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Car Care - Deposits Inside an Engine
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The buildup of deposits inside an engine can be like a slowly growing cancer: If left unattended, it can gradually rob an engine of its power, fuel efficiency, and ultimately, its driveability. While today's cleaner-burning, more-efficient powerplants are becoming better at controlling deposits, their closer, more critical tolerances can also make them more vulnerable. Fortunately, the ongoing battle against engine deposits is now being waged with stronger, more effective fuel additives that help clean your car's engine while you drive.

Unsightly BuildupEngine deposits are a byproduct of combustion and/or fuel, and therefore the areas that are most susceptible are the combustion chamber and fuel-intake system, which includes the carburetor or fuel injectors, intake runners and ports, and intake valves.

In both carburetors and fuel injectors, fuel is metered through small, carefully calculated orifices. Over time, fuel evaporation and volatilization gradually can cause a buildup of gums and varnishes in these openings, and if left unchecked can block them, restricting fuel flow and compromising engine performance. "The opening of a port fuel injector is about the width of a human hair," notes Tom Mulrane, manager of research and development for STP Products. "So it takes very little deposits to clog them up. Automakers generally agree that as little as 10-percent flow restriction in a single fuel injector can result in hesitation, stumbling, stalling, and loss of power."

Downstream from the injectors or carburetor are the intake valves, which, since the mid-'80s, have become known as another site for deposit problems. BMW was the first auto manufacturer to bring the problem of intake-valve deposits into public awareness. The company's sophisticated, performance-tuned engines were suffering from bouts of hesitation, stumbling, and stalling in the first few minutes of operation, particularly after a car had been parked for a long time. BMW engineers isolated carbonaceous intake-valve deposits as the cause, and soon other manufacturers were discovering their vehicles suffered from the same ailment.

Here's the problem: In many of today's engines, the air-fuel mixture is set as lean as possible to minimize emissions and maximize fuel economy. In these lean conditions, any loss of fuel as it's being injected into the combustion chamber is going to affect performance. Since fuel injectors often spray fuel directly onto the intake valve(s), heat-generated powdery deposits slowly build up on these valves. When the engine is turned off, it cools and over a few hours the deposits on the intake valves dry out. When the engine is restarted, some of the initial fuel sprayed into the combustion chamber clings to or is adsorbed by the cool, dry valve deposits. This creates an even leaner condition, resulting in performance problems at start-up. Once the engine heats up, however, the fuel in the deposits is volatilized and engine operation returns to normal. BMW has found that as little as 100 milligrams of deposits-about the weight of one-third of an aspirin-can result in the observed problems.

A third type of troublesome deposits is found in the combustion chamber. These consist of carbon byproducts produced by the combustion process. While these are not new, some modern engine designs are causing these deposits to manifest new symptoms. An increasingly common way to improve engine efficiency, for instance, has been to reduce the combustion chamber's "squish" area: the space between the top of the piston (at its uppermost position) and the cylinder head. A consequence of this is even if a few millimeters of carbon builds up on the top of the piston and the cylinder head, the deposits could actually contact each other as the piston comes up, causing a rapping sound. "It's called carbon rap," Mulrane says, "and it can sound like a ball-peen hammer hitting against the engine block. As we understand it, some people were actually pulling over to the side of the road and stopping their cars because they thought the engine had thrown a rod or something." According to him, some late-model engines that have proven to be especially susceptible to this are V-6s used in the Chrysler LH models, Ford Probe, Mazda 626, Nissan Maxima, and Toyota Camry.

Combustion-chamber deposits can also raise the octane requirement of the engine, increasing the likelihood of knocking or pinging. Hot spots on the deposits cause premature fuel detonation. Between this and the conventional spark ignition, different flame fronts are created in the chamber and hit against each other. "This is what you're actually hearing as knock and ping," Mulrane notes. Typically, a driver will treat the symptom, not the cause, by moving to a higher-octane fuel, such as from 87 to 89, or 89 to 92. Beyond this, he or she might begin using an on-the-shelf octane booster. All this costs extra money that could be saved by removing the deposits.

There can be a performance drop-off with a higher octane requirement, as well. Many modern high-performance engines, for instance, are recommended to run on 92 octane, yet also can run on lower octane levels by slightly retarding the ignition timing. This happens automatically when the computer detects increased knocking through the engine's knock sensor. "As an engine's ignition timing is retarded, obviously fuel economy and performance are being reduced as well," Mulrane says, "but it is so gradual that the driver may not notice it." In fact, many drivers don't realize there is a performance loss until after the deposits have been treated and they see what they've been missing.

The FixEliminating engine deposits isn't always an easy job, and the deeper they are in the engine, the harder it is. In fact, because of the varying nature of these deposits, chemists' efforts to control them has been an ongoing game; as new symptoms pop up, new chemical solutions must be found. Since the late '50s, carburetor (and later, fuel injector) deposits have been dissolved by chemical detergents such as alkyl succinimides, amino amides, or alkyl amines. Sometimes, these additives were (and still are) blended directly into gasoline at the refinery, although in the past, often only in the higher-priced premium grades. Mulrane points out, though, that, "because of their composition, these chemicals can lead to increased deposits on intake valves."

To combat this, a new class of chemical detergents, polybutene amines, was brought to the forefront because they could clean not only the carburetors, injectors, and intake runners/ports, but also the intake valves. "However, at the level they're used in commercially available gasoline," Mulrane points out, "polybutene amines are thought to lead to increased levels of combustion-chamber deposits."

"Right now," he continues, "the leading-edge technology is polyether amines. These will take care of carburetors, fuel injectors, intake runners and ports, as well as intake valves, and also will either keep the combustion chamber clean or, depending on the level at which they're used, will actually clean up combustion-chamber deposits."
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Today, every time you fill your tank you're helping fight these performance-robbing deposits. As of Jan. 1, 1995, all gasoline suppliers are required by the federal government to provide a minimum level of deposit-fighting additives in their fuel. Prior to this, the use of these types of additives was haphazard. While the major suppliers often added a basic package to all of their grades, others didn't use any whatsoever. "Our estimate," Mulrane notes, "was that 30 to 40 percent of the gasolines were not additized."

Now, all gasoline must meet two industry-standard tests-the BMW intake-valve-deposit test and the Chrysler 2.2-liter port-fuel-injector test-although oil companies are free to use any combination of additives to meet these tests. "We've demonstrated that those additive concentrations and even a little bit higher do not necessarily maintain the fuel-intake system and combustion-chamber cleanliness that they're supposed to," Mulrane says. "Depending on the class of chemicals that are chosen, they can meet the requirements but fail the long-term field test in the sense that some deposits can continue to form."

If a deposit problem becomes noticeable or if a driver wants a greater degree of certainty that the engine is being kept clean, he can turn to an aftermarket additive. However, with a plethora of aftermarket fuel additives on store shelves, a buyer can quickly become bewildered as to which product to buy. Once you know what type of deposit problem you're dealing with, the choice becomes simpler.

For answers, we turned to STP, which markets the best-selling line of fuel additives. One of STP's first products was its Gas Treatment, which originally was formulated as an ongoing maintenance solution for dirty carburetors and general fuel-system care. Today's formula addresses both carburetor and injector deposits, cleans the intake manifold, removes water from the fuel (to prevent gas-line freeze in winter), and reduces intake-valve deposits. "The Gas Treatment can be used every tankful," Mulrane says. "However, most consumers find it more than adequate to use it every other or even every third tankful."

How well does it work? To find out, STP has conducted an extensive series of tests at nationally respected, independent labs (which, as a part of their policy, typically do not allow their names to be used with test results, to avoid the appearance of endorsements). In one test, a BMW 325i was run for 5000 miles with unadditized test fuel, which built up an average of about 185 milligrams of intake-valve deposits (BMW considers 100 milligrams the safe limit). Then the car was run an additional 5000 miles with STP's Gas Treatment added to the same fuel. At the end of this period, the valve deposits had been cut in half to about 90 milligrams.

A 65,000-mile fleet test was also run, using Pontiac Grand Ams with Quad 4 engines. Vehicles running on conventional pump gas averaged almost 700 milligrams of intake-valve deposits; those running on pump gas mixed with the Gas Treatment averaged only about 200 milligrams.

More recently, STP has introduced a Super Concentrated Gas Treatment, which is, as the label says, a more potent version of the original. Mulrane suggests that the Super Concentrated version can be used on a one-time basis to address a noticeable deposit problem in the carburetor, injectors, or intake valves. Then, if necessary, it can be followed up with another dose every 2500 miles, or with the regular Gas Treatment as often as you like.

If a quick fix for carburetor or fuel-injector deposits is desired, STP offers a couple of products dedicated to that purpose: a Fuel Injector & Carburetor Cleaner and Super Concentrated Fuel Injector Cleaner. Meanwhile, a Super Concentrated Intake Valve Cleaner is formulated specifically to address that type of deposit problem. Fuel injector cleanup was tested by an independent lab using Chrysler 2.2-liter turbo engines. The engines were run for the equivalent of 1300 miles with unadditized fuel, after which fuel-flow restriction, due to deposit buildup, varied from about 13 to 48 percent, with an average of about 32 percent for all four injectors. An additional 300 miles of operation-about the equivalent of one tankful of gas-using the same fuel treated with STP's Super Concentrated Fuel Injector Cleaner, brought the average percentage of restriction down to a free-flowing one percent.

STP's latest addition to the line is its Complete Fuel System Cleaner, designed to treat the entire fuel system, including combustion-chamber deposits. "Up until that product," Mulrane says, "we had no product that specifically addressed combustion-chamber deposits. This will not only help to keep combustion chambers clean, it will help reduce combustion-chamber deposits that have already formed. It's a one-time treatment and we recommend that it not be used more frequently than every 4000 miles." One test for this product involved using ten '95 Dodge Intrepids with 3.3-liter V-6 engines, run on a chassis dynamometer to simulate a 10,000-mile BMW drive cycle (an industry-recognized test cycle). After a 500-mile dirty-up period using conventional pump fuel, half the vehicles were treated with STP's Complete Fuel System Cleaner added to one tankful of gas. All the vehicles were then allowed to finish the cycle with no further treatment. The treated engines showed average reductions of about 73 percent in intake-valve deposits and 32 percent in combustion-chamber deposits.

Mulrane notes that test data indicates the Gas Treatment also helps minimize deposit buildup in the combustion chamber and can be used as an ongoing maintenance treatment. It won't, however, clean up existing deposits.

Other manufacturers, of course, also market lines of similar fuel additives, although individual formulas vary between companies.

Spring-Cleaning SuggestionsWith spring almost upon us, many car owners soon will be sprucing up their "pride and joy" for the good driving weather ahead. Want to know what to look for? Here are some suggestions that have worked for us.

Long known for its prestigious, all-natural, concours-quality finish-care products, Zymol now offers an inexpensive version called Zymol Natural Liquid Auto Polish. No silicone bonding or petroleum distillates here: It's made of Brazilian carnauba wax, beeswax, aloe vera, vitamin E, almond meal, and coconut and banana oils. If you think it sounds like a skin moisturizer, just wait until you take a sniff; you'll think you're detailing on a tropical island.

Yes, Mercedes-Benz has entered the finish-care arena, with a collection of products specially formulated by Meguiars. The line consists of seven products to pamper your car's paint, leather, interior, and wheels. They're available individually from Mercedes dealerships or as a kit (suggested retail is $98), which also includes two applicator pads, a bucket skirt to hold the products, and a bucket and lid that can double as a seat.

The Wax Shop has been a longstanding name in the finish-care field and offers an extensive range of products to help get you through your spring spruce-up. The company provides formulas for the care of paint, leather, vinyl, rubber, plastic, bumpers, trim, windows, wheels, and even CDs. We also find its Slick Stuff quick detailer handy for giving a car a speedy shine. A special kit with spiffy red case is available for $99.95

Liquid Glass products are another old standby, relied on by many owners to prep their cars for shows or concours events. While the venerable polish is the core of the line, Liquid Glass also offers a precleaner, wash concentrate, and the company's Connoisseur's Choice products for interior care. For a free sample kit, contact Liquid Glass Enterprises, P.O. Box 1170, Dept. MT, Teaneck, NJ 07666; [image: image8]
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