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1. SCOPE:

This SAE Aerospace Standard (AS) covers internal combustion heat exchanger type heaters used in
the following applications:

a. Cabin heating (all occupied regions and windshield heating)

b. Wing and empennage anti-icing

c. Engine and 4
d. Aircraft de-ic
1.1 Purpose:

This documen
internal combu

utilization of heaters in fixed and rotary wing aircraft. This, standard is to be consid

applicable and
industry. This s
use and is apq

The requireme
primary functig

Preparation of
Systems.

2. REFERENCES:

There are no ref

3. DEFINITION:

ccessory heating (when heater is installed as part of the aircraft)

ng

stion heaters and certain auxiliary devices thatare considered nece

necessarily subject to revision from timeé 1o time due to advances in

n is transporting passengers or cargo.

erenced-publications specified herein.

details the minimum safety, performance, design, and testing requirements for

ssary for the

red currently

the aircraft

tandard is based on practical engineering requirements for aircraft heaters currently in
licable to aircraft heaters that shall\bé developed to meet future requirements.

nts of this standard are primarily intended to be applicable to civil aircraft whose

this standard was spensored by SAE Committee AC-9, Aircraft Environmental

An internal combustion heat exchanger type heater is one that utilizes the heat produced by
combustion of a fuel within the heater for the purpose of heating air being supplied to various aircraft

systems.
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4. GENERAL REQUIREMENTS:

4.1

4.2

Heater Components:

An internal combustion type heater shall include:

Combustio

n chamber and heat exchanger assembly

Casing or shroud for combustion chamber and heat exchanger assembly

Igniter
Burner
Ventilating
Ventilating
Combustio
Exhaust ol
Fuel inlet
Fuel drain

T S@mea0oT

A typical instal
Figure 1. Heat|

Accessories:

There are sev
heater and sh4
separately or g
devices, but ol

The following accessories are'\discussed to the extent that they are relevant to hez

air inlet
air outlet
n air inlet
tlet

5)

ation of an internal combustion heat exchanger type aircraft heater
er components and accessories are identified in the figure.

bral accessory devices considered necessary to the safety and perf
ll be covered in that respect’by this standard. These devices may b
s part of the heater. This-standard does not cover all tests necessa
nly those relevant to the heater.

is shown in

brmance of the
e furnished
'y on these

ter design and

operation:
a. Fuel System: Thefuel system supplies fuel to the heater at the correct pressure, temperature,
and flow rdte. Cemponents included in the heater fuel system are as follows:
1. Fuel nozzlerestrictororifice - or equivalent
2. Fuel shutoff valve
3. Fuelfilter
4. Fuel pressure regulator
5. Fuel pump
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FIGURE 1 - Typical Aircraft Installation, Internal Combustion Heater
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4.2 (Continued):

b. Spark Ignition System: The spark ignition system uses aircraft electrical power to generate a high

temperature electric discharge across an air gap within the combustion chamber of the heater.
Components of the spark ignition system include:

1. Device

to provide high voltage power

High-voltage ignition lead assembly or equivalent electrical linkage between high voltage

device

Heater
resista

Air Supply

ified by the procurlng agency

and spark plug

5 with output ratings of 11,700 W (40,000 Btu/h) or less mayquse an
Nce wire as an ignition source.

(usually referred to as ventilation air) to be heated and distributed for various a

System: The air supply system provides both air for the combustion

ethod shall be

blectrically heated

process and air
rcraft uses. Major

devices of the air supply system include:

1. Combudstion air blower

2. Combustion air inlet scoop

3. Ventilation blower

4. Safety device(s) to hold off fuel to the heater in the event of insufficient combustion airflow or
excessjve ventilation air discharge temperature.

Temperatufe Control System: The heater shall be supplied with a temperature|control system to

maintain the desired heater downstream temperature. In a typical installation, three thermostats

are used tg control heater operation.

1. A cabirn

2. A cycling switch located-on or just downstream of the heater that limits heg

temper
3. Anove

Safety Cor
the heater.

or compartmentthermostat that is usually adjustable

ature
rheat switch, located on the heater, that prevents overheating

trols{_Heater controls must be provided to prevent hazardous or un
Unsafe conditions include excessive heat exchanger temperature,

combustio

h _~ir

completacombuction-of-thafual and incufficiant MEF

ter air discharge

safe operation of
nsufficient

tn crinnort
AT U ou r.IrJ\JI L UVIIIH'\JL\I CUTTIVUOJUTUTT UT uaiv TuvTl, Udrivd immiouiliiuiviiu vo

tilating airflow.

Heater accessories that may be installed to prevent unsafe operating conditions include:

PO

A thermostat to sense heat exchanger temperature

A device to sense combustion airflow or inlet pressure

A thermostat to sense excessive downstream air temperature
A device that senses heater ventilating air pressure differential
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4.3

4.4

441

442

443

4.4.4

445

446

4.5

Materials and Workmanship:

The heater and auxiliary equipment shall be constructed throughout of materials that are considered
acceptable for the particular use intended and shall be made and furnished with a degree, uniformity
and grade of workmanship generally accepted in the aircraft industry.

Design Features:

The design ghall be such as to preclude the possibility of discharging harmful concentration of
carbon monagxide or other combustion products into the ventilating air stream.\S¢e 6.2.2.2.

Where specified, the design shall be such as to preclude the excessive-loss of pressurized
fuselage air.|See 6.2.7 and 6.2.8.

The design ghall include protection against excessive radio interference as specified by the
procuring agency.

The design ghall include protection against overheating that may arise from lack|of sufficient
ventilating aifflow through the heater. See 6.2.10.6.

The design ghall be such as to preclude harmfuléffects on construction or perfomance due to
aircraft induged vibration. See 6.2.9.

The design ghall be such that the life of the heater and accompanying devices shall be comparable
to other similar airframe components.and accessories. See 6.2.10.

Heater Identification:

The following minimum information shall be legibly and permanently marked on thg heater or on a
nameplate attgched thereto:

Manufacturer’s.Name or Trademark or both
Manufacturers Part Number

Manufacturer's Serial Number

Rated Output (Btu/h or W)

Type of Fuel

Rated Fuel Pressure (Ibf/in? (gage) or kPa gage)
Electrical Characteristics

Specification Number

Approvals: unpressurized cabin, pressurized cabin, wing or others (may be abbreviated, for
example, Unpr. Cabin, Press. Cabin)

j- Minimum Fuel Temperature

TTQ@Tmea0oT
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4.6 Preventive Maintenance:

4.7

5. DETAIL REQUIH

5.1

The heater manufacturer shall specify the preventive maintenance requirements necessary to
ensure the continued airworthiness of the heater throughout the useful life of the heater. A heater
maintenance manual shall be provided by the manufacturer and shall contain a separate section
titled "Airworthiness Limitations". This section shall contain inspection times, inspection intervals,
and related procedures necessary for continued airworthiness. The heater components and related
accessories addressed in the "Airworthiness Limitations" section shall consist of, as a minimum, the

following:

Combusti
Fuel Pres

Fuel Pump
Safety Cor

~oo0oTw®

Aircraft Installz
This documen
particular aircr
aircraft should

a. FAR 25.86
b. FAR 25.86

The heater ins
manufacturer.

Rating Conditi

Fuel Nozzle

Chamber/Heat Exchanger Integrity
ure Regulator

trols

Ignition System

tion:

is primarily intended to specify heaterdesign requirements irrespe
aft installation. However, it should be“emphasized that the heater ins
comply with applicable Federal-Aviation Regulations including:

D Combustion Heater Fire Rrotection
3 Flammable Fluid Fire Rrotection

tallation should also comply with the fire safety criteria specified by

REMENTS:

DNS;

ctive of the
tallation within the

he airplane

Heater shall deliver rated output as specified by manufacturer at the following con

Rated fuel
Rated sea
Ventilating
Ventilating

~oao0oTw

Sea level ambient pressure
Specified type of fuel

flow, pressure, and temperature

level combustion air flow rate and temperature
air temperature rise of 139 °C (250 °F)

air inlet at ambient pressure and temperature

ditions:



https://saenorm.com/api/?name=564be4ddd6d6ad166d91a6c32b957059

SAE AS8040 Revision A

5.2 Air Supply:

5.2.1

The heater ventilating and combustion air inlet and outlet ports shall be sized to provide the

minimum possible pressure loss consistent with the aircraft system and installation requirements.

522

made automatically inoperative. See 6.2.10.6.

5.2.3 The combus

5.3 Fuel Supply:

5.3.1 The fuel sup
by 5.1.
5.3.2 The fuel line

prevent any

adequate pryq

5.3.3
without igniti

5.3.4 All fuel lines

flexibility is r

eliminate thg
employ soldg

(2000 °F) fla

5.3.5 All gaskets,

gasoline and
from initial lo

kerosene to

5.3.6

A fuel drain ¢
chamber anq

When sufficient combustion or ventilating air for safe operation is not available, the heater shall be

ion air and ventilating air inlets on the heater shall be separated fro

blied shall be aviation-grade gasoline or aviation-grade kefosene, or

5 and fittings under pressure in the heater shall‘be enclosed in such
fuel leakage from entering the ventilating air stream, and the enclos
pvision for draining the combustion chamberto a fuel drain fitting.

putlet shall be provided to prevent accumulation of liquid fuel in the

ng.

in the heater shall be constructed of steel or other fire-resistant mat
bquired in these lines, flexible fire-resistant coupled hose assemblie
possibility of using hese clamp connections. Connections in metal

r or other relatively)low-melting-point materials which cannot withst
me.

synthetic rubber seals, etc., shall be suitable for use with no lead or
kerosene fuels and shall be satisfactory for use at the temperature
w starting temperature limit of -54 °C (-65 °F) for gasoline or -29 °C
he-overheating limits of the heater.

m each other.

both, as specified

a manner as to
ure shall have

combustion

heat exchanger assembly in the event that fuel flows into the combustion chamber

erial. Where

5 shall be used to
uel lines shall not
and a 1093 °C

low lead type
5 encountered
(-20 °F) for

the heater to prevent their being damaged by flame, radiant heat, or backfire.

5.4 Combustion C

5.4.1

hamber and Heat Exchanger Assembly:

The fuel system lines, fittings, and controls shall be sufficiently isolated from the combustion side of

The combustion chamber and heat exchanger assembly shall be constructed from a corrosion and

heat resistant material suitable for the intended use and in accordance with SAE Aerospace
Material Specifications, or equivalent. Heater materials should be selected to withstand the
deteriorating effects of high humidity, condensation, fungus and abrasive particles in the air.
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5.4.2 Means shall be provided to minimize malfunctioning due to lead or carbon deposits and to permit

543

544

5.5

5.6

5.6.1

5.6.2

5.6.3

5.6.4

5.6.5

5.6.6

5.6.7

5.6.8

5.6.9

disassembly

and cleaning of all parts affected by products of combustion.

The accumulation of lead scale or products of combustion deposits shall not cause functional
failure before 500 h of normal heater operation.

The heater combustion chamber and heat exchanger assembly shall be so designed that it shall
not rupture under the most severe explosion conditions that can occur with any possible fuel air

mixture as d
Exhaust:
The temperatu
649 °C (1200
in the exhaust

Ignition:

Ignition shall
83 °C (150 °

Ignition time
occurs.

Heaters of 1
heated resis

Heaters of a

emonstrated by the test outlined in 6.2.8.

re of the exhaust gases at the point of discharge from the“heater sh
F) at the specified rating condition of 5.1. The point.ofdischarge is
tube 0.30 m (12 in) from the heater casing. See 6:2.2.

be defined as having occurred when the exhaust temperature of th

)-

,700 W (40,000 Btu/h) eapacity or less may be ignited by means of
ance wire.

all not exceed
Hefined as a point

b heater rises

shall be defined as the time from the instant the heat switch is actuated until ignition

an electrically

ny capacity may.be ignited by means of an electric high voltage spark plug.

Ignition power may be-sustained during heater operation or discontinued if satisfactory combustion

is assured.

The ignition

system shall be capable of functioning over a period of 200 heater g

perating hours

without servi

ce. See the test speciliied In 6.2.70.

In the event of ignition delay for an indefinite period, either with or without fuel supply, no
hazardous condition shall result. The heater should be designed to preclude violent explosions on
being started.

Glow plug ignited heaters shall ignite within 200 s. Spark ignited heaters shall ignite within 15 s
when burning gasoline type fuels, and within 60 s when burning kerosene type fuels. See 6.2.3.

Heaters that are intended for wing-empennage heating shall ignite within 15 s when using
gasoline, and 60 s when using kerosene type fuels, under conditions of 6.2.5.

-10 -
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5.7 Safety Controls:

5.8

5.9

5.10

5.11

Heater safety controls are covered in FAA Regulations. Controls must be provided to automatically
shut off the ignition and fuel supply to the heater in the event any of the following occurs:

Heat Exchanger temperature exceeds safe limits

air temperature exceeds safe limits
combustion airflow

a.
b. Ventilating
c. Insufficient
d. Insufficient

These safety ¢
The shut off of]
to shut off fuel
addition to the
responsibility ¢

Lines and Fitti

All lines and fiftings shall comply with applicable aircraft standards.
Electrical Equipment:

All electrical equipment shall conform to applicable aircraft standards. Heater elec

be suitable for

temperature cannot be exceeded for any’combination of electrical loading, ambient

heating effects
voltage, currer]
requirements.

Electrical conn
type connecto

Vibration:

ventilating airflow

ontrols must be independent of the controls normally used toContro
ignition and fuel must occur at a point remote from the heater itself
at a point remote from the heater requires an additional féel shut of]
valve usually supplied with the heater as an accessory’ This valve i
f the using agency. See 6.2.10.6 for tests conducted on safety cont

Ngs:

the intended application. Wiring must be selected so that the maxin

of bundles, conduit,'and other enclosures. Factors to consider in wj
t, ambient tempefature, mechanical strength, abrasion, flexure, ang

s or receptacles or both.

heater operation.
The requirement
[ be supplied in

5 usually the

rols.

rical wiring must
hum conductor
temperature, and
re selection are
pressure altitude

ection to-aifcraft heaters must be made using either approved terminal strips or MS

The heater and auxiliary equipment shall be capable of withstanding and satisfactorily operating
when subjected to a steady vibration over a range of frequencies from 10 to 45 Hz with a total
excursion of 1.59 mm (0.062 in), and from 45 to 53 Hz with an acceleration of 6 g. Unless otherwise
specified in detail specifications, the equipment shall be mounted on the vibrating surface of the

apparatus and

normal to the direction of vibration.

High Temperature:

The heater and its accompanying devices should not be adversely affected if subjected to ambient
temperatures of 71 °C (160 °F) for indefinite periods.

-11 -
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6. REQUIRED TESTING:

All required testing shall be conducted on a test unit that is typical of production hardware. Test units
shall be inspected to applicable engineering drawings. Drawings shall be available for review. Unless
otherwise specified, all tests shall be conducted at ambient pressure and temperature. All test
measurement equipment shall be calibrated prior to testing. The manufacturer shall furnish reports, on
request, describing test procedures and results. Reports shall include an introduction, a description of
the test apparatus, instrumentation and tests, the results, a discussion, and conclusions.

6.1 Test Sequencsg:

Two test units shall be subjected to the tests described herein. The sequence of tgsting shall be as
shown in Tablg 1 as follows:

TABLE 1 - Heater Testing Sequence

Test Procedure Paragraph Unit No. 1 Unjt No. 2
Inspekction 6.2.1 X X
Rated Sea Level Performance 6.2.2 X X
Ignitign Envelope 6.2.3 X
Low Temperature Performance 6.2.4 X
AItitu]ie Performance 6:2.5 X
Electiical Characteristics 6.2.6 X
Collapsing Pressure 6.2.7 X
Burst|Pressure 6.2.8 X
Vibration 6.2.9 X
Rated Sea Level Performance 6.2.2 X
Endufance 6.2.10 X
Rated Sea Level Performance 6.2.2 X
Inspegction Teardown 6.2.1 X X

14

6.2 Test Procedurée:

The following procedures describe the generat test conditions, testinputs, and success criteria for
various heater tests. Alterations to the procedures may be necessary depending on the particular
heater undergoing test evaluation. When success criteria are not specified, they shall be mutually
agreed upon by the manufacturer and purchaser.

6.2.1 Inspection: The heater shall be inspected for conformance to applicable engineering drawings.
Critical dimensions shall be measured and recorded. The heater and accessories shall be weighed
to determine conformance to weight requirements.

-12-
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6.2.2 Rated Sea Level Performance:

6.2.2.1 Rated Heater Output: The test unit shall be installed in a test set up capable of supplying the
inputs specified in 5.1. The specified type of fuel at the rated pressure and temperature shall be
supplied to the heater fuel system. Combustion air at the rated sea level mass flow rate and
temperature shall be supplied to the heater. Ventilation air shall be provided at the rated mass
flows and temperature specified. The following test parameters shall be measured and recorded:

Barometric pressure

Fuel flqw rate

Fuel inlet temperature

Fuel inlet pressure

Combustion airflow rate

Combuystion air inlet pressure

Exhaust gas temperature

Combustion air pressure drop

Ventilafing airflow rate

Ventilafing air inlet pressure

Ventilating air inlet temperature

Ventilating air outlet temperature
. Ventilafing air pressure drop

—ART T SQT0a00D

3

Rated outgut shall be defined at a ventilating air temperature rise of 139°C (290 °F). Output is
defined as|follows in Equation 1:

Q.= Wv x Cp x (Tvo-Tvi) Btu/h (Eq. 1)
where:
Wv = Yentilating airflow rate - Ib/h
CP = $pecificheat of air - Btu/lb - °F
Tvo = Ventilating air outlet temperature - °F
Tvi = VYentilating air inlet temperature - °F
Tvo-Tvi = 266=F

6.2.2.2 Carbon Monoxide (CO) Contamination: At rating conditions specified in 6.2.2.1, the heater
downstream ventilating airstream shall be checked for the presence of CO. The test shall be run
with the heater exhaust discharging to atmosphere. The ventilating air samples shall be taken
from an unrestricted duct fastened to the heater ventilating air outlet. The duct shall be the same
diameter as the heater casing and at least five diameters in length. A suitable instrument,
calibrated against a known standard, will be used to determine CO concentration. The CO
concentration shall not exceed 50 ppm.

-13-
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6.2.2.3 Combustion Chamber Leakage: The test unit shall be removed from the performance test set
up. Cap the fuel circuit, fuel drain lines, and the combustion air inlet tube. Apply air pressure at
55.1 kPa gage (8 Ibf/in? (gage)) to the heater exhaust connection thereby applying internal
pressure to the heater combustion chamber. Measure the airflow required to maintain the internal
pressure. The air leakage shall not exceed 4.1 kg/h (9 Ib/h) at sea level and 15 °C (59 °F). In
addition, a test will be conducted to show that there will be no leakage of fuel into the ventilating
air circuit in the event that the heater fails to ignite. For this additional test, the heater is to be

6.2.2.4

6.2.3

6.2.4

mounted a

s normally installed with all fuel drains open.

Pressurized Heater Leakage: Heaters intended for use in pressurized aircraft
for ventilatjon air circuit leakage. The heater ventilation air inlet and outlet’shal

pressure a
Measure th
4.5 kg/h (1

Ignition Enve
closely as pd
equivalent) g
testsetup s
of the heate
determined

plotted as al
envelope cu

Ignition shall
(150 °F). Thg
where the he

accompanying ignition devices shall be defined as the peak of the ignition chara

The service

Low Temper
combustion
temperature

110 kPa gage (16 Ibf/in? (gage)) shall be applied to the capped ve
e air flow required to maintain the internal pressure. The air leakagg
D Ib/h) at sea level and 15 °C (59 °F).

lope: Install the test unit into a test set up that simulates the aircra

apable of simulating altitudes from sea leyel'to the altitude specified
nall be capable of monitoring the operating parameters specified in @
to ignite repetitively within the time specified in 5.6.8 and burn cont
r various combustion air differentialpressures at various altitudes.
itude versus combustion air differential pressure. Figure 2 shows a
ve.

be defined as having occurred when the exhaust temperature rise
e area under the curve shown in Figure 2 shall represent the envelo
ater can be repetitiyely restarted. The service ceiling (altitude) of th

ceiling determined by this test shall meet the requirement specified
bture Rerformance: Install the test unit in to the test set up used in ¢

hir andventilating air to the heater at sea level pressure and -54 °C
The fuel temperature supplied to the heater shall be -54 °C (-65 °F

shall be checked
be capped. Air

htilation air circuit.

e shall not exceed

installation as

ssible. The test unit and mating duct work shall*be installed in an alfitude chamber (or

(or 6100 m). The
.2.2.1. The ability
nuously shall be
The results are
typical ignition

eaches 83 °C
pe of operation

e heater and its
cteristics curve.
by the purchaser.

5.2.2.1. Supply
(-65 °F)
for gasoline type

heaters and

-Z29 U (-ZU "F) 10r Kerosene type heaters. Lombustion and ventiatl

Ng air pressure

levels and mass flow rates shall be the same as 6.2.2.1. Measure and record the parameters
specified in 6.2.2.1.
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6.2.5 Altitude Performance: Install the heater into an altitude chamber capable of simulating the design
altitude of the heater. Supply ventilating air to the heater at -54 °C (-65 °F) and at the flow rate
determined in 6.2.2.1. Supply combustion air to the heater at -54 °C (-65 °F). Fuel at the rated flow

6.2.6

6.2.7

6.2.7.1

6.2.7.2

and pressure and the temperature specified in 6.2.4 shall be supplied to the hea
combustion air differential pressure shall be adjusted to be midway between the
determined in 6.2.3 at 6100 m (20,000 ft) altitude or the specified altitude. Comb

ter. The
ignition limits
ustion air shall be

supplied from an air source maintained at a pressure corresponding to the test altitude. See the

International Civil Aeronautical Organization (ICAO) Standard Atmosphere for th

e ambient

pressure corresponding to the test altitude. At the specified altitude, the heater s
heating the Ventilating air to a minimum of 82 °C (180 °F). In addition, the heater
of delivering|a minimum of 50% of the rated heat specified in 5.1.

racteristics: The heater while installed in the test set up described
tested for maximum starting and maximum running amperes when'supplied with
sea level conditions. The voltage shall be varied to determine ¢he range that the
and operate [satisfactorily.

Collapsing
combustion air inlet and a source of vacuum conneeted to the exhaust outlet. Th
shall discharge freely to atmosphere (sea level). Asstatic pressure tap shall be p
exhaust pipg within 0.30 m (12 in) of the connegtion to the heater.

Collapsing pfessure test of the combustion chamber and heat exchanger assem

For a nongressurized cabin heater or a wing-empennage heater, the heater sh
ting, except that the*exhaust outlet pressure is to be maintained at
agage (4 Ibf/in? (gage)) below the ventilating air outlet pressure. Af
ht least 1 h at.these conditions, there must be no permanent distorti
unless it-ean be demonstrated that such distortion does not affect th
eater,

least 28 kH
heater for

the heater,
life of the h

For pressufrized cabin heaters, the test shall be the same as 6.2.7.1, except th

hall be capable of
shall be capable

in 6.2.2.1 shall be
rated voltage at
heater will start

ressure Resistance: The heater shall be set'up with an adjustable festriction on the

e ventilating air
ovided in the

bly shall be as

all be operated at
h value which is at
ter operating the
bn of any part of
e performance or

at the exhaust

outlet pressuTe shall be maintained at a value that is at least 69 kKPa (10 1bf/in=
ventilating air outlet pressure.

) below the

6.2.8 Combustion Chamber Burst Pressure: Combustion chamber burst pressure test shall

6.2.8.1

demonstrate compliance with 5.4.4 as follows:

With the combustion chamber and heat exchanger assembly at room temperature, introduce a
gasoline fuel air mixture in a ratio of 0.085 to 0.095. Purge the combustion chamber and heat
exchanger assembly with this mixture to the extent of at least 10 times the volume of the

combustion chamber and heat exchanger assembly. Ignite the mixture with a s

park plug. Repeat

the procedure to complete 25 explosions. The heater shall then meet the leakage requirements

of 6.2.2.3.
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