INSTALLATION MANUAL SECTION I

CHAPTER ¥

INDUCTION SYSTEM

The Induction system of an aircraft engine consists of the passages between the
carburetor and the cylinder combustion chamber. By careful study in design of these
passages the engine manufacturer has from time to time Increased the power output
of his engine. In fact, Improvements in the design of the engilne induction system
have been next 1n Ilmportance to supercharging as =2 means for Increasing the power
In modern alrcraft engines. By this same token, then, the alrcraft manufacturer can
carry out this same principle of induction system refinement for increasing the per-
formance of his alrplane by careful design of the portion of this system that is in
his control, that 1s, the portion ahead of the carburetor.

The requirements of the induction system ahead of the carburetor are as follows:

1. It must supply air to the carburetor in sufficient quantity tomeet the de-
mands of the engine.

2. The temperature of the air supplied to the carburetor must be such to avoid
loss of englne power.

3. A means for regulating the temperature of the air supplied to the carbure-
tor must be provided.

4. Alr flowing through the ducts ahead of the carburetor should encounter a
minimum of aerodynamic losses and when entering the carburetor should be
free from turbulence.

5. The heater system, ducts, valves, and so on, must be capable of withstand-—
Ing normal wear due to vibration, wide temperature varilation, and explosive
pressures such as obtalned during an engine back fire.

GCarburetor Ram

The quantity of alr required by the engine 1s given in Figure 63. While this
quantity 1s not exact, 1t will be found to be sufficlently accurate for use inmaking
alr scoop calculations. The Wright Aeronautical Corporation’s engine specifications
glve the power rating of the engine based on zero ram, or atmospheric pressure, at
the top deck of the carburetor. Obviously, while operating the engine with no for-
ward velocity of the alrplane, there will be a depression or negative pressure at
the top deck of the carburetor equal to the velocity head necessary to produce the
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APPROXIMATE AIR CONSUMPTION FOR WRIGHT ENGINES
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required alr flow plus the alr scoop losses. With a ramming type alr scoop, this
negative pressure will become positive as the alrplane speed Increases, reaching 1its
maximm at the maximum indicated speed of the airplane. The fact that a negative
pressure exlists at the top deck of the carburetor 1s not serious except that 1t
8lightly reduces full throttle power. For each inch of water negative ram,the Cyc-
lone engine loses 4.3 horse-power. Positive pressure serves only to iIincrease the
critical altitude for any full throttle manifold pressure by the amount shown on the
engine specification.

Taking everything into consideration, ram, or a positive static pressure on the
top deck of the carburetor, is desirable as it (a) gives the alrplane a higher al-
titude rating, with resultant higher speed, (b) lowers the speed at which full
throttle take—off power will be obtained, and (c) serves to prevent leakage of warm
alr into the carburetor intake system through poorly fitted hot air valves in the
SCoop.

Assuming frictionless flow through the carburetor air duct, zero ram will be
obtained when the dynamic head due to flight velocity 1s equal to the velocity head
in the duct required to produce the flow of alr to meet engine requirements. When
the losses which are present in the induction system ahead of the carburetor are
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considered, 1t will be found that in a normal alr scoop design almost twice the
veloclty pressure necessary to meet engine requirements at a given power 1s required
before zero ram is obtalned. Summing 1t up, the carburetor ram 1s dependent upon
the alr consumption requirements of the engine, the losses 1In the Induction system
ahead of the carburetor, and the dynamic head due to flight velocity.

Carburetor Air Scoop Design

Since the power output of the engine 1s a function of the veloclty head of the
alr supply at the top deck of the carburetor, it 1s Ilmportant that the alr scoop be
deslgned to utilize the dynamic head available due to the flight velocity and trans-—
fer 1t to the top deck of the carburetor withaminimum of losses. The major losses
In the scoop are obtained at 1ts entrance and at the turns. The loss at the entrance
1s due to the Initial acceleration of the alr and 1s known as vena contracta loss.
The loss at the turns 1s principally due to shock loss and turbulence. These losses
are stated In terms of velocity pressure at the indicated section and represent the
pressure loss due to flow or the additional pressure required to cause a predeter-
mined flow.

Figure 64 1llustrates several types of entrances applicable to carburetor air
ducts. It 1s worthy of note that a radius 15% of the depth or diameter of the scoop
entrance 1s quite efficlent, but a sharp leading edge is very lnefficient. The de-
sign of the scoop entrance should not only provide efficient flow of the air passing
into 1t, but 1ts external contour should be suchto avoid turbulence of the air flow-
Ing over 1t. In other words, the scoop body should be well falred into the cowl so
air flow disturbance around it is reduced to a minimum. To obtain optimum airplane
performance the design of the carburetor alr scoop entrance cannot be overlooked.

Next in Importance 1s the design of the scoop elbow, which 1s necessary in an
arrangement where the alr scoop entrance 18 perpendicular to the engine crankshaft.
Flgure 65 shows data on the losses in elbows of square section 1n terms of R/D, or
radius of turn/depth. A correction factor is included for changes in aspect ratio
and degree of turn. As will be seen from the figure, the simplest way to keep the
losses In elbows at a minimum 1s to use large radius ratios and large aspect ratios.
This, however, 1s not always possible as the space avallable above the carburetor
top deck dictates the radius ratio and the shape of the carburetor top deck dictates
the aspect ratio. In this case, the addition of a splitter in the turn, or of turn-
ing vanes, offers the only way of reducing the losses. These devices change the
properties of the elbow by changing the radius and aspect ratio of the séction in
question.

The frictional resistance of any duct to the flow of air, varies as the square
of the veloclty. The frictional resistance also varies with the density of the air
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LOSSES IN VELOCITY PRESSURE DUE VARIOUS TYPE ENTRANCES
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Chapter V Section I

and the kinematic viscosity. Since, in the majority of designs the alr scoop 18
rectangular In shape, this type wlill be consldered.

The pressure, in inches of water, required to maintaln a given veloclity, or the
loss of head caused by frictlon, which Is numerically equal to it, can be expressed
as:

(L) (a+d) (pV)®
(c) (2ab) (624) (11)

P2=

where

P, = pressure loss 1n Inches of water
L = length of duct in feet

¢ = coefficient of friction

P = standard denslity of air

= velocity In feet per minute

The expression a+b/2ab 1s the reciprocal of the hydraulic mean radius for a
rectangular duct where:

a = width 1In feet
b = depth 1In feet

The value of ¢ varles as follows:

For smooth sheet, such as aluminum or steel . . . . . . . . 60
For wire brushed or galvanized sheet. . . . . « « « « « . . OB
For smooth sand cast surfaces . . . . . . . . +. « « . . . . B0

It will be found that the frictional loss for the length ducts normally used in
alrcraft induction systems 1s negligible when they are smooth and free from sharp
corners. However, 1lnternal protrusions, suchas bolts, rivets, bosses, valves,etc.,,
seriously Increase this duct loss and should therefore be avoilded. Such conditions
also cause turbulence In the alirflow at the top deck. of the carburetor which may
have an adverse effect on the metering of the carburetor. For highest efficlency,
the Internal surface of the duct must be free from obstructions in the path of the
air flow.

Having given the location and area (refer to Table III) of the carburetor top deck

and linear velocity of the airat this point, the first step In designing the air scoop
is to establish the location and size of the scoop entrance that will utilize the dynamic
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Table III
Area of Top
Carburetor Deck in Square Inches
Stromberg NA-F7F 31.73
NA-~ROA 19.80
NA-R7A 15.4
Chandler-Evans
- 1375C 32.80
Holley 1685C 40.30

head avallable due to flight velocity, and then transfer this velocity head by means
of ducts and elbows to the carburetor top ¢ *k with a minimum of losses. Illustra-
tions of varlous styles of carburetor alr scoops generally used today are shown 1n
Figure 66. Illustration (a) shows a type scoop that projects above the cowl line,
well to the rear of the propeller, and 1s exposed to the alr flow on the outside of
the cowl. This style of scoop is simple and rugged and is generally used where ScoO0p
drag 1s of little importance. Illustration (b) shows a type bullt into the cowl but
1ts ducts and entrance are located outside of the cowl 1limits. The entrance 1s lo-
cated closer to the propeller to take benefit of the propeller sllpstream. Illus-
tration (c) shows a completely internal scoop, which 1s possible when the cowl dlameter
1s made sufficiently large to provide enough room foraduct of suitable size. This
entrance location is well placed for obtaining benefit fromthe propeller slipstream.

As previously stated, the carburetor air scoop entrance should be located to
utilize the dynamic head available due to flight velocity. Inattempting to accomp-
1ish this, the deslgner should conslider that certaln polnts on the alrplane are exX-
posed to dynamic head plus propeller slipstream veloclity and a carburetor alr scoop
located at such a point will naturally benefit in ram. Fortunately, such a condi-
tion exists at a very convenlent location for a carburetor alr scoop entrance, that
1s, in the cowl leading edge contour directly in back of the propeller. The entrance
should be perpendicular to the cowl leading edge. Illustrations (b) and (c¢) in
Figure 66, show scoop entrances that benefit by slipstream veloclty. T1llustration
(d) is also an effective alr scoop but does not utilize the effect of slipstream
velocity. 1Its advantage 18 in the fact that 1ts entrance loss 1s relatively low
since the veloclty change at the entrance 1s not severe. Its disadvantage 1s that
the alr feeding the scoop 1s usually pre-heated slightly by the engine.

The slze of the inlet 1s dependent upon the type of service for which the airplane
is Intended. There is 1little point in making an entrance larger than the carburetor
top deck,and the lower limit would be a size just large enough to pass the requlred
quantity of air to meet engine requirements, taking inte account scoop losses at
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Chapter V Section I

maximum flight velocity. It will be found that an alr scoop which 1s the proper size
for high speed level flight will be too small for full-throttle climb, and a scoop
designed for climb or take-off will offer too much airplane drag during high-speed
level fllght. Therefore, a compromise must be effected between designing a scoop
for maximum ram and one for minimum drag. In other words, the type of performance

which 1s most critical to the airplane in questlon will establish the sizZe of the
alr scoop entrance.

The carburetor temperature rise over outside air should not be greater than 10°
F. with the scoop set for full cold air. This requirement not only eliminates the
possibllity of excessive carburetor alr temperature under critical conditions, but
minimizes the power loss resulting from high carburetor air temperature. This power
loss is a function of the square root of the ratioof absolute carburetor alir temper-
ature (T) to standard absolute altitude temperature (Ta) or,

Corrected Horse-power = Brake Horse-power (T/’I‘a)“'l=r (12)

It 1s often found that when the ram 1s not positive under all conditions of
flight, poorly fitted hot ailr valves will permlt leakage of hot air from the heater
system Into the carburetor. Another source of hot alr into the carburetor inlet is
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spillage out of the cowl frontal opening. This usually occurs at low climbing speeds
and can be corrected by the addition of a spill plate at the top of the cowl frontal
opening. Illustration of such a spill plate 1s shown In Flgure 31. A scoop design
having an entrance at the cowl leading edge 1s especlally sensitive to splllage con-
citions; hence, with such a design the carburetor temperature rise should be carefully
checked during all conditions of flight. Figure 67 illustrates results of tests for
temperature rise over outside air versus alr speed in a c¢limb fora standard over-
cowl scoop filtted to an engine cowl with and without a splll plate.

Experience has shown that scoops taking alr from under the cowl and Just ahead
of the cylinders usually are subject to excessive carburetor alr temperature rilses.
This condition, of course, is dependent uponair flow conditions within the cowl and
is not true on all designs. With this design of scoop care must be taken not to ob-
struct the air flowing over the cylinders.

Carburetor Air Heaters

Carburetor air heater systems used for elimination of 1ce in the carburetor have
passed through a long period of evolutilon. Early engines were equipped with "hot
spots" which consisted bf an exhaust heated tube over which the vaporized charge was
passed. Although this method helped to heat the charge and thereby ald vaporizatlon
1t did not remove the ice which formed on the carburetor parts between the fuel
nozzles and the hot spot. It therefore became necessary to preheat the alr supplied
to the carburetor.
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Let us first consider the factors that affect the formation of ice In the car-
buretor. It 1s a popular misconception that trouble with carburetor 1ce 18 only
encountered during cold weather. This 1s not the case, as many other factors con-
tribute to this problem, for instance: (a) the volatility and heat of vaporization
of the fuel, (b) fuel to alr mixture ratio, (c) temperature of the carburetor body,
(d) quantity of fuel being vaporized (power), and (e) humidity, temperature, and
pressure of the Intake ailr. It has been possible to analyze the conditions surround-
ing a great number of Instances where carburetor icing has occurred with mecdern power
plants and to ldentify the condition with relation to the humidity, or wet and dry
bulb temperature. Flgure 68 1llustrates the results of a great number of test points
as obtained during current alirline operation. The data show that it 1s possible
for 1ce to form even at high outside air temperatures 1f the wet and dry bulb tempe-
rature difference 1s small.

The coldest point in the Induction system 1s Jjust after the carburetor, or in
the carburetor adapter. It 1s therefore, desirable to locate the temperature 1indi-
cator In this locatlon and when carburetor icing conditions are prevalent, enough
preheat should be appllied to bring this temperature up to 35 to 40° F. Since there
1s an average temperature drop through the carburetor of approximately 60° F. during
crulsing, when 35° F. 1s put in the adapter the actual carburetor alr temperature
will be about 95 to 100° F. To provide this 1t has become necessary to resort to
very effectlve heaters, such as, Intensifier tubes within the manifold, or shrouds
around the manifold. Both of these style heaters are i1llustrated In Figures 76 and
77. To satisfy present day requirements, these heaters have been enlarged to the
point where 1t 1s possible to damage the engine by full application of heat under
high power operation during moderate weather. Thus, 1t 18 necessary to supply a
thermometer 1n the carburetor adapter to indicate the proper amount of heat to be
applied. Thils Indicator should always be placarded to warn the pllot to avoild the
use of mixture temperatures above 40° F.

From the standpolnt of satisfactory engine operation, It is desirable that the

carburetor air heater be deslgned with the following characteristics in addition to
meetlng the detall requirements of the operator:

(1) The heat should be uniformly distributed throughout the incoming air before
entering the carburetor.

(2) The change in heat and carburetor ram should be as nearly uniform as pos-
sible with unlform change in control travel. '

(3) When the heater 1s not in use, the hot air must be by~passed and carried
free from the cold air intake, the carburetor body, and the fuel system.
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(4) The preheat system should be designed towithstand wide variation of temper-
ature and should be sufficiently rugged to withstand normal engine vibration with-—
out excesslve wear.

(5) The heater valve and intake system should be designed to withstand the ex-
plosive pressure of an engine backfire through the carburetor.

Recently, "non-icing" carburetors have been developed which are so constructed
as to have no carburetor parts In the path of the vaporized fuel which is dlscharged
from the nozzles. Extended experlence wilth these carburetors has shown that they
are not susceptible to carburetor icing of the familiar kind. However, under atmos-
pheric lcing conditions, that is, a wing Icing condition, it 1s posslble that Ice
may form in the carburetor air scoop or on the sScreen at the top deck of the car-
buretor in such quantitles as to reduce the englne power. It 1s therefore necessary
with these carburetors, to supply a moderate amount of preheat to eliminate this
type of ice. This can be accomplished by providing a valve In the alr scoop which
will close off the scoop cold alr supply and take the warmalr from behind the cylin-
ders and inside the engine cowling. A scoop of this type is 1llustrated in Figure
66 a.

With this arrangement of preheat and using a non-icing carburetor, measurement
of the carburetor alr temperature or mixture temperature 1s not necessary when an
outside alr temperature bulb 1s avallable on the airplane, and provided it is demon-
strated that the preheat obtalned is not in excess of 60° F. with full heat on and
operating at rated power. Measurement of the carburetor air temperature is recom-—
mended when the heat supply 1s in excess of the above limitation,as in this case, the
carburetor air temperature gauge will serve as a definite protection to the engine
for preventing the use of excess carburetor heat. With thils arrangement of preheat,
provision for measuring mixture temperature is not necessary.

When designing the carburetor alr scoop, the alrplane manufacturer 1s cautloned
that the bottom deck of the scoop must mate perfectly with the top deck of the car-
buretor. Any irregularities at this parting surface or on the inner walls of the
scoop willl disturb the air flow at the carburetor top deck and thereby (effect the
carburetlon. _

{
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