Soft ware for TI92 : 

Model of wall film (wetting) 

For port injection system 

In Automotive power train

1.1 Description of the system

1.1.1 Physical description

For the port injection system (indirect injection) When the fuel flow is send to the engine, a part of the fuel is deposited on the manifold and a film of fuel is formed on the internal surface of the manifold: it is the wall film phenomena; an other part is vaporised with the air flow and burned into the cylinder.

In fact into the cylinder the burned fuel come from the previous injection fuel and a part of the previous fuel film. Itself formed by a sliding sum of the previous injection fuel.

In engine speed transient we do take into a count this phenomena to obtain a mixture into the cylinder around the richness 1.

To characterise the vapour part and the film part we observe: the vapour part and the time constant of the sliding average are depending of the coolant temperature at the first order, the engine speed and the air flow in second order. Normally these parameters don’t authorise to make a linear differential equation (differential equation with constant parameter). But a finely approach of the evolution speed of this parameters authorise to consider this evolution constant between two TDC:

The Coolant temperature can be consider constant into the transient

The engine speed has a slow evolution if we compare with the time evolution of the increasing injection-time into the transient

The basic mass fuel is directly proportional to mass air flow and in this case we accept to do an error on the mass airflow between two TDC and consider it is local constant parameter between two TDC.

We observe in starting cold condition a second sliding sum of the fuel film into the cylinder.
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Mathematics description

1.1.1.1 Model of the wall film

The vapour part of the fuel flow is represented by (1-X)* flow fuel, X is ranged (0..1) 

The wall film flow is represented by X*Flow fuel

The delayed vapour fuel is represented by a low pass filter of first order or a sliding average with Z time constant 

The mathematics model is a delayed phase model like this in Laplace transformer
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 With p is Laplace variable
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The numeric solution of this model by the Euler method is:
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The answer of the MFF_CYL when MFF_BASIC do a step is:
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1.1.1.2 Controller of the wall film

· To control this phenomena we calculate the reversal model to obtain an advance phase controller:
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· The numeric solution of this controller by the Euler method is:
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· The answer of the MFF_WF when TI_BASIC do a step is :
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To realise an additive controller to the basic mass fuel, we extract to this formula the MFF_BASk and we obtain a high pass filter at the first order: 

MFF_WFk = (1 - () x MFF_WFk-1 + ( x (MFF_BASICk - MFF_BASICk-1)

With 
( = 1 / (1 + (1-X) x TAU)



( = (TAU + 1) x ( - 1





TAU = Z / delta

This formula is based on the initial value theorem of the z transformer

1.2 How to use the soft ware “wall film”

1.2.1 Input data 
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1.2.2 Output data
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Technique issues

Language : Basic for TI 92

List of  data and program:

WallFilm ( ) program

Cwf : counter data

Swf : Output wall film data

Ewf: input mass fuel data

Suwf = Swf + Ewf

P : parameters







_1054552988.unknown

_1054552990.unknown

_1054555218.doc
[image: image1.png]TIE (s or nasstr

Delta TIB ¢
1% 0o rcm—
Tau (tde>
Conpute b

ECrae







Basic injection time



OR



Mass Fuel







Offset of  injection time 



OR 



Mass fuel







Direct Vaporization percentage 







Time constant in 



Top death cylinder 



Amount







Computation number
















_1054556616.doc
[image: image1.emf]

Wall film Offset







Mass fuel + 



Wall film offset












_1054552991.doc


 Manifold







WALL FILM PHENOMENA











Wall film fuel







Fuel flow







Vapor fuel







Cylinder







Inlet and exhaust valve











Piston












_1054552989

_1054552985.unknown

_1054552986.doc


0







100







200







300







Sample







mg















WALL FILM MODEL







1-X=50%







Z= 2 samples












_1054552983.unknown

_1054552984.unknown

_1054552982.doc


1-X=50%







Z= 2 samples







WALL FILM CONTROLLER















mg







Sample







0







100







200







300







400







500












