Marcin Pohl, June 05 2007

Temperature Modeling

At the end of my SD paper I ended up with few formulas that I didn’t even realize how useful they are:
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(there’s also a VE based version of this, but with [image: image10.png]GMVE = VE »—
N



 doing it with GMVE is just less crap to type, and since VOL and R are constants, they really have no impact)
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This is total airflow.  AirMass usually gets expressed per cylinder as all the injector variables are per single injector, thus will derive AirMass of a single cylinder.  That’s why to get total airflow there has to be a multiplication by the number of cylinders.
So combine the first two and you get 
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.  This is good, this allows us to directly arrive at GMVE by a simple rearrangement of [image: image16.png]L
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 right?  Wrong! 
MAP and AFRwb are sensors, so they’re subject to miscalibration, working outside of their intended conditions, etc…

IFR is a function describing fuel flow, which officially depends only on MANVAC, but realistically it’s a function of Manifold Vacuum, Fuel Pressure, Fuel pump voltage, RPMs, and probably some other things I’m not even aware of.  All we can do is to make sure that the fuel system does not run out of its capacity, voltage does not drop, and hope that it creates a fuel flow that’s close to what’s described by the IFR table.  This is a huge assumption, and definitely another area to tackle after we’re done with this one.
IPW is a calculation, a fueling decision made by the computer.  Cannot do much with this one, it is what it is.  
TEMP is the interesting one here, as it depends on IAT, ECT and “Charge Temperature Blending” (EFILive B4901) or “Cylinder Charge Temperature Bias vs Airflow” (HPT) tables.  Since both names are obnoxiously long, I will refer to it as the Bias table, or Bias factor for a single value.

TEMP is the temperature that the computer uses to make fuel decisions.  Since we have an engine (hot body) sitting in air (cold environment) the temperature of the air in the engine is somewhere in between the two.  When warm idling, we have little air moving slowly through a heat soaked engine, so that air is going to be much closer to ECT.  When cruising on the highway there’s a lot more air cooling the engine, as well as the higher RPM force the air to move faster, having less time to soak up the heat from the hot engine around it thus TEMP is closer to IAT.  That’s common sense.  Sir Isaac Newton long time ago noticed a similar relationship and described it as Newton’s Law of Cooling.  He said that the rate at which the temperature is changing is proportional to the difference between the two temperatures involved.  He described it with:
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  r is just a factor that’s to be determined empirically for this particular heat exchange.

Yes, this is a derivative, so whoever said on the forums that ‘there should be no need for calculus in tuning’ feel free to eat your words.  

Ok, so we have an equation for a rate of change in time, but we still don’t have the temperature at the end of that time.  Using some calculus (I’ll spare you details, even though it’s not that bad), we end up with:

[image: image20.png]TEMP(time) = TEMPenv + (TEMPobj — TEMPenv) x e~




e is the base of the natural log
So to get a more realistic grip on this, let’s do a little example:  If your object is starts (time=0) at 83*C and the air around it is 11*C, and in 7 seconds the temperature of the object will drop to 50*C, then we can find find r:
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coefficient for bias curve
So for our example numbers, we get:

R=-Ln((50-11)/(83-11))/7= 0.087586353

What does it mean?  I dunno, it’s just a number describing this particular relationship.  It’s only important because now it’s possible to calculate temperature at any other time using:

TEMP(time)= TEMPenv+(TEMPobj-TEMPenv)*exp(0.087586353*time)

For example, if I place the same object, but this time hotter (TEMPobj=100*C) into a hotter air(TEMPenv=25*C) for 3 seconds (time=3 sec) then the TEMP will be:

TEMP(3)=25+(100-25)*exp(0.087586353*3)=82.67*C   seems reasonable right?

So why did I just spend a page doing basic calc based physics?  Because the temperature model in our computer is the same damn thing!  Engine is the object, Air is the environment, and time is…well, complicated, so here comes another tangent we need to understand before diving into combining all the pieces together.

First we must understand the relationship between RPM and time.  6000RPMs means that in one minute, the crank rotates 6000 times.  One minute is 60 seconds, so in one second it rotates 100 times.  That means it takes 1/100 of a second to make one rotation.  Since this paper talks about 4 stroke engines, we know that two crankshaft rotations are one camshaft rotation (intake, compression, explosion, exhaust), making the cylinder suck up air only every other crankshaft rotation.  Thus, 100 crankshaft rotations in a second means we’re sucking up air only 50 times.  50 intake phases in one second means each phase must last 0.020 seconds (1/50=0.02).  So to put it all together so we can easily convert from RPM to intake phase duration, we get t=1/(RPM/60/2).  For example, intake time at 3000rpm is 1/(1000/60/2)=0.040 seconds.
[image: image27.png]Time







time as a function of RPM

We already know the physics version of how to get at temperature as a function of time:
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physics TEMP
But let’s convert it to a ‘car’ version, what does it mean for us:
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Car TEMP
Now we know how much time we got to heat up each ‘gulp’ of air.  We also have engine temperature (ECT) and air temperature (IAT), so we’re ready to plug in some numbers into our Newton’s Law of Cooling formula.

Let’s say we have ECT of 83*C and the IAT of 11*C, while maintaining 3000RPM.  What temperature will the air have at the end of the intake cycle?

We already calculated the time we have for the air to warm up at 3000RPM:  time=0.040 seconds

TEMP(time)=(ECT-IAT)*exp(-r*time)

TEMP(0.040)=11+(83-11)*exp(-r*0.040)

Of course, we don’t know the constant that describes the cooling process; we have to derive it somehow from the data we can gather.  In the example we did previously, there’s a formula to solve it for, but it needs the TEMP(time=0.040), which we don’t have.  Or do we?
The computer dumps fuel based on the assessment of tables and sensor data.  
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GMVE we know, it’s in the tables, and the rest is just sensor data.  TEMP in this equation is the temperature of the air the computer uses for all the fueling calculations (at the end of intake phase), thus it’s the temperature Temp(time) 
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We need to tweak r in such a way that we get the least discrepancy between TEMPexpected and TEMPobserved across all the data gathered.  This is a textbook case for a linear regression.  The only problem is that the equation we’re tweaking is not exactly linear as r is in an exponent of a natural log base.  So to make it work, we take a natural log of both sides:
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The easiest way to do linear regression with lots and lots of data is to solve it in MatLab as a system of linear equations, so you set it up as 3 arrays:
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Observed= [image: image47.png]



Coefficients= [image: image49.png][r]




In matrix-speak Expected=Observed * Coefficients, and to solve for the Coefficients in MatLab you must do Coefficients= Observed\Expected.  
If you export your logs to Excel, you can set up two extra columns, one for the Expected values, and another for Observed*Coefficients.  For an initial condition, set r to an arbitrary value like 60, and have all the values in that column reference this one cell using the absolute reference.  Third column would consist of the difference between Expected and Observed.  Then take another field, just one and do =sumsq(range of the column with all the differences).  This is going to be your total square error score.  Once you set it up, you can click on Data->Solver and Set Target Date to the =sumsq field, and pick ‘min’ to minimize that score.  For the changing cells, pick the cell with the arbitrary value of r.  Hit solve, and in a short while, the =sumsq field should change to a smaller number than before, and r should contain the optimized value for r creating least errors between expected and observed.
This is NOT a readymade solution to solving the full BIAS table. The main problem is that if the GMVE we used for these calculations above been populated from the VE table, and the number is going to be fixed through the entire range of similar MAP/RPM values (aka VE cell).  We can either treat it as a constant, or do some more within a cell adjustments (afterall VE is a smooth surface, not a stepwise function) but that gets us into the same problems that E38/E67’s ‘no-VE’ approach to airflow description.  That’s a whole different story and a great topic for whole another paper.
This approach works literally for ONE VE cell right now.  To make it work across the full table, we’d have to extract data for a given RPM/MAP range, look up GMVE value, and do the fitting for just that data.  Considering there’s like 340+ VE cells, that’d be a royal PITA.  Automation is pretty much a requirement here, as the manual process would take few days to do one pass.  That’s to come later, I don’t think It’s doable with Excel (any VBA experts?), I’m pretty close to get it full auto with MatLab.
Even if you do it right now, all you’ll get is the r value for one VE cell.  BIAS table is neither in terms of r or VE cells—it’s using airflow and bias values, so they still have to be converted.  Again, more automation to be done later.  This is a proof of concept and request for comments.  I’ll include some screenshots of the setups described above, for now just oogle the data ;)
