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0. ABSTRACT

The two major  abnormal combustion processes are Knock and Surface. Knock in

S.I. engines is very significant phenomenon as it severely affects the life and performance

of the engines.  The basic cause of  'knock',  the high  pitched metallic  noise,  is  the  auto

ignition  of  the charge  left  ahead  of  the  advancing flame  front .  Due  to auto  ignition

propagation of  pressure  waves  of  high  amplitude  takes place, which leaves resonating

combustion  chamber. They can  even cause engine damage due to high temperatures and

pressures. Two theories are proposed which try to give the cause of origin of knock. They

are  the Auto ignition  theory and the Detonation theory.  The other abnormal combustion

phenomenon is  'Surface Ignition'.  It is the ignition of  charge by hot spots, if it is before

spark  plug ignites  the charge  (pre-ignition) and  if  after then  (post-ignition).  Different

surface  ignition phenomenon are wild  ping,  run on, run away, rumble, etc. Pre-ignition

is  potentially the most damaging surface ignition  phenomenon. It  usually occurs  due to

spark plug and combustion chamber deposits  Due to which piston seizure, destruction of

piston rings  etc. occurs.  Knock can be prevented by many ways, e.g. by retarding spark

timing, by using high Octane rated fuel etc.

ABNORMAL COMBUSTION PROCESSES

KNOCK and SURFACE IGNITION in S.I. ENGINES

 1. INTODUCTION

                           In Internal combustion engines, abnormal combustion is a significant phenomenon associated  with  the  combustion  processes  on  which  the  life  and  performance  of the engine  depends.  The two important abnormal combustion phenomenon are 1. KNOCK and  2. SURFACE IGNITION. These abnormal combustion phenomenon are of concern because (1) when severe, they can cause major engine damage; and (2) even if not severe, they are regarded as an objectionable source of noise by the engine.

2  KNOCK
               Knock is the most important abnormal combustion phenomenon. It important because it puts a limit  on the compression ratio at which an engine can be operated ,which in turn controls  the  efficiency  and  to  some  extent  power  output.  Its  got  the name “Knock” because of the noise  that  results  from  the  auto  ignition  of a portion of fuel air mixture ahead  of  the  advancing flame. As the spark is ignited there is a formation of flame front and it starts propagating. As the flame propagates  across  the combustion chamber, speed of  flame  front  is  about  15-30 m/s ;  the unburned  charge  ahead of the flame called the END GAS  is  compressed,  raising  its  pressure,  temperature  and   density.  In  case  of abnormal combustion the end gas fuel air mixture undergo fast chemical reactions, which results  in  auto  ignition  prior  to  normal  combustion  (i.e.  the  flame front reaching it). During  auto  ignition a  large portion of  end gas releases its chemical energy rapidly and spontaneously at a rate 5 to 25 times as in case of  normal combustion. This  spontaneous ignition  of  the  End gas  raises  the  pressure  very  rapidly  and  causes  high  frequency oscillations  inside  the cylinder resulting in a high pitched metallic noise characterized as KNOCK.  During this knocking  phenomenon  pressure  waves  of very large amplitudes propagate  across  the  combustion chamber  and  very  high  local pressures are produced which  are  as  high  as  150 to 200 bars .  Local  5%  of  the  total  charge is sufficient to produce a very violent serve knock. The velocity reached during knock is of the order of 300 to 1000 m\s.

      Basically knock depends on the outcome of shorter of two different process (i.e.

least time taken by one of the two process) they are:

1. The advancing flame front grabbing all the fuel air mixture.

2.  The pre combustion  reaction  in  the  unburned  end  gas. The  time  taken in this 

      preparative phase of auto ignition (i.e. pre combustion reaction) is called               “Ignition delay". Knock  will  not occur if the ignition delay is so long that the flame front consumes all the end gas and auto ignition takes place i.e. normal combustion occurs. Knock will occur if the pre combustion reaction produce auto ignition before the flame front arrives. Auto  ignition  when  occurs repeatedly, the phenomenon is called “Spark Knock" .Spark knock  is  controllable  by  spark advance: advancing the spark increases the knock intensity and retarding the spark decreases the knock.

   3. CHARACTERISTICS OF KNOCK :

· Knock  in  S.I. engine  generally  occurs  at  the end of combustion process during 

     which  the  end  gas  charge  is  trapped between the advancing flame front and the

     engine. Cylinder periphery.

· Knock primary occurs under wide  open  throttle  operating  condition  thus  it  is a direct constrain on engine performance.

· It also constrains engine efficiency, as it  limits  the  temp  and pressure of the end 

      gas and thus limits the compression ratio of the engine

· The  impact  of knock depends  on  its  intensity  and  duration . If  knock  is short 

      duration usually called "Acceleration Knock" it is unlikely to cause damage. But 

      “Constant Speed Knock" however can lead to engine damage.

    4. KNOCK FUNDAMENTALS THORIES OF DETONATION

There  is  no complete fundamental explanation of knock phenomenon even today. 

But is accepted that knock occurs due to high rapid release of energy contained in the end gas ahead of the advancing  flame front resulting in high local pressure. The non-pressure distribution in the cylinder causes pressure\shock waves to propagate across the chamber ,which may cause chamber to resonate at its natural frequency .The analysis of knock phenomenon by high-speed cinematography has lead in the advancement of two theories to explain the origin of knock     

1- The Auto Ignition Theory and 2- The Detonation Theory.

· The Auto Ignition Theory

Auto  ignition  is  the term used for a rapid combustion reaction, which is not initiated

by any external ignition source. When the fuel air mixer in end gas region is compressed to sufficiently high temp and pressure the fuel oxidation process begins. The auto ignition does  not  start  immediately as  the  self-ignition temp  is reached, some  ignition delay is required  in  which the pre flame  reaction  takes  place  after which a rapid energy occurs spontaneously in the  end gas region.

· The Detonation theory

In the auto ignition theory it is assumed that the fuel velocity is normal before the  on 

       set of auto ignition. But the detonation theory states that under  knocking                    conditions,  the advancing  flame  front  accelerates  to sonic velocity and consumes  the End gas at a rate much  faster than in case of normal flame speeds.

                       The Detonation theory has led many to call knock "Detonation". But there is much less evidence  to  support   the   detonation  theory  than  the  auto  ignition  theory  as  the initiating process.

                              Most recent  evidence indicates that knock originates with the spontaneous or auto ignition of one more local  regions  within  the  end  gas.  Thus the auto ignition theory is most widely accepted.

   5. SURFACE IGNITION

          The other important abnormal combustion phenomenon is surface ignition. Surface

ignition  is  ignition  of  fuel  air  charge  by overheated valves or spark plugs, by glowing

combustion   chamber  deposits,  or  by  any  other  hot  spot  in  the  engine   combustion  chamber.  It  is  the  initiation  of  flame  front  by  a hot surface other than the spark plug.

Mostly surface ignition is due to carbon deposits.

Surface ignition may occur before  the spark  plug  ignites  the charge (pre ignition) or after normal ignition (post ignition). It may produce a single flame or multiple  flames. Uncontrolled combustion is most  evident  and  the  results  are  most  severe  in  case  of pre ignition.  Surface ignition  may  also  cause  knock . As due surface ignition  there is a rapid and  high  rise  of  pressure  and  temperature  than  in  case  of  normal combustion because the flame either starts propagating sooner, or it does from more than one sources, which likely results in Knocking.

Knocking  is  also  an  outcome  of  Surface  ignition. To  identify  whether surface

ignition causes knock or not,  the  term  "knocking surface ignition" and "non-knocking
surface ignition" are used. Knocking  surface ignition  usually occurs due  to  pre ignition caused by glowing combustion chamber deposits and can't be controlled  by 

retarding the spark timing since  knock  is  not  due  to  spark  ignited  flame. While  the  non-knocking surface ignition occurs late in the operating cycle.

           Different surface ignition phenomenon are wild ping, run on, run away, rumble, etc.

           Knocking surface ignition may give rise to "Wild Ping” and non-knocking surface

ignition  to "Rumble". While both knocking and non-knocking surface ignition may give

rise to "Run-On" and "Run-Away".
Wild Ping

Wild  ping  is  a  variation  of  knocking  surface  ignition,  which  produces  sharp cracking noise  in  bursts. Probably  it results from early ignition of the fuel air mixture in the  combustion  chamber  by  glowing  loose  deposit  particles. It  disappears  when  the particles  are   exhausted   and   reappears   when   fresh   particles  break  loose  from  the combustion chamber surfaces.

Rumble

Rumble is  a  relatively  stable low  frequency  noise  (600-1200 Hz)  phenomenon

associated  with  deposit -caused  surface ignition in high compression ratio engines. The

pressure rises rapidly to a high value and resulting in engine vibration. Rumble and knock

can occur together.

Run-on

Run-on  occurs  when  the  fuel  air mixture within the cylinder continues to ignite

when  the  ignition  system  is  switched  off. During  run-on the engine usually produces

knock like noises. It is probably caused by  the compression ignition of  fuel  air  mixture

(assisted by surface ignition).

Run-away

Run-away  is  surface  ignition  which  occurs  earlier  and earlier in the cycle. It is

usually caused by overheated sparkplugs or valves. It the most destructive type of surface

ignitions which may lead to disastrous results—seizure or melting of piston or the engine

catching fire. It can lead to serious overheating and structural damage to the engine.

*************FIGURE

6. PRE-IGNITION 

As  discussed  earlier, pre ignition is the phenomenon of surface ignition before the passage of spark. The usual cause is an overheated spot, which  ay  occur at spark plugs, combustion chamber deposits, or exhaust valves. Mostly it is due to spark plug. Exhaust valve  usually  run hot  and sometimes when there is increase in heat load for these valves there will be  an  increase  in  the  temperature  and  may  cause  pre ignition. Heat transfer principles  indicate  that  the  surface  o f  the  deposits  is  hotter than the metal surface to which the deposits  are  attached. Hence, sufficient  deposits result in hot enough surfaces to cause pre ignition.

Pre ignition  is  potentially  the  most  damaging  surface ignition phenomenon. The effect of pre ignition is same as very advanced ignition timing. Any process that  advances the  start  of  combustion  that  gives  maximum  torque will  cause  higher  heat  rejection because of the increased burned gas pressures and temperatures (due to the negative work done during  the  compression  stroke). Higher  heat  rejection  causes higher temperature components  thus  the  pre ignition  damage  is  largely thermal which is evidenced by the fusion of spark plugs, piston and destruction of piston rings.

7. ENGINE DAMAGE DUE TO KNOCKING AND SURFACE  IGNITION

The  engine  can  be  damaged  by  knock  in  different  ways : Piston ring sticking,

Breakage of Piston rings and lands. Failure of Cylinder head gasket. Cylinder head erosion, Piston crown and top land erosion. Piston melting and holing.

When the knock is heavy (high pressure pulses up to 180 atm in the frequency range of 5 to 10 kHz) substantial additional heat is transferred to combustion chamber resulting in overheating of cylinder head and piston, which can lead to failure of engine in minutes (seizing of piston and rings in bore, erosion of piston crown).

Engine failure because pre ignition results from the increase in temperature and pressure which may cause actual melting of part of piston head or the destruction of piston rings and lands as well as the top of Piston.

8. FACTORS HELPFUL TO REDUCE KNOCKING

Temperature Factors :

• Reducing the compression ratio.

• Retarding the spark timing.

• Reducing pressure at inlet manifold by throttling.

• Water injection: Reduces flame temperature & increases delay period.

 
   Injection of water could be up to 50% of the fuel supplied.

· Time Factors :

• Reducing cylinder and combustion chamber wall temperature.

• Reducing Coolant temperature.

• Decreasing Flame travel distance (more compact combustion  chamber

• Increasing the Turbulence of the mixture. (It depends on the design of the combustion chamber and the engine speed).

• Reducing the size of engine. (Compact combustion chamber).

• Location of spark plug: Either centrally located or by using two or more spark plugs.

• Material and surface condition: Material with high heat conductivity such as aluminum alloys. Highly polished surfaces must be avoided, they tend to cause knocking more readily than those coated with light carbon deposit.

•Using a shrouded intake valve, which causes an air swirl around the cylinder axis.

· Composition Of Fuel :

• Octane rating of fuel: the lower the self-ignition temperature of fuel greater is the to knock. Octane number is the measure of resistance to knock. Higher the octane number, lesser is the tendency to Knock.

• Humidity: As the atmospheric humidity increases the tendency of the fuel to knock decreases as decreases the reaction time.

• Anti-Knock Agents: antiknock agents are the substances which go into the solution with the fuel and decreases the rate at which the pre flame chain reactions increase under favorable conditions. This delays the spontaneous ignition of the end gas until the spark initiates the flame. Thus the anti-knock agents retard the progress of normal pre flame reactions and reduce or eliminate the combustion knock in Spark-Ignition engines.
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