Evidence for power increase from a big exhaust.

John_W : 16th January 2005.

The subject of whether or not fitting a big exhaust improves the performance of the Elan has been discussed in many postings. I now have data which confirms that a larger exhaust does enhance performance, and quantify that improvement.

As part of testing early versions of ElanScanMan's Mountain chips I decided to also test the big exhaust theory. This I would do by acquiring ElanScan and rolling road (dyno) datasets for various chips using my completely standard Lotus exhaust (SE, non-catalyst), then acquire corresponding datasets after changing to a 2.25" stainless steel custom-made exhaust. The chips tested were: standard, Kilimanjaro, Everest V3 and Everest V4. Datasets to acquire for comparison were 0-60 runs, 30-70 runs in 3rd gear, and dyno sessions for power & torque.

The initial dataset was acquired in summer 2004 (see the thread "ESM Chips - Performance & discussion" on the Lotus Elan Central Forum under Technical/Upgrades), however there has been a six-month delay in acquiring the "big exhaust" dataset for reasons I won't bore you with. I still do not have "big exhaust" dyno data, and the roads here are permanently damp in winter so I can't do 0-60 runs without wheelspin, however the data from the 30-70 runs are compelling and worth reporting as interim results.

The standard exhaust system on the Elan is made of 2" pipe with an 8" long squashed section over the front frame which takes it down to the equivalent of a 1.75" diameter pipe (I've measured it). There is reportedly another restriction within the silencer (which I have not measured). Larger exhausts commonly fitted are 2.25" or 2.5" diameter.

It is worth noting the cross-sectional areas involved:

· 2" diameter (standard): 3.142 sq in

· flattened section (standard): 2.5 sq in

· 2.25" diameter: 3.976 sq in.

· 2.5" diameter: 4.909 sq in.

Thus the squish loses 20% of the cross-sectional area of the standard exhaust. Therefore, although the 2.25" exhaust only increases cross-sectional area over the standard nominal 2" pipe by 27%, it effectively increases the area over the squished pipe by 60%, and the 2.5" exhaust offers a massive 96% increase over the squished standard pipe. All of this means better breathing.

Most people who have fitted a larger than standard exhaust report a subjective increase in performance. However the only published data have been Philbo's dyno runs before and after fitting his Paul Matty 2-1/2" exhaust; these show "slight loss of power and torque in the midrange but top end is considerably increased, gaining 40bhp and 30 lb/ft of torque, although slightly higher up the rev range than before". 

The basic results are shown on the graph below, and show that using the Everest V3 chip with the 2-1/4” exhaust provides the best performance of the combinations tested. (A close second is the mentally-hairy Everest V4 prototype chip with the standard exhaust, but I have too much respect for my car to test that with the big exhaust - I hope it has been destroyed using a wooden stake through the heart). 

Note that I have not tested the latest versions of the chips (to compare like with like I have retained the early versions from the initial trials, keeping as many things as possible the same to minimise the variables). I would expect an improvement in acceleration and driving performance with the latest chips, however not much extra power or torque except at the top end.

Fuller results are in a PowerPoint file "PowerPoint presentation of 30-70 runs showing chip and exhaust comparisons" which can be downloaded from the "Graphs" section of: http://www.asnu59.dsl.pipex.com/elan%20page.htm
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Comments on the analysis are as follows:

· Several (up to 11) 30 to 70 runs in 3rd gear were made for each configuration (chip and exhaust size combination) and one or two chosen as being representative (to simplify data manipulation).

· Using the standard chip with the standard exhaust gives an ultimate boost of 0.6 bar, well-controlled and constant. 

· The standard chip with the 2.25” exhaust shows incipient "boost-creep" above this 0.6 bar level after 5 secs full-throttle acceleration.  (Doug’s 2.5" exhaust shows the same effect when using a standard chip and no mbc). 

· Linear graphs of Elanscan data for 30-70 runs using different chips are difficult to compare and interpret as the lines are very irregular owing to noisy data. 

· To derive linear relationships which can easily be compared, a technique of plotting the Elanscan data as points (rather than lines) and drawing a best-fit line through these points has been used. A straight line regression gives excellent correlation (R2  of 0.99) and allows the characteristics of different chip/exhaust configurations to be clearly differentiated. (Only data points above 3000 RPM are plotted to avoid introducing non-linearity, as under 2900 RPM the chip is not actively controlling the BSV and thus boost.)

· Runs using the 2-1/4” exhaust show better acceleration than the equivalent chip using the standard exhaust (for both standard & Everest chips).

· The incipient boost creep observed with the standard chip and 2-1/4” exhaust is absent using the Everest with the big exhaust. (Doug’s car confirms this effect).

· The "notchiness" of the boost curves seen at 56 mph (2900 RPM) in these development chips has been resolved by using better boost control parameters for production Mountain chips, which apparently give much smoother and more responsive boost delivery (I have not yet tested them).

· The standard chip run with the 2-1/4” exhaust overlies the trend of the Everest V3 run with the standard exhaust. (This does not mean that fitting a big exhaust generally gives as much performance increase as an Everest chip; it is only true in this specific controlled test. For normal driving the Everest gives a greater advantage, and the exhaust enhances it.)

· The Everest V3 run with the 2-1/4” exhaust overlies the trend of the mentally-hairy Everest V4 prototype chip with the standard exhaust. This implies that greater performance is to be expected from the production version of the latest Everest chip (a tamed-down V4) than is shown in this analysis. (I must get one!). 

· The Everest V3 with the 2-1/4” exhaust gives the best performance of the combinations tested. Dyno runs are proposed but have not yet been done.

· The Everest V3 boost falls off after 6 seconds of full throttle. This may be a sign of the turbo running out of puff as its delivery limits are reached, but there may be other explanations. 

· The following table compares typical values of parameter for the Everest V3 runs performed: 


Boost
Wastegate duty cycle
Injector duty cycle
Pulse width
Elanscan Power

Standard exhaust
0.88 - 0.92
76%
82%
19 mS
120 hp

2.25" exhaust
0.88 - 0.92
66%
91%
19.8 mS
120 hp

