
F I E L D  S T U D Y

AMSOIL P.i.: 
A Study in Performance

Provides up to 5.7% better fuel economy.
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In response to Environmental Protection Agency (EPA) fuel economy and emissions regulations, fuel injection 
systems replaced carburetors in new vehicles in the 1980s. Fuel injectors allow more precise control of fuel 

-

parts per million (ppm) of additive.

The low levels of detergent additives in modern gasoline allow deposits to build up on critical fuel system 
components, and most motorists are unaware of how dirty the insides of their engines are. AMSOIL P.i. Per-

have built up over thousands of miles. Removing engine deposits with P.i. effectively improves fuel economy, 
reduces emissions, restores power, performance and acceleration, reduces octane requirements, increases 
engine life and reduces maintenance costs.

Port Fuel Injectors
Port fuel injectors transfer liquid gasoline from the 

stream, increasing surface area and allowing the 
gasoline to evaporate into a gaseous state as it 
enters the engine. There are two types of port fuel 
injectors: pintle and director plate.

Pintle Style Injectors 
Pintle style fuel injectors feature a pintle-shaped 
spray tip that produces a hollow cone of spray, at 

Picture A

Picture A, as well as Pictures B and C (on the next page), show the spray pat-
terns of a dirty injector and the same injector cleaned with P.i. Picture C shows an 

place. When deposits start to build up on an injector’s pintle, the spray pattern 
Picture B, a steady stream of liquid gasoline. In order to burn properly, gasoline must evapo-

Director Plate Injectors
While pintle style fuel injectors were common in the 1980s, 
modern vehicles feature director plate injectors that control 

number of holes, pressure drop across the wafer forms the 
spray of fuel through the holes. The more holes that are in 

holes are added to a director plate design, they must be 
made increasingly smaller in order to maintain the pressure 
drop. Twelve-hole wafers are common on modern vehicles, 

levels. Of course, they must be clean and functioning properly 

plate injectors lead to reduced fuel spray and heavy streams 
of liquid gasoline that do not allow adequate evaporation, 
leading to reduced fuel economy, increased emissions and 

 
 

 

Picture A

The spray pattern 
on the right shows 

the P.i.-treated 
injector.
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oxygen sensor in the exhaust stream is able to calculate how much gasoline the 
injectors are spraying, as well as the air/fuel ratio. Although vehicles are usually equipped with many fuel 
injectors (one per cylinder), only one oxygen sensor monitors them all. Through the oxygen sensor, the com-
puter is able to determine if the engine is receiving the right amount of fuel. Deposit build-up on the injectors 

-
tures (inboard cylinders typically run hotter) and individual manufacturing tolerances.

 
injectors at uneven rates, and the engine cannot compensate for individual cylinders. For example, a four-
cylinder engine could have two plugged injectors, while the other two may only be mildly plugged or not 
plugged at all. The oxygen sensor indicates to the computer that the engine is not receiving enough fuel,  
so it increases the fuel supply to all four cylinders. Now the two injectors that were plugged are providing 
more fuel, but it still may not be enough, while the two injectors that weren’t plugged are providing more fuel 
than necessary. As a result, it creates a situation where two cylinders are running rich and the other two are 
running lean. Removing port fuel injector deposits allows the engine to operate as it was designed, improving 
fuel economy, lowering emissions and contributing to improved drivability (reduced stumbling, stalling,  
hesitation and rough idle) and increased power.

Port Fuel Injector Deposit  
Clean-Up Test

Test was performed to test the fuel injector 
cleaning power of AMSOIL P.i. Performance 
Improver. Starting with a new, clean four-

particularly sensitive to injector deposits), 
the car was driven and allowed to build up 

-
line. Afterwards, deposit levels and injector 

not develop deposits at the same rate, as 
two of the injectors were fouled >15%, one 
was fouled >10% and one was almost per-
fectly clean. After the measurements were 

of gas treated with P.i. As seen in Graph A, 

Whether deposits have built up over a relatively low number of miles, as in the test, or they have accumulated 

issues usually build up slowly over time, motorists often attribute the decreased performance to the increased 

Picture B - Injector spray pattern before P.i. treatment Picture C - Injector spray pattern after P.i. treatment

As more holes are added 
to director plate designs, 

they must be made 
increasingly smaller 
in order to maintain 
the pressure drop.
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Graph A

Two of the four dirty injectors tested were fouled >15% and 
another was fouled >10%. After one tank of operation on 



Page 4

Intake Valves

then it closes, sealing off the combustion chamber for combustion and building up pressure in the cylinder. 

Intake Valve Deposits

quantity in nearly every vehicle on the road. 
While some vehicles run trouble-free with a 
small amount of deposits, other vehicles are 
more sensitive to them, especially modern 
vehicles. The deposits tend to build up on 

absorbs fuel. The computer tells the injectors 
how much fuel to spray, but instead of it all 
entering the combustion chamber, a portion 
of it becomes trapped in the deposits. Thus, 
the combustion chamber has the correct 

-
tion chamber. 

to open the valve, it has trouble closing it. Modern 
vehicles often use lighter spring valves for fuel 

enough spring tension to pull the valves closed in 

cause metals to contract and expand at different 
rates, tolerances get smaller, while viscous depos-

Picture D shows a dirty, deposit-covered valve, 
while Picture E shows the same valve cleaned 
with P.i. The dirty valve leaves an undulating 

absorbs a portion of the fuel sprayed by the  
injector, while the clean valve contributes to im-
proved fuel economy, lower emissions, better  
drivability and maximum power. 

and post-combustion, and a great deal of it enters the 

of the engine. It can go up the stem, into the guide and 
out to the coolant passages; it can go through the valve 
seat itself, into the head and into the coolant passages 

evaporates and contributes to the combustion process. 

this heat transfer and force the heat to go out through the 

Picture D
before P.i. treatment

Picture E
after P.i. treatment
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BMW Valve Deposit Study

deposits in the late 1980s due to drivability 
problems with its vehicles, including stumbling, 
stalling, rough idle and hesitation. A study on 
valve deposits showed dirty valves were the 
source of the problems (Graph B indicates that 
as valve deposits increased, drivability prob-
lems increased), and the company invested 
a great deal of time and effort searching for 
solutions, trying everything from polishing the 
valve surfaces to using ceramic-coated valves. 

additive to the gasoline.

Intake Valve Deposit Clean-Up Test

demonstrates its superior deposit-cleaning abilities. 
The test focused on randomly selected model 

-

-

The red bars on Graph C represent the pre-treat-

represent the deposit levels after P.i. treatment, 

minimal pre-treatment deposit levels cleaned up 
very well, showing an average 89 percent clean-
up, with the Toyota Corolla showing 98 percent 
deposit clean-up.

Combustion Chambers
The combustion chamber is where fuel 

hottest location in the engine and the most 

timing is very important in gasoline engines. 
-

ops maximum pressure once the piston has 
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AMSOIL P.i. averaged 72% intake valve deposit cleanup 
across a wide range of engine types and sizes, with two cars 

cleaning up greater than 90%.
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Combustion Chamber Deposits

combustion chamber deposits are present in some quantity in nearly every vehicle on the road. When allowed 

octane gasoline that resists ignition in the presence of the secondary ignition source (octane number require-
ment increase). The second remedy is to remove the secondary ignition source by removing the deposits.  
Removal of the secondary ignition source eliminates the need for higher octane gasoline, saving fuel expenses 
by allowing motorists to switch to less expensive lower octane gasoline.

Combustion chamber deposits also create a problem called combustion chamber deposit interference. In 
order to meet emission standards, many modern vehicles are designed to burn everything in the combus-
tion chamber. To do so, the outside edges of the pistons are higher than the centers so that during the end 

very close to the cylinder head, large enough layers of deposits on both the cylinder head and piston top in 
an engine with tight tolerances can cause 
the piston to physically hit the cylinder 
head, creating a loud metallic banging 
sound, a problem particularly evident at 
cold startup.

A third problem attributed to combustion 

chamber deposits are usually the driest 
of engine deposits due to the hot 
environments in the combustion chamber, 
and they are very susceptible to humidity. 
When humidity enters the cylinder, it 

The problem is that not all the deposits 

remain on the valve seat when the valve 
closes, holding the exhaust valve open 
slightly and leading to lost compression, 

hydrocarbon emissions and a possible 
burned exhaust valve. To avoid this 
problem, it is necessary to clean combus-
tion chamber deposits, ensuring they don’t 

Pictures F and G show a dirty, deposit-covered combustion chamber and piston, while Pictures H and I 
show the same combustion chamber and piston cleaned with P.i.

Combustion Chamber Deposit  
Clean-Up Test

Graph D indicate the 
piston top and cylinder deposit levels of each test 
vehicle prior to P.i. treatment, while the light blue and 

of operation on P.i.-treated gasoline. Every vehicle 

enough to remedy the octane number requirement 
increase, combustion chamber deposit interference 

associated with combustion chamber deposits.

Picture F - Combustion 
chamber before P.i. treatment

Picture H - Combustion 
chamber after P.i. treatment

Picture G - Piston before 
P.i. treatment

Picture I - Piston after 
P.i. treatment

Graph D

AMSOIL P.i. averaged 46% combustion chamber deposit  
cleanup across a wide range of engine types and sizes,  

with four cars cleaning up greater than 50%.

Test Method: Motored Dyno D5500 Type Road Simulation Cycle
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Fuel Economy Test
A primary concern for many motorists is fuel econo-

combustion chamber deposits effectively improves a 
vehicle’s fuel economy.

dynamometer before and after P.i. treatment, measur-
ing each vehicle’s fuel economy numbers according to 
the same method mandated by the federal govern-
ment and used by auto manufacturers to determine 
vehicle fuel economy ratings. The blue bars on  
Graph E indicate pre-treatment fuel economy 
numbers. The red bars indicate fuel economy 

experienced the largest fuel economy increases after treatment, indicating that even minimal levels of deposits 

are among the most sensitive to deposits.

Gasoline Direct Injection (GDI)
-

engines, gasoline is injected directly into the combustion chamber under very high pressures, similar to how 
diesel engines operate. This results in better control of the air-fuel mixture, allowing greater power, torque and 

for their increased production. First, today’s injector systems are computer-controlled and capable of deliver-

-

-

contains powerful detergents that clean deposits that 
form in combustion chambers and on fuel injectors, 
improving fuel economy and reducing emissions.

GDI Clean-Up Test
To determine its cleaning power, AMSOIL P.i. Per form-

four fuel injectors were tested to determine baseline 
Graph F, clean-up using P.i. 

all four injectors was observed following use of P.i. 

Graph E
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•  Increases fuel economy 

•  Reduces emissions and helps vehicles pass emission tests

•  Avoids necessity of expensive injector cleaning services

•  Reduces engine octane requirement, saving money at the pump

• •  

Contact your AMSOIL Dealer for more information on AMSOIL products or to place an order. You may also 
 

 
Referral #_________________________________

• Avo

• ReRedd

Picture J - Carburetor plates before P.i. treatment Picture K - Carburetor plates after P.i. treatment

Carbureted Engines
Although modern vehicle models are equipped with fuel injection systems, there are still a number of older and classic carbu-

as it cleans the components of a fuel injection system.

Picture J shows dirty, 
deposit-covered  
carburetor plates,  
while Picture K shows 
the same carburetor 
plates cleaned with P.i.

Recommendations

Safe for use with catalytic converters, oxygen sensors, oxygenated gas and 10% ethanol blended gas. Not recommended for 
two-cycle engines.


