Intercooler design notes, as posted on www.mk3oc.com

Intercooler design 



For those of us who are building Astra 3's with LET's in, I thought you guys might benefit from some of my technical insight into Intercooler design. Ill update this thread every now and again with a new aspect of charge air cooling but for this first post, lets have a look at ....

Core design

There are two types of Intercooler cores in common circulation today...

Plate and shell

Easily recognisable, look down the end of your inlet pipe and if you see....
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...then you have a plate style intercooler core. 

Extruded core

I bit more fiddly, look down the end of your inlet pipe and if you see....


...then you have a plate style intercooler core. 

Extruded core

I bit more fiddly, look down the end of your inlet pipe and if you see....
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...then you have an extruded core intercooler.

Which is better?

Extruded by miles, without question. 

Plate style intercoolers are ok for Honda civics boosting round California making about 5psi (any more boost would blow the lambo doors off) but start talking 10/15/20 PSI you might as well not have it at all. The reason for this is two fold...

1) Because of the ease of which the charge air passes through the cooler, it doesn’t stay in the core long enough to cool down sufficiently. Its a bit like holding your hand under a tap (when its burnt) for 0.5 seconds, then holding it under there for 3 seconds.

2) Because of the chunky style of the core, it tends to store any heat that is removed from the charge air as it passes through.

Extruded cores get around these two problems like so...

1) The extruded core disturbs the airflow sufficiently to slow it down and increase the length of time it takes to get across the intercooler. Before any one shouts LAAAAAAG! We are only talking about micro seconds here and is not noticeable… but it makes a hell of a difference to the charge air temp.

2) The thin core and heat exchanger set up works very well and is able to disperse lots more heat. Remember, heat can only escape through outer facing surfaces, the more of them you have, the more heat escapes.

This diagram illustrates my point better :
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Now you may have been brought up to believe that turbulent air is hot and is bad for flow but you can clearly see in this example, that turbulating the air flow before it gets to the intercooler core is sooooo much better. Besides, the diagram above only illustrates what happens when the air first gets to the core. Half a second later and what’s called the "Venturi" effect takes over and sucks the air in through the extruded core but keeps the air speed down so as to maintain a high efficiency.

There is of course one fly in the Extruded core ointment..... Price. Most (about 99%) of the universal E-bay intercoolers going for around the £100 mark are of a plate and shell design. The equivalent Extruded core would be around £180 (for arguments sake) but in my estimation, can you put a price on something that works???

Intercooler positioning notes, as posted on www.mk3oc.com
Intercooler Positioning 



Positioning

The position of an intercooler can be a very critical factor and when testing out different locations, other things need to be taken into account.

Standard position

As a general rule, the standard position is normally the best. Most manufacturers will have done the hard work for you and will sell you a car that already has (over the naturally aspirated version) revised radiator mounts etc to accommodate an Intercooler. Thus they have decided that for the level of performance that the car leaves the factory with, the standard position is fine. 

The stock LET Intercooler is in a prime location with nothing obscuring its front facing and it in turn is not blocking anything else. It does leave a little to be desired on the size however, but that’s a topic for another time.

Top deck intercooler Vs Front mount Intercooler

Now this is going to appear a little strange but hang in there.... The top deck intercoolers as found on most Subrau's and Sunny GTiR's are not actually that bad.

"What!!! You mad man! Everyone knows they heat soak in traffic!!!"

That is true, very true, but this on its own is by no means a reason to dispose of them. Thing is about Subaru's and Pulsar's is that they have huge bonnet scoops for directing lots of cold air on to the Intercooler whilst the car is travelling along, no heat soak here of course.

When the car is stationary for a while, it will of course build up heat and common theory tells us that the car will start to detonate if left for too long in the sun (so to speak).

Well, again this isn’t exactly 100% true. Both Subrau's and Pulsar's have air temp sensors in the inlet manifold (or similar location) which detect the temperature of the air entering the engine, the sensor then tells the ECU to adjust the ignition timing accordingly to AVOID detonation. Of course, whilst stationary or slow moving your turbo is creating little or no boost so the need for an intercooler is pretty low at this level. Of course once the car starts to move and make boost, you need the intercooler back to a high level of efficiency. At this stage, the bonnet scoop starts working again and everyone is happy.

The downside is that there is a brief period between stationary and speed that the I/C stays warm (the afore mentioned heat soak), not in itself a huge problem as the air temp sensor is on hand to correct anything below about 3.5k rpm IE Pull away.

The two other advantages of a top deck I/C are :

1) Short boost circuit. Very few hoses between the Turbo-I/C-Throttle (ever seen a samco kit for an imprezza??? Its just a collection of short joining pieces for about £40) make for fast spool up times and rapid acceleration.

2) Its not blocking the rad.........

Which lead us nicely onto.......

The Front Mounted Intercooler. The term "Front mount" is anything that is mounted at the front of the car. The stock LET intercooler is at the front but is rarely called a FMIC so for the moment, lets just focus on the Intercoolers that cover a much wider surface of the front of the car.

Dealing with LET specifics here for the moment, a FMIC can and does give performance benefits over the stock I/C. This is down to more frontal facing of the intercooler and a more efficient than stock core (re-read the notes about extruded cores and your there). 

When ever you want to tune a turbocharged car, a more efficient intercooler is always the first place to start and this is where front mount I/C's really come into their own. They are considerably more efficient then Top deck's and of course, have the added fashion bonus behind meshed bumpers etc. FMIC's do suffer from heat soak as well (albeit at a lower level then a top deck) when stationary, but as with a top deck, once moving again the cold wind blows and everything's cool.

In summary (without dawdling on the subject for too long)...

A top deck is fine for stock use, but tuning a car requires a more efficient I/C which will generally result in a FMIC

There is of course (as always) a fly in the FMIC ointment. The radiator.

A large FMIC will probably block off anything up to 80% of the air flowing into the rad (car dependant) and any air that gets to the rad through the cooler will probably be very warm. A colleague recently tested a FMIC on an R5 GTT. A I/C exit air temp of 52oC was a good result. A water temp touching 106oC was not!

In summary :-

"When buying/fitting/designing an Inter cooler system for your car, it is imperative to take into account the demands on fresh air supply from other components. Power steering coolers, Oil coolers, Automatic gear oil coolers, Air-con rads and of course water rads all have to have their demands met, other wise you could find your engine suffering not from detonation (your new I/C has that covered), but from a blown gearbox or hot coolant heating the cylinder head causing gasket failure."

Charge Cooling notes, as posted on www.mk3oc.com
Charge cooling 



Those of you who know me from Mig and in real life will be aware of my fondness for all things Charge cooled so before we kick off lets just consider some numbers....

Clio sport 172....
300bhp, 290lbft of torque....
0-60 (less then 5 if we could ever get it to grip)
Top speed of 160 (GPS proven on the Autobahn)....
Uses just 12psi and a Charge cooler....

Still interested? Read on....

"So what makes a Charge cooler so much better then an I/C then?"

Well for a start, water is 14 times more efficient at removing heat then normal air is. If it wasn’t, we would all still be driving round in air cooled cars with cheap engines rather then expensive water cooled ones would we not?
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Here you can see water and air flowing through the cores (and yes they are extruded) to lower the air temp.

"So why don’t manufacturers use them?"

Some do, some don’t. Remember, Accountants build cars, not engineers. Charge coolers are comparatively more expensive then an Intercooler to implement on a vehicle so when building a car for a masse market, the manufacturer must build the car as cheap as possible. Take the LET for example. A crap intercooler from stock, but adequate enough to do the job and be cheap so as not to make the Cavalier turbo to expensive for it to sell. 

There are of course times when the accountants allow a charge cooler. Its normally on those models that are In high demand and will fly off the dealer forecourts regardless of price. Models include :- The Focus RS, Escort Cosworth, Lotus Carlton, 90% of all turbo charged Lotus and Bentley cars. No dealer ever had a problem selling any of them, but what they also have in common is a high boost level from the factory, the Focus RS for example, runs 1 bar of boost compared to the Cavalier turbo's comparatively puny 7psi average between peak and hold. In this example there is sufficient public demand for the car to warrant the extra cost and the car's power output demands a charge cooler. Voila! The planets align and everyone is happy.

“Ah yes but the Japanese Don’t use them on their super cars!”

Errrr they do actually. The Toyota Celica GT4 ST205 produces very high boost and bhp figures from the factory. As it was a limited edition car, Toyota was able to justify the price increase an a Charge cooler in the same way that Vauxhall did with the Lotus Carlton as mentioned above.

“Yeah, but 1000 hp skylines don’t use them!”

Would these be the one’s on the cover of Max Power? Enough said…..

"So how come they aren’t used in Motor sport then?"

Well they used to be. Dig through the old Grp.B rallying archives and you'll be hard pushed to find a turbocharged beast that doesn’t use a charge cooler. Unfortunately when Grp.B was outlawed, Rallying officials also outlawed a number of technical solutions (such as charge coolers) and introduced new power restrictors (such as the famous 34mm turbo restrictor we have in today's WRC). F1 used to have Charge coolers as well. Renault achieved a peak of 1500BHP from a 1.5 Turbo charged SOHC engine on a charge cooler. 
Unfortunately as times progressed, financial interests conflicted in motor sport (Bernie eccleston being their chief) and ruled that the cars should slow down, probably to encourage more sponsorship money, punters had more time to read the slogans as the cars whizzed by.



In Short...
Charge Coolers have been outlawed in professional motor sport for being too good.
...quite a claim to fame.

"So how do they deal with heat soak then?"

Much better then Intercoolers that’s for certain. An intercooler works fine if its moving along constantly, hence their popularity on the racing circuit, but when was the last time you came across a set of traffic lights and brands hatch? Remember that water is 14 times more efficient then air, so it stands to reason that it will take around 14 times longer for heat soak to start making any difference to the car.

To test this theory, a colleague dove a Clio Turbo back from Donnington after the show one year. It was nailed pretty hard down the various motorways and carriageways and through out the whole two hour journey, rarely did the Speedo dip below 100mph. When we got home he let the car idle for 10 minutes, lifted the bonnet and WHOOOOSH! It was like opening a Kiln! The rocker cover was too hot to touch but the charge cooler that is mounted less then 15cms away?........ Put your hand in the freezer and that’s what it felt like.

I’ve heard that the heat exchangers normally sold in the kits are waaaaay to small?"

Popular myth this one. A lot of people seem convinced that bigger is better but the reality is, bigger normally doesn’t make any difference at all. 


Remember boy's its not how big it is, but what you do with it!

Remember that water is 14 times more efficient then air, Hence you only need a heat exchanger a fraction of the size to get the same level of efficiency. I’m not saying that if you increase your stock intercooler by a factor of 14 it will be exactly the same, it’s not quite as precise as that. The point is that you can use a much smaller heat exchanger then you would have given credit too.
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In this example. The Charge cooler itself is around the size of a shoe box. The heat exchanger can clearly be seen in top left, its about the size of a Frontera front mount Inter cooler, but is much thinner (more on why in a later post). This is the same kit that propels BB’s Clio's to the figures that I mentioned at the start.

"Clio's! Pah! French rubbish! How does this work on my Vauxhall?"

Glad you asked. Because BB use a very sophisticated and detailed engine management system on their cars, they get very good results from very low boost levels but the secret to their success does lie with the charge cooler. 

I am yet to see a Charge cooler allow air temps go over 42oC and in most cases will dip below 32oC.

Because we know that our air temp is never more then 42oC, we can write a map onto the ECU for that air temp. That way, when its colder its a bonus for power but if we suddenly have a heat wave outside, its irrelevant as the air temp wont go over 42oC. It’s a bit like planning for the worst-case scenario, and by doing this it allows us to keep fuel maps and ignition maps at very high optimum settings for maximum power.

Where intercoolers let them selves down in this scenario is that they of course are less efficient on warmer days and the air temp differences can vary wildly. Anyone mapping their ECU for an intercooler will have to allow for the possibility of air temps touching 60oC which means "playing it safe" with fuel and Ignition maps. This generally means sacrificing power for the sake of reliability when it comes to the "stop-start" traffic scenario around town. Do it the other way round and..... well..... I’m sure you can imagine.
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Have a look at this Mk3 Astra LET. Not the charge cooler in the bottom right of the picture. In this case, the Inter cooler was removed completely to make way for just the charge cooler running on its own. The owner had historically used larger and larger front mounts on his car, until a new turbo forced him to re-think through lack of space. He is now quoted as being glad he got rid of the front mount! The charge cooler made such a difference, it’s a shame he didn’t do it years ago!



Q&A’s, as posted on www.mk3oc.com
Q&A’s 



“Can u use an intercooler on a naturally aspirated car to keep it running cool???”

In a Word, NO. A N/A car uses the pistons to "draw" air in from the outside. As the piston travels down the cylinder (on the "Suck" cycle) it pulls air in from the outside world, which has to travel through throttle body and inlet valve. N/A tuning revolves almost solely around this principle. Over boring or bigger engines have more draw, throttle bodies maximise the most of the "piston draw" by being less of a restriction then a single throttle body and thus allowing more air in. Putting an intercooler into the equation is going to cause problems. A N/A 2.0 engine isn’t going to have sufficient "piston draw" to suck enough air through the intercooler in order to run properly. In fact, it might not even draw enough into start the engine! Secondly to this, the air mass meter on the XE (which I’m guessing your referring to) doesn’t like being moved around, certainly not to the extent that an Intercooler would require.


“But basically what are the benefits of using a charge cooler only system over an normal inter cooler? Surely it doesn't draw in as much cold air as the IC would being in that position?”


Well an Intercooler doesn’t draw in cold air either. What you’re thinking of is the huge size of the forward facing intercooler, and associating size with performance. Best advice I can give is to throw that thought (size = performance) into the nearest bin.

As mentioned in the CC post, Water is 14 times more efficient then air at cooling (hence why we have water cooled engines). It therefore stands to reason the 1/14 water cools as efficiently as X sized intercooler. Given that the Charge cooler core sizes (when layed next to each other) are about 1/3 the size of a good FMIC, this particular CC is theoretically several times bigger then it needs to be but in reality, is just about right (its all getting a bit like the Matrix now isn’t it. lol). Biggest benefit of a CC only system is that water is alot easier to keep cold then air and stays colder for longer. Here, reductions in inlet temp massively increased performance. 


