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1. PURPCSE. This advisory circular (AC) provides guidance naterial and
information relating to detonation testing for reciprocating aircraft engines.
The nethods presented in this AC are not necessarily applicable to engimes
using al cohol or alcohol/gasoline type fuels. Guidance contained in this AC
does not constitute a regulation and, therefore, is not mandatory.
Additionally, it is not necessarily the only nmeans of show ng conpliance with
applicable airworthiness requirenents.

2. RELATED FAR SECTIONS. FAR Part 33, Section 33.47,, and CAR Part 13,
Section 13.133.

3 BACKGROUND. This AC, relating to engine certification substantiation
procedures, 1S intended to assist in establishing uniformty in the
certification process and in thepre—centdiffiicediiosn t est pl anni ng by defini ng
certain terms and procedures which may be of assistance in neeting the related
regul ations. AC 23.909-1,, Installation of Turbochargers in Small Airplanes

wi th Reciprocating Engines, nmay be of further assistance.

4. DEFXNITIONS.

a. Detonation. The spontaneous conbustion of an unburned charge which
occurs ahead of the flame front after normal ignition. Frequency and severity
of detonation is defined as follows:

5-9 flashes/mnute = incipient detonation; 10-20 flashes/minute =
limting detonation.

b. Preignition. The uncontrolled ignition of a charge prior to the
occurrence of normal ignition.

c. Turbocharger. Any exhaust gas-driven device that is added to or part
of a reciprocating engine. This definition applies to:

(1) Engi nes turbonormalized having a turbocharger that naintains
approximately sea level nmanifold pressure to a critical altitude.

(2) Engi nes turbosupercharged having a turbocharger thatprovi des a
mani fol d pressure greater than that of a normally aspirated engine at sea
I evel conditions and nmaintains this pressure to B critical altitude.
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d.. Supercharged Engine. An engine having a nechanical air-charging
device (conpressor) that provides a manifold pressure equal or greater than
that of a normally aspirated engine at sea level conditions and maintains this
mani fold pressure to a critical altitude.

e. Intercooler. - Any device installed in the engine induction air system
at the exit of turbocharger or supercharger conpressor intended to reduce the
tenperature of air conpressed by the turbocharger

f. Fuel Mxture Runs. - A series of fuel mixture response curves run at

vari ous powers and speeds to deternine an operating envel ope free of
det onati on.

x Rated Takeoff Power. The approved brake horsepower that is devel oped
statrcally under standard sea |evel conditions within the engine epefaftiig

limtations established under Part 33, and linmted in use to periods of not
over 5 mnutes of operation

h. Takeoff Power. - The brake horsepower that is devel oped under standard
sea level conditions, and under the nmaxi mum conditions of crankshaft
rotational speed and engine manifold pressure approved for the nornal takeoff,

and limted in continuous use to the period of time shown in the approved
engine specification

i. Critical Altitude. The maxinmum altitude at which, in standard
atnosphere, it is possible to naintain at a specified rotational speed, a
specified power, or a specified manifold pressure. Unless otherw se stated
the critical altitude is the maxinumaltitude at which it is possible to
maintain, at the maxi mum continuous rotational speed, one of the follow ng:

(1) The maxi mum continuous power, in the case of engines for which
this power rating is the sane at sea level and at the rated altitude.

(2) The maxi mum continuous rated manifold pressure, in the case of
engi nes, the maxi mum continuous power of which is governed by a constant
mani fold pressure

&5 Standard Atnosphere. - A hypothetical vertical distribution of
tenperature, pressure, and density in the atnosphere used for instrunent
calibrations and aircraft performance calculations. The current standard was
adopted, by international agreenent, in 1962 by the U S. Committee on
Extension to the Standard Atnosphere. The U.S. standard has been adopted bv
the International G vil Aeronautical Organization (ICAQ) up to 105,000 feet:

km Standard Sea Level Conditions. - The value of tenperature,
pressure, and dengﬁty ag sea level in the standard atnosphere.

(tenperature = 59 °F (15°C»” pressure = 29.92 in. Hg, densiitty = 0.002376%
st ugs/ft3)..
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1. Standard Hot Day. = The hypothetical vertical temperatwre variation in
the atnosphere starting at a sea level tenperature of 1 ‘F‘(SQ_WQQ) and
havi ng the sane lapse rate (up to 36,089 ft)) as the standard atnosphere. The
specified sea level pressure for a hot day is the sane as for a standard day.

5. RELATIONSH P TO ENG NE CERTI FI CATI ON PROCEDURES

a. The detonation nmargin ofreciprocating airplane engines at various
power settings is related primarily to induction air inlet tenperature and
pressure, cylinder head tenperature, engine exhaust back pressure, ignition
timng, fuel grade, fuel flow, carburetor or injector metering
characteristics, conpression ratio, and cooling margins. G her features, such
as cylinder conbustion chanber design, induction system design and
distribution, are also involved to a |esser degree. Changes to design
features for purpose of neeting the detonation margin, such as cofipressiem

ratio, ignition tinmng, and fuel metering and endurance characteristiks my
requi re te-certiiffiicattiioon of an engi ne.

b. The addition of a turbocharger to an engine not certified with it or a
change in the engine turbocharger of a certified conbination may affect
det onation nargin. If the original margin is small, unsatisfactory detonation

characteristics may result. Turbocharging can al so be expected to have an
effect on induction system distribution.

em For a turbocharged engine, induction air tenperature may becone
critical at altitude because of the increased conpression of air required.
The turbocharger speed will also increase with altitude because increased
turbi ne wheel speed is necessary to achieve the required pressure ratio to
maintain manifold pressure. |f detonation characteristics are unsatisfactory,.
changes of one or nore of the other primary factors nay be necessary to
restore detonation margins. Refer to AC 23.909-1,, Installation of
Turbochargers in Snall Airplanes with Reciprocating Engines, for additiona
gui dance with turbocharged applications.

d. A detonation survey must be perforned for the approval of a
turbocharged engine installed in an airframe to verify that the detonation
margins are still within acceptable linmts and that the installation has not
caused any detrinental effect related to detonation

e. \Wenever a power or performance increase is requested (i.e.
"turbocharged installation, higher manifold pressure, higher induction

tenperature, intercooler installation) a satisfactory detonation survey nust
be perforned prior to approval

6.. DETONATION TEST

The detonation tests are intended to denponstrate that there is a
satisfactory margin against the occurrence of detonation for the nbst critica

operating conditions to be approved for the engine as installed in an
aircraft.
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The detonation test should be specified to cover power settings throughout
the entire operating envel ope using fuel of mninumspecified octane. The
usual nethod of doing thisis to take successive power readings with the
m xture | eaned out progressively to the point of incipient detonation or where
the engine cuts out. Intake air tenperatures for detonation testing should
account for the heat rise requirenents for induction systemicing protection
During the tests the engine should be operated with intake air at a
tenperature which conplies with the intended class of aircraft preheated
regul ator requirenments. For fuel injected engines, the intake air tenperature
shoul d be commensurate with hot day condition. At least one cylinder should

be within 168F of the maxi mum perni ssi bl e tenperature value for cylinder head
and cylinder barrel. (See also b., bel ow)

Detonation testing shoul d address the follow ng considerations over the
operating range for which engine approval is sought. In addition to sea |eve
testing, sufficient altitude or sinmulated altitude testing should be conducted
for turbocharged or supercharged engines to verify freedom from detonation
with an appropriate nargin for safety.

a. The detonation survey should consist of a series of fuel mixture runs
and be made with oil inlet tenperatures within plus or mnus 10°F of liniting
tenmperatures. The induction air tenperature should be held to mnus zero of
that specified for a standard hot day at the particular altitude in question

b.. Cylinder head tenperature should be maintained by regulating the
cooling air differential pressure at the start of each fuel nmixture control
run in such a manner that the peak tempgtatum@ reached by the hottest cylinder
during leaning will be not nore than 10 befow the maxi mum specified engine

limt. Tpe tenperature of all other cylinder heads should be naintained
within 50 F of the hottest cylinder

c. Detonation tests should define detonation characteristics throughout
the operating envelope, including takeoff power and engine RPM (if
applicable), rated power and engine RPM -and high and |ow cruise powers. |t
nmay be necessary to run tests at powers between high and low cruise to
determne the maxi mum power setting at which detonation free operation exists
during fuel mxture leaning. Care nust be exercised to hold speed and power
as close to the desired values as possible while | eaning out the fuel mxture.

Detonatrtiom testing based on eval uation of the maxi mum tenperature cylinder
only is not acceptable

d. For naturally aspirated and single speed geared supercharged engi nes,
the data should be taken at sea level pressure altitude. For turbocharged
engi nes or engi nes using turbochargers and nechani cal superchargers, the data
shoul d be obtained throughout the engine operating envelope. If an
intercooler is used, then the induction ‘sir should be controlled to the
mexi mum perm ssi bl e tenperature at each power setting and altitude
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e. The detonation tendencies should be observed by standard iaberatery
nethods. The fuel mixture should be varied fromfull-rich to either limiting
detonation, nmaximum allowabl e turbocharger tenperature, best econony m xture,
or power instability. Mipimum fuel m xture margin should be 12 percent above
limting detonation. It is also necessary to show that the |eanest fuel/air
ratio allowable for the fuel netering device used is 12 percent richer than
limting detonation. The engine should not denpbnstrate any detonation
characteristics at the mninumfuel flow specified for any operating
condition. Engine power settings through the engine operating envel ope should
be tested to verify establishment of adequate detonation margins. The engine
shoul d not denonstrate limting detonation at fuel flows down to 12 percent
| eaner than the mninum fuel flow reconmended by the engine fuel flow chart.

f. In order to obtain certification to permt the use of a |lower grade

fuel, a satisfactory detonation test nmust be conpleted with the [ ower grade
fuell..

7. TEST FUEL. A sanple of fuel used during testing should be submtted to an
approved or acceptable independent testing facility for analysis. The fuel
shoul d be anal yzed in conparison with the properties specified for the fuel
type approved for use with the engine. The specified properties will normally
be detailed in either the Anerican Society for Testing and Materials (ASTM
Dgh0 for aviation fuel, or ASTM D439 for autonotive fuel. The test fuel
shoul d be controlled to the low end of the octane rating.

8. TEST EQUI PMENT Test equi pnent should normally include the ability to
measure the follow ng paraneters:

a. Tenperatures
Cylinder Head (for each cylinder)
I nduction Air
Turbocharger Conpressor Inlet (if applicable)
Turbocharger Conpressor Qutlet (if applicable)
Intercooler Air Qutlet (if applicable)
Engine G| Tenperature
Qutside Air Tenperature
Tur bocharger Turbine Inlet

b. Pressures
Manifold (inlet and exhaust)
Engine Q|

¢. Qher Paraneters
Engi ne Power (Torqueneter or calibrated engine)
Engi ne Speed (RPM
Fuel Flow
Det onation -
(1) Pick-ups - Magmefresiudidtiisn or piezeellecivdic type
(one for each cylinder)
(2) Read out device - Oscilloscope or other read out with
appropriate switching capability that has
denonstrated satisfactory results in the past.
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NOTES

@ Prior to testing, all instrunentation nust be calibrated and the engine
magneto timng checked and reset if out of limts. Cylinder conpression
shoul d al so be checked and be within limts.

0 Detonation pick ups must be matched as a set for sensitivity.

o Detonation equi pnent nust be rechecked continually for proper timing, gain
setting, and varying pick up sensitivity.



