid. 

FINISHING PROCESSES 


The solvent extraction process does not remove all the reactive and unstable material from the  base stock, and without a finishing process the oil would soon darken  and precipitate sludge, especially when exposed to light. 


An early finishing process was clay treatment, whereby the oil was mixed with “fuller’s earth,” which adsorbed reactive aromatic and unstable molecules, and was then filtered off.  The contaminated clay residues presented a wasted disposal problem and there were also large product losses.  Hydro finishing is now the normal process, whereby the reffinate is passed through a heated reactor packed with a catalyst (typically nickel and molybdenum oxides on silica and alumina)and hydrogen is passed in under pressure (Figure 25.).  Hydrogenation reactions reactions covert the unstable compounds into stable ones.  Aromatics, for example, are converted into naphthenes.  Hydrofinishing does not substantially reduce the product yield, it increases the V.I., and removes some of the sulfur compounds (which are converted to hydrogen sulfide) and other trace materials.  The extent of these effects is very dependent on the processing conditions catalysts, temperature, pressure, etc. 

AUTOMOTIVE LUBRICANTS:

Many types of lubricants are used in a vehicle. engine oil and transmission fluid, on a volume basis, provide a major portion of the lubricants in a typical car or truck, and a great number of standard tests are associated with these fluids. Greases provide a variety of highly specialized functions and are found in many locations within a vehicle (for example, in door locks, gears for seat adjustments and windshield wipers, bearings, electrical contacts, and numerous other places).

In general, automotive lubricants consist of a base stock and various additives. The choice of base stock depends on the function of the lubricant. In the case of engine oil, various types of organic oils may be used: paraffinic, naphthenic, and synthetic. Paraffinic hydrocarbons consist of hydrogen and carbon atoms that are chemically bonded together in the form of branched chains. Naphthenic hydrocarbons contain carbon atoms that are bonded together in the form of rings. Paraffinic and naphthenic hydrocarbons are typically derived by refining oil from oil wells. Synthetic hydrocarbons are formed by combining small hydrocarbon building blocks to form longer chains of a desired composition that tends to be more resistant to chemiccd attack than is the case for oils produced by a refining process.

Additives are blended into a base stock to provide desirable properties such as optimum friction characteristics for the desired application, anti-wear and antioxidant capability, defoaming capability, and corrosion inhibition. The chemical nature of the additives for a given application are chosen on the basis of their ability to perform their desired function, withstand the conditions under which they must operate, and be compatible with the base stock in which they are used.

UNIT II
FUELS FOR I.C. ENGINES
TYPE OF FUELS

There are three types of fuels.
1. Liquid fuel 2. Gaseous fuel and 3. Solid fuel

General properties of fuels:
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Aleohols can be thought of as
hydrogen atoms has been replaced by &
hydrogen atom bonded to an oxygen atom. Thus methane becomes the
simplest alcohol, methanol. Ethane becomes ethanoli propane becomes
propanol and so on. Like hydrocarbons, there are many alcohols of ever
increasing complexity.

ydrosyl group” which consists of a
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Another important quality in a motor fuel is "volatility”, or the ability
%o be vaporized. As previously noted, methy] alcohol contains less than half
the heat value of gasoline and ethyl alcohol contains only about 60%. The
et higher alcohol, propyl alcohol with three carbon atoms, contains only
26.6% oxygen and thus about 74% of the heat value of gasoline. It is apparent.
that the more complex the alcohol, the closer its heat value comes to that of
gasoline.

Cetyl aleohol (Figure 2-1), for example, contains only about 6.6%
oxygen and thus has about 90% of the heat value of gasoline. However, this
aleohol is a solid wax! It can't be conveniently vaporized and mised with air
in an engine and 0 is useless as a motor fuel. Consequently, in considering
aleohol fuels, a compromise must be made between heat value and volatility

Closely related to volatility ic a quality called 'latent heat of
vaporization”. When & liquid ic at its boiling point, a certain amount of
additional heat is needed to change the liquid to a gas. This additional heat is
the latent heat of vaporization, expressed in Brwlb in Figure 2-2. This effect
is ome of the principles behind refrigeration and the reason that water
evaporating from your skin feels cool

Referring to Figure 2-2, gasoline has a latent heat of about 140 Bw/lb
‘methanal, 474 Brullb: and ethanol, 361 Brulb. In an engine, vaporization of
the gasoline fucliair mixture recults in a temperature drop of about 40
degvees Fahrenheit. Under similar conditions., the temperature drop for ethy]
aleohol will be more than twice that of gasoline, and for methanol the drop
will be over three times ac great. These temperature drops result in a
considerably greater "mass density” of the fuel entering the engine for alcohol
as compared to gasoline. The result is a greatly increaced efficiency for
alcohol fuels. To visualize why, remember that at a given pressure, the
amount of space & gas occupies is directly proportional to the temperature.

For example, if one pound of a gas fits into a certain container at 2
given pressure and the temperature is cut in half, the container will now hold,
£wo pounds of the gas at the same pressure. In an engine, a stoichiometric
‘misture of methanol and air would be over three times colder than the same
gasoline/air misture. This means that there is now over three times (by
weight) as much methanol in the cylinder.




COMBUSTION IN SPARK- IGNITION ENGINES:


In a conventional spark-ignition engine, the fuel and air are homogeneously mixed together in the intake system, inducted through the intake valve into the cylinder where it mixes with residual gases and is then compressed.  Under normal operating conditions, combustion is initiated towards the end of the compression stroke at the spark plug by an electric discharge. 

STAGES OF COMBUSTION IN SI ENGINES:


A typical theoretical pressure-crank angle diagram, during the process of compression (a-b) combustion (b-c) and expansion (c-d) in an ideal four-stroke spark-ignition engine is shown in Fig.12.1.  In an ideal engine, as can be seen from the diagram, the entire pressure rise during combustion takes place at constant volume i.e.., at TDC.

FLAME FRONT PROPAGAION:


For efficient combustion the rate of propagation of the flame front within the cylinder is quite critical.  The two important factors which determine the rate of movement of the flame front across the combustion chamber are the reaction rate and the transposition rate.  The reaction rate is the result of a purely chemical combination process in which the flame eats its way into the unburned charge.  The transposition rate is due to the physical movement of the flame front relative to the cylinder wall and is also the result of the pressure differential between the burning gases and the unburnt gases in the combustion chamber. 

Figure 12.3 shows the rate of flame propagation.  In area I, (A-B), the flame front progresses relatively slowly due to a low transposition rate and low turbulence.  The transposition of the flame front is very little since there is a comparatively small mass of charge burned at the start.  The low reaction rate plays a dominant role resulting in a slow advance of the flame.  Also, since the spark plug is to be necessarily located in a quiescent layer of gas that is close to the cylinder wall, the lack of turbulence reduces the reaction rate and hence the flame speed.  As the flame front leaves the quiescent zone and proceeds into more turbulent areas (area II) where it consumes a greater mass of mixture, it progresses more rapidly and at a constant rate (B-C) as shown in Fig.12.3.


The volume of unburned charge is very much less towards the end of flame travel and so the transposition rate again becomes negligible thereby reducing the flame speed.  The reaction rate is also reduced again since the flame is entering a zone (area III) of relatively low turbulence (C-D) in Fig., 12.3.

ABNORMAL COMBUSTION:


In normal combustion, the flame initiated by the spark travels across the combustion chamber in a fairly uniform manner.  Under certain operation conditions the combustion deviates from its normal course leading to loss of performance and possible damage to the engine.  This type of combustion may be termed as an abnormal combustion or knocking combustion.  The consequences of this abnormal combustion process are the loss of power, recurring resignation and mechanical damage to the engine. 

THE PHENOMENON OF KNOCK IN SI ENGINES:


In a spark-ignition engine combustion which is initiated between the spark plug electrodes spreads across the combustible mixture.  A definite flame front which separates the fresh mixture from the products of combustion travels from the spark plug to the other end of the combustion chamber. Heat-release due to combustion increases the temperature and consequently the pressure, of the burned part of the mixture above those of the unburned mixture.  In order to effect pressure equalization the burned part of the mixture will expand, and compress the unburned mixture adiabatically thereby increasing its pressure and temperature.  This process continues as the flame front advances through the mixture and the temperature and pressure of the unburned mixture are increased further. 


If the temperature of the unburnt mixture exceeds the self-ignition temperature of the fuel and remains at or above this temperature during the period of preflame reactions (ignition lag), spontaneous ignition or autoignition occurs at various pin – point locations.  This phenomenon is called knocking.  The process of autoignition leads towards engine knock. 

EFFECT OF ENGINE VARIABLES ON KNOCK 


From the discussion  on knock in the previous section, it may be seen that four major factors are involved in either producing or preventing knock.  These are the temperature, pressure, density of the unburned charge and the time factors.  Since, the effect of temperature, pressure and density are closely interrelated, these three are consolidated into one group and the time factors into another group. 

OCTANE VALUE OF THE FUEL  :

A higher self – ignition temperature of the fuel and low preflame reactivity would reduce the tendency of knocking.  In general , paraffin series of hydrocarbon have the maximum and aromatic series the minimum tendency to knock.  The napthene series comes in between the two.  Usually, compounds with more compact molecular structure are less prone to known.  In aliphatic hydrocarbons, unsaturated compounds show lesser knocking tendency that saturated hydrocarbons, the exception being ethylene, acetylene and propylene. 

COMBUSTION IN COMPRESSION – IGNITION ENGINES 


There are certain basic differences existing between the combustion process in the SI and CI engines.  In the SI engine, a homogeneous carbureted mixture of gasoline vapour and air, in a certain proportion is compressed (compression ratio 6:1 to 10:1) and the mixture means of an electric spark.  A single flame front progresses through the air – fuel mixture after ignition. 


In the CI engine, only air is compressed through a high compression ratio (16:1 to 20:1) raising its temperature and pressure to a high value.  Fuel is injected through one or more jets into the highly compressed air in the combustion chamber.  Here the fuel jet dis integrates into a core a fuel surrounded by a spray envelope of air and fuel particles.  This spray envelop is created both by the atomization and vaporization of the fuel.  The turbulence of the air in the combustion chamber passing across the jet tears the fuel particles from the core.  A mixture of air and fuel forms at some location in the spray envelope and oxidation starts. 


The liquid fuel dropiets evaporate by absorving the vaporization from the surrounding air which reduces the temperature of a tine layer of air surrounding the droplet and some time elapses before this temperature can be raised again by absorbing heat from the bulk of air.  As soon as this vapour and air reach the level of the autoignition temperature and if the local A/F ratio is within the combustible range, ignition takes place.  Thus it is obvious that at first there is a certain delay period before ignition takes place. 


Since the fuel droplets cannot be injected and distributed uniformly throughout the combustion space, the fuel air mixture is essentially heterogeneous.  If the air within the cylinder were motionless under these conditions, there will not be enough oxygen in the burning zone and burning of the fuel would be eighter flow or totally fail as it would be s9urrgounded by its own precuts of combustion.  Hence an orderly and controlled movement must be imparted to the air and the fuel so that a continuous flow of fresh air is brought to each burning droplet and the products of combustion are swept away.  This air motion is called the air swirl and its effects.

STAGES OF COMBUSTION IN CI ENGINES 


The combustion in a CI engine is considered to be taking place in four stages.  It is divided into the ignition delay period, the period of rapid combustion, the period of controlled combustion and the period of after burning.  The details are explained below. 

IGNITION DELAY PERIOD 


The ignition delay period  is also called the preparatory phase during which some fuel has already been admitted but has not vet ignited.  This period is counted from the state of injection to the point where the pressure time curve separates from the motoring curve indicated as start of combustion. 

PERIOD OF RAPID COMBUSTION 


The period of rapid combustion also called the uncontrolled combustion, is that phase in which the pressure rise is rapid.  During the delay period that droplets have had time to spread over a wide area and fresh air is always available around the droplets.  Most of the fuel admitted would have evaporated and formed a combustible mixture with air. 

PERIOD OF CONTROLLED COMBUSTION 


The rapid combustion period is followed by the third stage, the controlled combustion.  The temperature and pressure in the second stage is already quite high.  Hence the fuel droplets injected during the second stage burn faster with reduced ignition delay as soon as they find the necessary oxygen and any further pressure rise is controlled by the injection rate. 

PERIOD OF AFTER BURNING 


Combustion does not cease with the completion of the injection process.  The unburnt and partially burnt fuel particles left in the combustion chamber start burning as soon as they come into contract with the oxygen.  This process continues for a certain duration called the after burning period.  Usually this period starts from the point of maximum cycle temperature and continues over a part of the expansion stroke.  Rate of after burning depends on the velocity of diffusion and turbulent mixing of unburnt and partially  burnt fuel with the air.  The duration of the after burning phase may correspond to 70-80 degrees of crank travel from TDC. 

FACTORSA AFFECTING THE DELAY PERIOD 


Many design and operating factors affect the delay period.  The important ones are : 

i) Compression ratio 

ii) Engine speed 

iii) Output 

iv) Automization of fuel and duration of injection 

v) Injection timing 

vi) Quality of the fuel 

vii) Intake temperature 

THE PHENOMENON OF KNOCK IN CI ENGINES 


In CI engines the injection process takes place over a definite interval of time. Consequently, as the first few droplets to be injected are passing through the ignition delay period, additional droplets are being injected into the chamber.  If the ignition delay of the fuel being injected is short, the first few droplets will commence the actual burning phase in a relatively short time after injection and a relatively small amount of fuel will be accumulated in the chamber when actual burning commences. 

Effect of Variables on the Delay Period

	Increases in variable
	Effect on Delay Period
	Reason

	Cetane number of fuel 
	Reduces 
	Reduces the self-ignition temperature 

	Injection pressure 
	Reduces
	Reduces physical delay due to greater surface volume ration 

	Injection timing advance 
	Reduces
	Reduced pressures and temperatures when the injection begins

	Compression ration 
	Reduces
	Increases air temperature and pressure and reduces autoignition temperature 

	Intake temperature 
	Reduces
	Increases air temperature 

	Jacket water temperature 
	Reduces 
	Increases wall and hence air temperature 

	Fuel temperature 
	Reduces 
	Increases chemical reaction due to better vaporization 

	Intake pressure  (Supercharging)
	Reduces 
	Increases density and also reduces autoignition temperature 

	Speed 
	Increases in terms of crank angle.  Reduce in terms of milliseconds 
	Reduces loss of heat 

	Load (Fuel air ratio)
	Decreases 
	Increase the operating temperature 

	Engine size 
	Decrease in terms of crank angle.  Little effect in terms of milliseconds 
	Larger engines operator normally at low speeds 

	Type of combustion chamber 
	Lower for engines with precombustion 
	Due to compactness of the chamber. 


COMPARISON OF KNOCK IN SI AND CI ENGINES 


It may be interesting to note that knocking in spark – Ignition engines and compression – ignition engines is fundamentally due to the autoignition of the fuel air mixture.  In both the cases, the knocking depends on the autoignition lag of the fuel air mixture.  But caseful examination of the knocking phenomenon in spark – ignition and the compression – ignition engines reveals the following differences.  A comparison of the knocking process in SI and CI engines . 

i) In spark – ignition engines, the autoignition of the end gas away from the spark plug most likely near the end of the combustion causes knocking.  But in compression ignition engines the autoignition of the charge causing knocking is at the start of combustion. 

ii) In spark ignition engine, the charge that autoignites is homogeneous and therefore intensity of knocking or the rate of pressure rise at explosive autoignition is likely to be more than that in compression – ignition engines where the fuel and air are not homogeneously mixed even when explosive autoignition of the charge occurs.  There fore, it is often called detonation is SI engines. 

iii) In compression – ignition engines, only air is compressed during the compression stroke and the ignition can take place only after fuel is injected just before the top dead centre.  Thus there can be a no preignition in compression – ignition engines as in spark – ignition engines. 

CHARACTERISTICS TENDING TO REDUCE DETONATION OR KNOCK 

	S.No
	Characteristics
	SI Engines
	CI Engines

	1.
	Ignition temperature of fuel 
	High
	Low

	2.
	Ignition delay 
	Long
	Short

	3.
	Compression ratio 
	Low
	High

	4.
	Inlet temperature 
	Low
	High

	5.
	Inlet pressure 
	Low
	High

	6.
	Combustion wall temperature 
	Low
	High

	7.
	Speed, rpm 
	High
	Low

	8.
	Cylinder size 
	Small
	Large


COMBUSTION CHAMBERS FOR CI ENGINES 


The most important function of the CI engine combustion chamber is to provide proper mixing of fuel and air in a short time.  In order to achieve this an organized air movement called the air swirl is provided to produce high relative velocity between the fuel droplets. 

ADDITIVES 


Some compounds called additives or dopes are used to improve combustion performance of fuels.  The main combustion problems that arise when operating conditions become severe or unfavorable are knock and surface ignition.  

REQUIREMENTS OF AN ADDITIVE: 


For an additive to be acceptable it must satisfy certain basic requirements, which are as follows:

i) It must be effective in desired reaction, i.e., knock-resistant or surface ignition resistant or both. 

ii) It should be soluble in fuel under all conditions. 

iii) It should be stable in storage and have no adverse effect on fuel stability. 

iv) I should be in the liquid phase at normal temperature, and volatile to give rapid vaporization in manifold. 

v) I must not produce harmful deposits. 

vi) Its water solubility must be minimum to minimize handling losses. 


The effectiveness of antiknock additives is measured by the increase in antiknock quality of the treated fuel, that is the increase in octane number.  The mechanism by which additives decrease the tendency of the fuel to auto ignite is by no means very clear till now.  The antiknock tendency of additives is believed to be the result of breaking of chain reactions thereby delaying the auto ignition of the end mixture and permitting the normal flame to pass through it without combustion knock. 

Tetraethyl Lead.  The principal antiknock agent is tetraethyl lead (TEL) (C2H5)4P6. TEL is a heavy liquid weighing about 1.7 kg per litre.  It boils at 200C and is soluble in gasoline.  It was discovered in 1922 by Midgley and Boyd of General motors corporation of U.S.A.  The average gasoline blends have octane number in the range 75 to 85 which is increased to 90 to 95 by addition of TEL 


The addition of TEL does not change the reactions forming aldehydes and ketones.  It does not affect the rate of energy liberation during a precombustion period.  

TETRA METHYL LEAD : 


The problem of maldistribution can be countered if boiling point of lead carrier can be decreased.  So instead of TEL these days, tetra – methyl lead (TML), (CH3)4 Pb is sometimes used.  Since TML boils at 110C that is within the medium fraction range, knock protection is provided, and improvements have been noted up to 6 road octane number than those obtained with TEL. 

UNIT-IV
THEORY OF LUBRICATION:
INTRODUCTION:


Engine friction if defined as the difference between the indicated horse-power (power at piston top as produced by the combustion gases) and the brake horse-power (useful power) available at the output shaft, i.e. 

f.p.=i.p.-b.p

TOTAL ENGINE FRICTION 


Total engine friction, defined as the difference between ihp and bhp, includes the power required to drive the compressor or a scavenging pump and the power required drive engine auxiliaries such as oil pump, coolant pump and fan, etc.


If the power to drive the compressor and auxiliaries is neglected, the total engine friction can be divided into five main components.  These are:

1. Crankcase mechanical friction. 

2. Blowby losses (compression-expansion pumping loss).

3. Exhaust and inlet system throttling losses. 

4. Combustion chamber pumping loop losses. 

5. Pistion mechanical friction. 

Crankcase Mechanical Friction. Crankase mechanical friction can further be sub-divided into:

(1) Bering friction, 

(2) Valve gear friction, and 

(3) Pump and miscellanceous friction.

Blowby Losses: 


Blowby is the phenomenon of leakage of combustion products past the piston and piton rings from the cylinder to the crankcase. 

Exhaust and Inlet Throttling Loss:


The standard practice for sizing the exhaust valve is to make them a certain percentage smaller than the inlet valves. 

Pistion Mechanical Friction:


Piston mechanical friction can be sub-divided into:

1. Viscous friction 

2. Non-viscous friction 

a) Friction due to ring tension 

b) Friction due to gas pressure forces behind the ring. 

EFFECT OF ENGINE VARIABLES ON ENGINE FRICTION ‘

Effect of stroke/bore ration:


The effect of stroke/bore ration on engine friction and economy is very small. 

Effect of cylinder size and number of cylinders:


The friction and economy improves as a smaller number of larger cylinders are used.  This is because the proportion between the working pistio area and its friction producing area, i.e. circumference, is reduced. 

Effect of number of piston rings:


Fig.14.11 Shows the effect of pistion rings on total piston ring friction.  Comparing with Fig. 14.9 it can be said that the effect of number of pistion ring is not very critical and this number is usually chosen on the basis of cost, size and other requirements rather than on the basis of their effect on friction. 

Effect of compression ration:


As already discussed the friction mean effective pressure increases as the compression ratio is increased.  But the mechanical efficiency either remains constant or improvers as the compression ratio is increased. 

Effect of engine speed:


As already discussed engine friction increases rapidly as the speed increases.  The best way to improve mechanical efficiency as the speed increases the number of cylinders. 

Motering Method:


In the motoring method, engine is driven with the help of an external motor.  The power consumed by this motor, if corrected for mechanical and other losses of the motor, gives the fp of the engine. 

LUBRICATION 

LUBRICATION PRINCIPLES:


Consider a block resting on a flat surface covered with a layer of lubricating oil.  If the weight of the block is very high or the oil is thin, the oil will squeeze out.  In other words, a thick oil can support a higher load than that supported by a thin oil.

Hydrodynamic lubrication:


When this block is moved over the surface, a wedge-shaped oil film is built up between the moving block and the surface.  This wedge-shaped film is thicker at the leading edge than at the rear. 


This type of lubrication where a wedge-shaped oil film is formed between two moving surfaces is called hydrodynamic lubrication. 

Elastohydrodynamic lubrication:


When the load acting on the bearings is very high, the material itself deforms elastically against the pressure built up of the oil film.  This type of lubrication, called elastohydrodynamic lubrication, occurs between cams and followers, gear teeth, and rolling bearings where the contact pressures are extremely high.

Boundary lubrication:


If the film thickness between the two surfaces in relative motion becomes so thin that formation of hydrodynamic oil film is not possible and the surface high spots or asperities penetrate called boundary lubrication.  Such a situation may arise due to too high a load, too thin an oil or insufficient supply of oil due to low speed of movement.  Most of the wear associated with firction occurs during boundary lubrication due to metal-to-metal contact.  A condition of boundary lubrication always exists when the engine is first started.  The shaft is in contact with the bottom of the bearing with only a thin surface film of oil formed on them.  The bearing surfaces are not perfectly smooth-they have ‘hills’ and ‘valleys’ which tear this thin film which is constantly formed while the crankshaft is turning slowly.  As the speed increases it switches on to hydrodynamic lubrication.  Boundary lubrication may also occur when the engine is under very high loads or when the oil supply to the bearing is insufficient. 

Bearing Lubrication:


Show the action of the lubricant in a bearing.  When the shaft is not rotating, there is metal-to-metal contact the shaft and bearing due to squeezing out of oil from under the journal because of shaft weight.  As the shaft starts to rotate, due to high starting friction, the journal momentarily rolls slightly up the side wall.  If some surface oil remains on the bearing the shaft will slide back to the bearing bottom when it hits the oil.  This climbing and sliding back continues till sufficient oil is supplied by the pump so that the climbing shaft grabs the oil instead of the bearing wall and a curved wedge-shaped oil film is formed.  This film now supports the shaft in the bearing.  The only friction encountered is the small fluid friction caused by the rapid shear of the oil particles as they slip over one anther. 


This phenomenon of shift from boundary lubrication to hydrodynamics lubrication is shown in Fig. 14.17 with the help of the relation between coefficient of friction μ and a dimensionless number ZN /P where Z is the oil viscosity, P is the pressure and N is the Speed.  The coefficient of friction μ is minimum only at one value of ZN / P.  To the left of this pint the hydrodynamic pressure developed by the film is too low to lift the shaft and metal-to metal contact ensues.  This is the zone of boundary lubrication.  Reduction in viscosity or speed of increae in load (P), all move the operating point to left.  The operation in this zone is unstable because under boundary lubrication the coefficient of friction is high which results in more heat generation.  This further decreases the viscosity of the oil which, in turn leads to higher value of coefficient of friction through lower values of ZN / P. This ultimately leads to seizure of metallic surfaces.

Viscosity:


Viscosity of an oil is measure of its reistance to flow and is usually measured in terms of Saybolt Universal Seconds (SUS) which is the time required, in seconds, for a given quantity of the oil to flow through a capillary tube under specified test conditions. Viscosity is usually expressed a two temperatures-18oC (0oF) and 99oC (210oF).

Viscosity Index:


The viscosity of an oil is substantially affected by its temperature, higher the temperature lower is the viscosity.  This variation of viscosity of an oil with changes in temperature is measured by its Viscosity Index (V.I.) The oil is compared with two reference oils having same viscosity at 99oC (210oF).

Cloud Point and Pour Point:
If an oil is cooled, it will start solidifying at some temperature.  This temperature is called cloud point. 


The pour pint is that temperature just above which the oil sample will not flow under certain prescribed conditions. 

Flash Point:


The temperature at which the vapours of an oil flash when subject to a naked flame is known as the flash point of the oil.  If the container is closed at the time of the test it is called closed flash point, and if open it is called open flash point.  Fire point is the temperature at which the oil, if once lit with flame, will burn steadily at least for 5 seconds.  This is usually 11oC higher than open flash point and varies from 190oC to 290oC for the lubricants used for the internal combustion engines.

Carbon Residue:
Carbon residue is the quantity of the known mass sample of the oil, which on evaporation under specific conditions remains as carboneous residue. 

Oiliness:
The property of an oil to cling to the metal surfaces by molecular action and then to provide a very thin layer of lubricant under boundary lubrication conditions is called the oiliness or lubricity or film strength. 

Colour:
This has no practical significance except that it is an indication of the degree of refining of the oil.

UNIT V
LUBRICANTS

Introduction:

               Lubrication circuit is one of the most important ones in the engine. The engine cannot run smoothly for more than a few minutes without the lubricating oil.

Requirements of Lubricants

  
 1. Viscosity

           In simple language, the viscosity may be considered as the         resistance of the lubricating oil to flow.

2. Physical Stability

          The lubricating oil must be stable physically at the lowest and the highest temperatures encountered in practice.

3. Chemical Stability 

At higher temperatures the oil should remain chemically stable. There should not be any tendency for oxide formation; many of the oxidation products being sticky substances clog the lines and cause faulty piston ring and valve action

4. Resistance Against Corrosion  

        The oil should not have any tendency to corrode the pipe lines, crank case and other engine parts with which it comes into contact.

5. Pour Point           

    The minimum temperature at which the oil will pour is called its pour point.

6. Flash Point 

The flash point of the oil should be sufficiently high so as to avoid flashing of oil vapors at the temperatures occurring in common use.

7. Cleanliness

    The oil should be sufficiently clean 

TYPES OF LUBRICANTS

1. Animal Oils

2. Vegetable Oils

3. Mineral Oils

4. Synthetic Lubricants

The examples of synthetic lubricants are silicon fluids, polyglycol ethers and aliphatic diester oil. In general, they have superior property than the mineral oil but the high cost limits their use.

5. Greases

They are suspension of metallic soaps dispersed in lubricating oil. Greases find use in automobile at places where retention of liquid lubricants is difficult and the high temperature is encountered.

TESTING OF LUBRICANTS

Physical tests

1. Viscosity test

2. Flash point and fire point test

3. Loss due to evaporation 

4. Cold or pour point test

5. Specific gravity test

Chemical   Tests

1. Acid value test

2. Sponification value test

3. Insoluble residue test

4. Moisture and emulsification test

Viscosity Tests

1. Redwood viscometer

2. Saybolt viscometer

3. Engler viscometer

OIL ADDITIVES

1. Oxidation Inhibitors

These inhibit formation of varnish by preventing the oxidation of the oil at the engine operating condition 

2. Corrosion Inhibitors

          These prevents are at least reduce the formation of acids which would cause baring corrosion .These consists of oxidation inhibitors with the addition of metal salt of thiophosphoric acid and sulphurized waves.

3. Detergents

These are also called dispersant additives. This inhibits the formation of low temperature sludge binders and breaks the sludge particles into finely divided particles, which stay in the oil in fine suspension and are removed when the engine oil changed.

4. Viscosity Index Improvers

These are the additive which do not allow or at least minimize the decrease of oil viscosity with the increase in temperature.

5. Anti foaming additives

Anti foaming additives are available which suppress the foaming tendency of the oil. Polyorganosiloxanes are the most common anti foaming additives

6. Extreme pressure Additives

These cater for more difficult condition of lubrication .e.g. the one arising between the highly stressed cams and valve tappets. These prevents metal to metal by forming a chemical film. The polymeric materials such as polyisobutane form such additives.

7. Pour Point depressants

              These are to lower the pour point of the oil by coating wax crystals in the oil so that they would not stick together and thus facilitate oil flow.

8. Others

       Apart from above a large variety of additives are available some of these are rust inhibitors, water repellents, emulsifiers, dyes, odour controllers.

EFFECTS OF ENGINE CONDITIONS OF LUBRICATING OIL

1. Sludge Formation

2. Lacquer formation 

3. Oil dilution

4. Carbon deposition

CONSUMPTION OF LUBRICATING OIL

1. Combustion 

2. Loss through Leakage

3. Loss through crankcase ventilation

4. Loss on account of wear of engine parts

GREASES 

Greases are prepared by saponification  of fat followed by adding hot lubricating oil under agitation .The total amount of mineral oil added determine the consistency of the 
finished greases.

Greases have higher shear or frictional resistance than oil and, therefore can support much heavier loads at lower speeds. They also do not require as much attention unlike the lubricating liquids. But greases have tendency to separate into oil and soap.

1.Calcium based greases are emulsion of petroleum oil with calcium soap, they are generally ,prepared by adding requisite amount of calcium hydroxide to a hot oil, like allow while under agitation .These greases are cheapest and most commonly used .They are insoluble in water, so water resistant. However they are satisfactory for use at low temperature, because above 80 degree Celsius, oil and soap begins to separate out.

2. Soda based greases are petroleum oil, thickened by mixing sodium soap, they are not water resistant, because the sodium soap content is soluble in water .However they can be used up to 175 degree celcius.They are suitable for use  in ball bearing, where the lubricants gets heated due to friction.

3. Lithium based greases are petroleum oils are thickened by mixing lithium soap. They are water resistant and suitable for use at lower temperature (up to 15 degree Celsius) only.

4. Axle greases are very cheap resin greases prepared by lime to resin and fatty oil. The mixture is thoroughly mixed and allowed to stand, when grease floats are stiff mass. Fillers like talc and mica are also added to them. They are water resistant and suitable for less delicate equipments working under high loads and at low speeds.
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vut s commonly uwd to define and describe the volatility of fuels. The
soling is generally characterized by two laboratory tests:

1. /I distillation test.

2. Reid vapour test
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1. ASTHM Distillation Test. One hundred cubic centimetres of fuel

is distilled in that apparatus shown in Fig, 8.9. The temperature of the

vapour when the first drop of condensate drop from the condenser is
recorded as in ‘initial bm'mg point’. The vapour temperature is also
recorded at each successive 10 percent collected. When 95 percent has
veen distilled the burner flame may need to be increased and the maximum
emperature is recorded as the ‘end point’. The mass of the residue in the

-

-1\

'fiz...,. 15 also recorded.

.t
/ Thermometer

Air
chamber
u ‘QA.«:
-\»\1';/ Burner ~ : ' Gasoline
L '100c.c. graduate chamber
L“"" cylinder .
e - “S——
Fig. 83, ASTM distillation apparatus. Fig. 8.10. Apparatus for determining

Reid vapour pressure

Fig. 8.8 gives typical ASTM Pistillation curve for various products of
petroleum reﬁmng \

2. Reid Vapour Pressure.  The volatility of petrol is dlso defined in
terms of Reid vapour pressuré. T ?ng, 1s a measure of the vapour pressure of
an oil at 38°C f,\pr*‘s%d as mt’thmurcs of mercury or in pounds per square
inch pressure and indicates initial tgndency of a fuel to vapour-lock. Fig.
8.10 shows the apparatus used for determifiation of Reid vapour pressure.
Al chilled sample of the fuel is placed in the Reid bomb which is then
immersed in water bath heid at 38°C, the air chamber contanr.u an air
volume equal to four times the volume of fuel. The pressure shown by
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pressure gauge will indicate the rise in pressure due to fuel vaporization
and increase in air volume due to temperature increase. If the later is
subtracted from the total pressure rise we get the Reid vapour pressure,
the increase in pressure due to vaporisation of a given quantity of fuel under
a given temperature condition. . ‘

3. Equilibrium Air Distillation. As already stated the ASTM
distillation curve is not a true boiling point curve of the fuel. It does not
directly relate to fuel performance in the engine because in engine the fuel
vaporises in presence of air as against vaporisation in presence of fuel
vapour for the case of ASTM distillation. Therefore, in order to directly
correlate the fuel performance in the engine an equilibrium air distillation
(EAD) test apparatus which simulates engine conditicns is used to
determine the equilibrium air distillation (EAD) curve for the fuel. Fig.
8.11 shows the EAD curves for a typical gasoline. This figure also shows
the air-fuel volatility curves. :
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Fig. 8.11. EAD curve for a typical gasoline.

8.5.4. Effect of Volatility Engine Performance.  Volatility, the tendency
of the fuel to go from a iiquid to a gascous state, is an extremely important
characteristic of gasoline which affects engine performance and fuel
cconomy characteristics. Seme of them are;

1. Cold and hot starting

2. Wapour lock

3. Short and long trip economy





[image: image8.png]Analysis of Lubricating Greases and
Petroleum Products

A. Lubricating Greases

Greases are defined as lubricating oils bodied by soaps. So.ne-
times fllers are also added. For stiff greases, sodium siearate s0up
i1s commonly used. Aluminium, lead, potassium, zinc, barium,
lithium, iron and strontium are employed, giving particular charac-
teristics to the greases. Lead soaps give greases with little body and
are 'used for added film strength. Sometimes bcesng, rosin 01!,
candle pitch and other asnhaltic materials are added with the lubri-
cating oil. :

Fillers most commonly used are asbestos, chalk, talc, gypsum,
wood flour etc. Graphite is also used.

Analysis
1. Dropping point of lubricating greases.

The dropping point is the temperature at which the grease
passes from a semisolid to a liquid state under the condtions of test.
The dropping points of some greases, particularly those containing
aluminium soaps, are known to decrease upon ageing, the che_mg'v’ .
being much greater than the deviation permitted in results obtained
by different laboratories.

For this test an apparatus as shown in the sketch (page 169) is :
used. This special equipment is chromium-plated brass cup. A pyrex
test tube with rim, 4 inches in length by 15/32 inche inside dzampte}: |
and provided with three indentations cqually spaced, about 3/4 mcht
from the bottom, is also needed. Two ASTM partial immersion
thermometers reading —5 to 1-300° are required. ;
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POINT OF LUBRICATING GREASES

Fig. 1

~ Process

Adjust the thermometer in tha pyrex tube so that the tip of the
 bulb is about 3 mm. above the bottom of the grease cup. Suspend
the assembled apparatus by means of a clamp in an oil bath
~ Consisting of a 400 mls. beaker and suitable oil. Suspend the second
 thermometer in the oil bath so that its bulb is app. at the same level
35 the bulb of the thermometer in the test tube.

~ Remove the grease éup, and fill by pressing the largér opening
Into the grease to be tested until the cup is filled.” Remove excess
_ 8rease with a spatula. Hold the cup in a vertical position with the
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‘trometer is calibrated in tenths of a millimeter. The cone, of stain-
- less steel or brass, with a detachable hardened steel or stainless steel
tip is used, total moving weight of the cone and attachment is 150
gms.
(2) Unworked Consistency of Lubricating Grease and Petro-
latum
Bring the temperature of the sample to 26°, and place it in the
water bath for half an hour to keep it at constant temperature. Cut
the sample to a level and very smooth surface with a sharp knife.
Place the can on the penetrometer table, and lower the cone until the
tip just touches the surface. Now quickly release the cone for 5
seconds. Read the total penetration. This fig. in tenth of a milli-
meter is unworked consistency. Take average of several tests.

(») Worked Consistency of Lubricating Grease

GREASE WORKER.
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| . To conform to ASTM standards, worked consistency of lubri-

~cating grease is tested in a Grease Worker,

Process

Fill the grease worker with a minimum inclusion of air, bring
10 25°, and work with 60 full double strokes of the plunger.  Smooth
the surface, and proceed in the same manner as described in (a),
When one test is completed, smooth over the surface, avoiding air

3. Soap Content in Lubricating Greases

With dark greases use the petroleum ether extract obtained
after decomposition with potassium acid sulfate, Transfez s sam-
Ple to a 256 mis, conical flask.  Warm slightly in an oven, and add
75 mls. of petroleum ether.  Add 50 mls. of | : 2 hydrochloric aci
and shake carefully until complete decomposition results.  For (it
tion, transfer the cold petroleum ethor ang acid layers to a separg.
tory funnel.  Wash the fla with petroleum ether and with water,
Wash the petroleum ayer with 25 mls, of water.  Wash the
acid layer with 20 mls, petroleum ether, and reserye the washed acid
layer for later glyeerin determination,

Titrate the petroleum ether solution with 0'5N alcoholic pota-
ssium hydroxide, using phenolphthalein indicator.

Calenlation

Mils. of alcoholic potassium hydroxide used X normality x
0'2825 % 100/weight of sample=

Per cent free and soap faity acids as olejc,
4. Glycerin Determination

The presence of glycerin in the grease indicates that it was
made from whole fats and not from fatty acids. Evaporate the acid
Solution obtained by the decomposition of the soap in the grease to a
small volume.  Add sufficient dry sodium carbonate to neutralize the
fesidual acid and to precipitate caleium and other metals. Evapor-
ate to dryness at as low a temperature as possible, Extract the dried
fesidue several times with small portions of absolute alcohol.  Eva-
Porate the alcohol. A second absolute alcohol extraction of the first
tract will separate most of the sodium chloride. This method is
far from exact, owing to the losses of glycerin in evaporation.

3. Neutral Fat Determination

The petroleum cther solution from the soap determination
ontains any free neutral fat that may’ have been present in the
&rease.  Concentrate the solution to about 125 mls. in a 250 mls,
 fonical flask, preferably on a steam bath, Add 10 mls. of 0'5N alco.





[image: image13.png]smaller opening at the bottom, and gently press it down overa

polished metal rod 3/64 to 1/16 inch in diameter and 6 inches in

length until the latter protrudes about 1inch. Press the rod against
the cup in such a manner that the rod makes contact at both the cup

on-the rod along the index finger. When the cup is slipped finally

over the end of the rod, a smooth film of reproducible thickness

will be left inside the cup.

Reassemble the apparatus, and suspend in the oil bath with the
oil level within 1/4 inch tof the'rim. If the cork holding the ther-
mometer is the test tube coincide with the lower edge of the cork
and the assembly should be immersed to this point.

Stir the oil bath, and heat at the rate of 4'5 to 7° per minute until
the bath reaches a temperature app. 15° below the expected dropping
point of the grease. Now reduce the rate of heating so that the
temperature in _the test tube will be within 2° or less of the temper-
ature in the oil bath before the oil bath temperature increases an
additional 3°. Continue slow heating. As the temperature increases,
grease will gradually protrude through the orifice of the grease cup.
When a Grop of this grease falls, ucte tiie tcmperature on the two
thermometers. Record the average dropping temperature. "
2 Consistency of Lubricating Grease and Petrolatum
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hofic potassium hydroxide and 50 mls, of neutral alcohol. Reflut
under a condenser for 1 to 2 hours. Titrate excess alkali with 05N
hydrochloric acid, and calculate the alkali used to saponify the fat to
the corresponding amount of fatty acid.

6. Petrolenm Oil Determination
Evaporate the petroleum ether solution from the neutral fat

determination. Keep it inoven at 110° until constant weight is
obtained. The final weight will be that of the petroleum oil and

any other unsaponifiable matter that may be present.
7. Free Alkali and Free Acid Determination

Weigh about 20 gms. of the grease into. a 250 mls. conical
flask, add 75 mls. of petroleum ether, insert a clean rubber stopper
and shake vigorously to disintegrate the greuse.  Remove the stop-
per, and wash down with a little of the solvent. Add 50 mls. of
neutralized alcohol containing phenolphthalein, and again shake
Mhoroushly. If after settling the lower aleoholic layer is pink, the
arease contains ether free caustic alkali or an alkaline carbonate.

Should the criginul aleoholic tayer not be pink, it is neutral or
contains ires fatty acids. For the determination titrate the warm
solution carefully with 0-5N alcoholic potassium hydroxide. Calcu-
late this determination to free stearic acid, using the factor 0°2843 for
stearic acid.

B. Analysis of various Petroleum Products

Petroleum varies in composition according to its source of
origin. Sulfur is present in most petroleum products.  The main
1 of all crudes consists of saturated hydrocarbons, known as
paraflins. Petroleum from some sources contains substantial amounts
of naphthenes. The analysis conducted are those on the commer-
cial fractions produced by distillation are—

Petroleum naphtha
Gasoline

Kerosene
Lubricating oils
Petroleum

Fuel oil

Paraffin waxes ete.

_ Various  tests discussed are mainly based on ASTM and API
specifications.

1. Distillation of Gasoline, Naphtha, Kerosene and similar
Petroleum Products

This operation is carried out "in the equipment as shown it
the sketch on page 175, the equipment -consists of .a 10C mls-
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Fig. 5
distillation flask rests on two asbestos boards with holes,
placed on a ring stand and heated by a draft shield containing
ventilation holes. ~An accurate thermometer is inserted in the
flask. The side arm of the flask leads to a metal condenser tube
surrounded by a metal bath. The exit end of the tube dips into
a standard 100 mls. graduated cylinder.

Process

Fill the condenser bath with cracked ice and enough
water to cover the condenser tube. Maintain the tempera-
 ture bath at about 38°F.. Swab the condenser tube with a piece of
. cloth attached to a cord to remove any liquid remaining from a
Dprevious test.  Measure 100 mls. sample in an 100 mls, graduated
cylinder at 60°F, and transfer directly to the distillation flask.
Place a thermometer in the neck of the flask, using a_tightly fitting
cork, and adjust so that the low ead of the capillary tube is on a
level with the inside of the bottom of the side arm at its  junction
With the neck of the flask. Place the flask and contents on the
hole of the asbestos board, and insert the side arm into the
condenser tube so that about 2 inches extend into the tube.
Use a tight cork stopper to make the connection. Place a 100 mls.
8raduated cylinder under the outlet of the condense: , SO that the
tube extends at least | inch into the cylinder but not below the
100 mls. mark. Cover the top of the graduate during the distill-
\ation with "2 piece Of Stiff panar ciut on e bn fe atn - ¢ v
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tightly. Apply uniform heat, read the distillation femiperaturé
2 minutes after heat is applid. When the first drop falls from
the end of the condenser, the reading of the _distillation thermo-
meter is recorded as the initial boiling point. This temperature is
indicative of the quality of gasoline. The end point is the maximum
temperature observed on the distillation thermometer and is
usually reached after the bottom of the flask has become dry.
The total volume of the distillate collected in the receiving gradu-
ate is called the recovery.

2. Flash Point Determination

-

i -.

CLEVELAND OPEN-CUP TESTER FOR
RETERMINATION OF FLASH & FIRE POINTS.
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The flash point is defined as the temperature at which it
" gives off just enough vapours to produce a combustible mixture
which will flash over the entire surface of the sample, The flash
point of petroleum products is determined as per ASTM specifi-
cations, in Tag closed tester. Temperature of the oil in the cup
is gradually raised carcfully, after recording initial temperature of
the oil. When the temperature of the oil, is approximately near
' the flash point, test flame is introduced into the vapour space
of the cup, very carefully. Slowly temperature is increased and
various test flames are introduced at regular intervals. Record
the time and oil temperature at “which flash occurs. Average is
taken of various experiments.

5. Free Sulphur and Corrosive Sulphur Compounds Deter-
mination

Various petroleum products al contain sulphur. Doctor’s
solution, which is sodium plumbite indicates whether organic sulfides
are present in the sample. It does not sl vheiher any form of
sulfur is present.

in 1 liter of water. Add 60 gms. of litharge ; and shake vigorously
for about 15 minutes. Allow to settle and decant off the clear liquid.
Keep the solution in a ti
ary before use.

tly stoppered bottle, and refilter if necess-

Process

Take ina test tube 5 mis. of sodium plumbite solution
and 10 mls. of the sample to he tested. Shake it vigorously
for 15 seconds.  Add a small pinch of dry flowers of sulphur, and
shake and allow it to settle.

If the sample is discoloured, or if the yellow colour of the
sulphur film is noticeably marked, the test is positive and condemn
the sample ‘sour’. If the sample remains unchanged in colour, the

i For this test, first dissolve about 125 gms. of sodium hydroxide
’ fest is negative and the sample is “sweet’.

This is a measurc of the amount of unsaturated material
Present in the sample.

As shown in the sketch on page 178, 10 mls. of the sample is
Measured into a Babcock bottle with a standard pipet, at a tempera-
ture of 20°C. Now cool it in ice water for 5 minutes. Add from a gra-~
duate 20 mls. of concentrated suiphuric acid, pouring down the side
of the bottle to prevent splashing. Again cool for 10 minutes in ice
Water, the level of which is above the level of the sample in the bottle.

4. Sulfuric Acid Absorption
| Remove the bottle from the bath, place the glass stopper. previausly
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FAODIFIED BARCCCK ROTTLE FOR
BETERMINATION CF SULPRURIC ACID ‘
10 OF PETROLEUM FRODUCTS ;

Fig. 7
wet with the sulphuric acid, in the botile, and shake violently fof -
1 minute. Add to the bottle, sufficient sulphuric acid to bring the
liquid level almost to the top graduation.  Allow it to stand for
12 hours. Place in a water bath at 21°C for 15 minutes.
sulphuric acid at 20°C to bring the liquid level exactly to the
top of the graduation. Read the scale at the lower surface of the
sogxent, and report the loss as percentage absorbed in sulfuric
acid. :

5. Aniline Point of Petroleum Products
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‘products. Apparatus used for determining aniline point consists a
Pyrex test tube approx. 25 mm. in diameter and 150 mm. in length
and another Pyrex tube approx. 38 mm. in diameter and 175 mm.
in length.

Variable
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APPARATUS FOR DETERMINATION OF ANILINE
VPOINT OF PETRCLEUM PRODU

" Fig. 8
Equipments
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is fitted with an auger-type glass tip, Three aniline point thermometers
graduated as,

—38 to 4-42°C.
25to0 105°C
90 to 170°C

Two 10 mis. pipets, one provided with a suitable rubber bulb
fer handling aniline.

Process

Dry the sample by shaking for about 2 minutes
with anhydrous sodium  sulfaf Clean and dry the apparatus.
Pipet 10 mis. of aniline and 10 mls. of the sample into the jacketed
test tube fitted with stirrer and thermometer. If the material is too
viscous to pipet, weigh a quantity of the sample corresponding to
10 mls. at room temperature in the test tube. Place the thermo-
meter in the test tube at ihe proper level of immersion, making
sure that the bulb does not touch the side of the tube.

Stir the mixture rapidly. Continue stirring, and allow the
mixture to cool slowly. The temperature at which the mixture
becomes cloudy throughout, with the separativa ! ihe aniline and
oil into discernible layers, is the aniline point of the oil. Average of
various tests is taken.

6. Cloud and Pour Foint Determination

The cloud point of a petroleum oil is defined as the temperature
at which paraffin wax or other solid substances begin to crystallize
out, or separate from solution when the oil is chilled under "definite
prescribed conditions. The pour point of a petroleum oil is defined
as the lowest temperature at which the oil will pour ot flow when it
is chilled without disturbance under definite prescribed conditions.
The apparatus used for determining cloud and pour point are shown
in the sketch on page 181.

The apparatus consists of cylindrical glass test jar . A
4 ounce oil sample bottle is suitable for this purpose and IS
most commonly used. The thermometer used is graduated —38
to +50°C for cloud point determination. Thermometer for pour
point determination is graduated —60 to +20°C. The jacket @) is
cither glass or metal. A disk of cork or felt (5) rests on the bottom
of the jacket. The test jar rests on this disk and is centrally locats
in the jacket by a ring gasket (6) which may be of any suitable
material. Pour point and cloud point both are ‘tested on the same

cnmnla
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APPARATUS FOR CLOUD& POUR POINT.

Fig. 9
7. Viscosity Determination
The saybolt universal viscosimeter is used for determining vis-

cosity of petroleum products. It is standardized with respect to the
measurement of viscosity by time of flow from a standardized tube.

Process
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than 9 mm. into the lower end of the air chamber at the bottom of
the oil tube. Pour the oil into the oil tube urtil it ceases to overflow
into the gallery. Keep the oil well stirred with the oil tube thermo-
meter,  Adjust ths bath temperature until the oil temperature s
constant.

After the temperature of the oil has remained constant within
the desired temperature, withdraw the oil twbe thermometer,
insert the withdrawal tube at a point in the galiery, and suck up
the oil until the level is below that in the oil tube proper. Place
the receiving flask under the outlet tube so that the stream of oil
will strike the neck of the flask. Snap the cork from its position, and
at.once start the timer. Stop the timer when the bottom of the meni-
scus of the oil reaches the mark on the neck of the receiving flask.

The time in seconds as so measured, is the saybolt universal
viscosity of theoil at the temperature at which the test is made.

|
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UMION OIL CQLORIMETER FOR COLCR OF
LUBRICATING QILS.

Process Fig. 12

10 gms. of fodine and 20 gms. of potassium iodide is dissolved
in small quantity of water, and dilute to one litre. Make up fre-
quently as the colour deteriorates. Dilute oils with colourless ben
zene. In a similar tube, having the sams cross scction, accurately
measure 1 ml. of the iodine solution, and dilute with water until tb¢
colours in the two tubes match when these are_viewed transverself-
Kerosene and naphthas are matched without dilution. For lubricat"
ing oils a_dilution of 1: 100 with benzene is adopted. Thereis
table for NPA standard, NPA colour and iodinc colour. From (B¢
table this formula is used :

Colour=Milligrams iodine per 100 mls. of water in standaid {




alkylation








