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Piston Engine Water Injection –
Why it is Used and How it Works

• BACKGROUND
– AT HIGH POWER, COMBUSTION CHAMBERS APPROACH 4,500 OF
– AT THESE CONDITIONS FUEL CAN BURN WITH EXLOSIVE VIOLENCE AT 

THE WRONG TIME IN THE CYCLE, MELTING PISTONS
– THIS IS KNOWN AS “DETONATION”, WHICH CANNOT BE TOLLERATED

• INSIPIENT DETONATION IN ENGINES IS AN AUDIBLE “KNOCK”
– SEVERAL METHODS ARE USED TO INHIBIT DETONATION

• ANTIKNOCK ADDITIVES OF FUEL SUCH AS AROMATICS (TOLUENE), 
TETRAETHYL LEAD (2,2,3-Trimethylbutane), TRIPTANE, MMT/CI2 
(Methylcyclopentadienal Manganese Tricarbolyl; 24.4% Mn by weight), AND 
OTHERS THAT STABALIZE AND CONTROL REACTION RATE

• WATER-ALCOHOL INJECTION IS A VERY POWERFUL AND SIMPLE WAY TO:
– LOWER CHARGE AND COMBUSTION TEMPERATURES
– SLOW FLAME FRONT SPEED AND LOWER RATE OF PRESSURE INCREASE
– EXTEND TIME OF BURNING AND REACTION RATE
– ALLOW ENGINES TO GO TO HIGHER POWER BEFORE ONSET OF DETONATION

– WATER-ALCOHOL MIXTURE (ADI) IS INJECTED ALONG WITH FUEL INTO 
SUPERCHARGER INLET

• THOROUGHLY MIXES IN COMPRESSOR
• HOPEFULLY ENTERS EACH CYLINDER AS UNIFORM MIXTURE















GENERAL WATER INJECTION SYSTEM ISSUES
(Con’t)

• WHAT HAPPENS WHEN THE SYSTEM IS ACTIVATED?
– “ADI” FLUID PUMP IN ADI TANK COMES ON, PUMPS TO REGULATOR
– “ADI” FLUID PRESSURE IN REGULATOR SENDS PRESSURE SIGNAL TO 

VALVE IN CARBURETOR THAT REDUCES FUEL FLOW (DERICHMENT), 
APPROACHES “BEST POWER” F/A RATIO (0.08:1)

– “ADI” FLUID METERED THROUGH WATER REGULATOR INTO SUPER-
CHARGER, REMOVES SOME OF THE HEAT OF COMPRESSION

• DETONATION TENDENCY IS SUPPRESSED
• P&W ENGINES MIX ADI WITH FUEL, INJECT THROUGH SINGLE NOZZLE
• OTHER ENGINES USE SEPARATE FUEL AND ADI NOZZLES

– AMOUNT OF “ADI” IS CONTROLLED BY PRESSURE FROM CARBURETOR “D” 
CHAMBER ACTING ON REGULATOR METERING VALVE

– “D” CHAMBER PRESSURE INCREASES WITH HIGHER POWER SETTINGS, 
INCREASING FUEL FLOW AND THEREBY ADI FLOW





GENERAL WATER INJECTION SYSTEM ISSUES
(Con’t)

• WHAT HAPPENS WHEN THE SYSTEM IS ACTIVATED (Con’t)?
– JET IN REGULATOR (2 IN R-2800 UNIT) METER ADI FLOW 

SIMILAR TO WAY CARBURETOR JETS METER FUEL TO ENGINE.
– ADI PRESSURE GAUGE IN COCKPIT, NEED 22 – 28 psig FOR 

PROPER ATOMIZATION AND OPERATION
– COCKPIT INDUCTION TEMPERATURE GAUGE (CHARGE 

TEMPERATURE) SHOULD BE 80 – 90oC (176 – 194oF) TO INSURE 
NO DETONATION.  REGULATOR JETS ARE EASILY SIZED TO 
PROVIDE PROPER RANGE

– SIGNIFICANT POWER INCREASES CAN BE OBTAINED WITH 
WATER INJECTION WHEN HIGH PERFORMANCE FUEL IS USED.

• 115/145 FUEL SHOULD BE ADEQUATE FOR RACING AT TAKEOFF OR 
“WAR EMERGENCY POWER”, BUT HIGHER “RACE” POWER 
REQUIRES SPECIAL ADDITATIVES TO GIVE PERFORMANCE NUMBER 
OF 170


































	AIRCRAFT PISTON ENGINE WATER INJECTION SYSTEMSBY PETER LAW
	Pete Law at Reno
	Piston Engine Water Injection – Why it is Used and How it Works
	GENERAL WATER INJECTION SYSTEM ISSUES (Con’t)
	GENERAL WATER INJECTION SYSTEM ISSUES (Con’t)

