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Cooling Of Aircraft Engine

(c) Providing a sufficient cool- ing airflow, and, if necessary, some means of regulating the air- flow in response to varying con- ditions. A flow of cooling air. 
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Cooling Of Aircraft Engine In all aircraft-cooling systems, air is used either directly or indirectly, to carry heat away from the cylinders. In almost all civil aircraft engines this is done directly, without an intermediateliquid coolant. The problem of cooling an air-cooled engine largely resolves itself into: (a) Exposing a sufficient surface area of the cylinders to the cooling airflow. The surface area of the cylinders exposed to the cooling airflow is increased by use of cooling fins effectively distributed to provide uniform cooling over the entire combustion chamber, including sparkplug bosses and exhaust valves. (b) Directing the air efficiently against all parts of the cylinders. A properly designed system of inter-cylinder and cylinder-head baffles is used to force the cooling air into close contact with all parts of the cylinders. , (c) Providing a sufficient cooling airflow, and, if necessary, some means of regulating the airflow in response to varying conditions. A flow of cooling air sufficient to carry away the heat from the cylinders is obtained by means of the cowl which encloses the engine. The flow of cooling air may be regulated by a series of adjustable cowl flaps at the rear of 1he cowling. The rate of cooling varies with the temperature ot the air. Also some cooling is accomplished by the dissipation of heat to the lubricating oil. COOLING TESTS: If the airplane has a substantial cooling margin it may not be necessary to conduct cooling tests for minor changes in the components affecting the cooling characteristics. However, when major changes involving the cooling system are made in an airplane, cooling tests should be conducted to assure that satisfactory cooling characteristics are still maintained. Propeller changes may also necessitate cooling tests being conducted. For example, changing from a fixed-pitch wood to an adjustable-pitch propeller normally results hi a decrease of the quantity of cooling air flowing past various parts of the engine, due to the fact that airfoil sections of the propeller blade do not extend as far in toward the center of the hub in an adjustable propellor as they do on a fixed-pitch pro-



pellor. The cooling tests to determine



function of the induction system is to duct the necessary supply of



that the maximum temperatures



air to the combustion system of the engine. The condition of this



NACA-cowl ring, within the NACA-cOAl nose ring, and short scoops protruding the accessory



air at the entering face of the carburetor is extremely important. For proper operation, it is essential that the airflow should be



compartment. When located on the leading edge of the cowl ring, the entrance is close to the propellor and hence there is less



smooth and uniform, clean and unrestricted throughout the range of



possibility that dust and dirt, whipped up by the propellor tip, will be introduced into the scoop



for which the engine was certificated will not be exceeded should be conducted by flying the airplane under maximum continuous power at best-rate-of-climb speed. (A speed one-third of the way between the power-off stalling speed and the maximum level-flight speed). Such flight should continue for approximately five minutes after the temperature peak or drop off, to assure that stabilization had been reached. Readings should be taken, at the peak, of the hottest cylinder head temperature, the hottest cylinder barrel temperature, the oil-



inlet temperature, attitude, and out-side-air temperature. The observed temperature thus obtained should be converted to values under conditions of operation when the outside temperature is 100° F. at sea level. This 100° F. temperature is the commonly accepted "hot day standard" for extreme conditions under which an airplane should be able to operate without overheating. To make this



conversion, the following formula should be used:



(a)



Cylinder-head



temperature



correction: Tc = To+ [100-Ta-(.0036xA)]



(b) Cylinder-barrel temperature correction: Tc = To+.7[100-Ta-(.0036xA)]



(c) Oil-inlet temperature correction: Tc=/To+[100-Ta-(.0036ixA)]



Where: Tc=Corrected temperature To=Observed temperature Ta=Outside air temperature at which peak temperature occurred. A= Altitude at which peak temperature occurred. ACCESSORY COOLING: In addition to cooling of the engine



proper, consideration should also be given to adequate cooling for the accessories compartment. This may be accomplished in many instances by means of cooling air ducts routed so as to duct ram air directly to critical components such as magnetos, generators, etc. BAFFLES: Engine - cylinder,



hold down nuts or studs should not be used for mounting or securing baffles, braces, etc., unless the baffles are made of the same material as the washers employed by the engine manufacturer. Other



materials may aggravate cylinder failures due to the studs loosening because of the baffle mounting squeezing out from under the nut.



INDUCTION



SYSTEM:



The



horsepowers expected from the engine. Consequently, starting at the point where atmospheric air is picked up, equal consideration



should be given to the ducting, elbows, preheat doors, muffs and other devices '.vhich are interposed between the free air and the carburetor. INDUCTION SYSTEM ARRANGEMENT: Intake openings for the induction system should be completely outside the engine compartment cowling unless the hazard of backfire flames is positively eliminated, and the system should comply with the following:



(a) Intake passage should be of



cated on the leading edge of the



(e) In order to obtain uniform distribution of air pressure and



temperature at the carburetor entrance, the duct immediately ahead



of



the



carburetor



inlet



should be straight for a distance of approximately four times the depth or diameter of the duct, if possible. The hot alternate air supply should tie into this duct at a point prior to the straight



section. Somewhere in the induction system, before the carburetor, a flexible joint is required in the duct to provide relative movement of the carburetor wdth respect to the cowling or portions of the duct attached to rigid structure.



sufficient cross-sectional area ,to



AIR CLEANERS: Intake-sys-



supply the required amount of air to the engine without excessive pressure loss. Moreover they should be of sufficient strength, rigidity,



tem air cleaners or backfire arrestors, if installed, should satisfy the following provisions:



and of proper material to withstand air loads and backfires. The



location of the intake should be such as to obtain clean, undiluted air free from dust or exhaust gases. The use of air filters greatly reduces cylinder wear in operation from unprepared landing areas. Also, suitable drains should be provided in all intake passages to facilitate rapid drainage of any fuel which may be present in the system with the airplane in the



ground or flight attitude. Such drains should discharge so as to preclude possible contact with the exhaust manifold or exhaust gases. (b) Screens should only be used if they can be by-passed by means of the alternate air intake in case they become iced or obstructed. (c) An alternate air supply must be furnished and should provide an adequate means (hot air) for available use when needed to melt ice or to prevent its formation in the air-intake passages and the carburetor. The location and operation of air valves should be such as to permit posi,tive and uniform control and mixing of hot and cold air so that uniform air temperature and pressure, without stratification, will exist at the carburetor. (d) Entrance or scoop locations have been successful when lo-



(a) Means should be provided to permit adequate air to enter the carburetor in the event the cleaner becomes clogged with snow, ice, dirt, etc. A simple spring loaded intake which will open by means of suction if the main intake is obstructed is a desirable means of accomplishing this. (b)



Installation



of



the



air



cleaner or backfire flame arrestor



should not interfere with the proper operation of the carburetorair preheating system. (c) Where flame arrestors are used to draw air from inside the



engine accessory section cowling, backfire and flame penetration tests should be conducted to establish that hazard from backfire is positively eliminated, both from the consideration of flame penetration and the ability of the induction system to withstand backfire pressures. (d) The effect of the device upon the performance of the engine should be checked by suitable tests. Ground tests should be sufficient unless it is found that the engine is adversely affected. INDUCTION SYSTEM ANTIICING PROVISIONS ICING HAZARDS: Atmospheric



icing conditions encountered in flight make it necessary that provisions be incorporated in the induction system to prevent the
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formation of ice in the carburetor and air intake. Such precautions are necessary in order to preclude the possibility of engine failure because of an insufficient supply of air or fuel, interference with proper fuel metering, or through imperfect fuel



vaporization. Types of ice which may form in the induction system are listed and described as follows:



fering with the fuel flow, and it can affect mixture distribution or quantity of mixture flowing to individual cylinders by upsetting the fuel flow distribution at the fuel nozzle or airflow distribution in the manifold throat. This refrigeration phenomenon is the most serious of all factors causing carburetor ice.



ICE PREVENTION: To prevent the formation of ice at the carIMPACT ICE: This forms from buretor and air intake, the intake water which originally existed in and carburetor passages should the atmosphere as snow, sleet, or be arranged, insofar as practical, sub-cooled liquid, and also forms so as to avoid the formation of from liquid water impringing on ice. In addition, a hot-air supply, or an equivalent means, which is surfaces which are at temperatures below 32°F. This ice col- sufficient to permit safe operation lects near a surface and at points under icing conditions should be where changes in the direction of provided. In the regard, the inairflow take place so that the take for the hot-air system should water or ice particles with a denbe sufficiently sheltered to avoid sity much greater than the air clogging with snow or ice partiimpinge upon that surface. The cles. The use of a screen in the most dangerous impact ice is that hot-air system is not recommended which may collect on the metering and should only be considered elements of the carburetor and efwhere a heat rise of over 100°F. fect the fuel-air ratio. Other critis available and the screen is of a ical points are the preheat valve particularly large mesh. The and the walls of the scoop near it, screen must also be located at a the roof of the scoop near it, the point where fuel spray washed roof of the scoop elbow, and on back due to turbulence in the inscreens that may be in the system. duction system cannot contact it. THROTTLE ICE: This type forms



at or near the throttle in a partly closed position (up to 30 degrees), due to cooling effect resulting from the increase in kinetic energy (increased velocity) of the air in the restricted flow area. It collects on metal parts and consists mainly of particles which freeze outside of the boundary layer and are carried to the metal surfaces, such as the throttle butterfly, by their initial momentum. REFRIGERATION



ICE: This



forms as a result of the cooling effect of the fuel evaporating after the fuel is introduced into the airstream. This will probably



A separate cockpit control should be provided to permit the pilot to vary the air supply from full cold air to full-hot



a i r. Such a c o n t r o l should also be provided to permit over-riding any automatic linkage designed to operate the carburetor heat with the throttle. The hot-air valve and controls should be ruggedly constructed and sufficiently strong to withstand the full loads which can be applied by the pilot to free the valve from an icing condition. PREHEAT



REQUIREMENTS:



The hot air system should be such that a minimum temperature occur most frequently in flight, rise of 90°F. is attainable with because the ice may form at carsea-level engines and convenburetor-air temperatures con- tional venturi carburetor when siderably above 32°F. For some the outside air temperature is 30°F. float type carburetors it is pos(120°F. with altitude engines and sible in rare instances to accumuconventional venturi carburetor). late serious ice during a glide Pressure injection-type carburewith carburetor air temperatures tors on sea-level engines have as high as 93 °F. and relative considerably less tendency to ice humidity of 30%. At low cruise but approximately 60°F. heat rise power ice ran occur at outside should be provided for de-icing air temperatures as high as 62 °F. any small accumulations that may and relative humidities as low as occur and for de-icing the ducts, carburetor screen, and other por6.0%. Most of the heat necessary tions of the system. to evaporate fuel is supplied from The amount of heat available the air as it drops in temperature should be determined by measurFuel evaporation ice can affect ing the temperature difference airflow by blocking the throat between the outside air and the of the manifold-riser, it can afair entering the carburetor with fect the fuel-air ratio by inter-



the preheat control in the full-hot position. Wherever possible, the temperature rise should be determined for the condition of 30°F. outside air with the airplane in a 'cruising attitude at approximately 75% maximum continuous horsepower. To accomplish this the air plane should be flown in level flight at maximum cruising rpm and 30°F. outside temperature, or at the highest practical altitude at which the necessary power can be maintained with full-cold carburetor air so as to get as close to 30°F. as possible. Holding the airplane at this altitude and in level flight the indicated airspeed should be reduced 10%. Under these conditions then the engine will be . delivering approximately 75% of its maximum continuous horsepower, which is the condition under which the carburetor heat rise should be obtained. After flying the airplane under these conditions for a sufficient time to permit temperature to stabilize, readings of the outside air temperature and the temperature of the air entering the carburetor should



be taken with the carburetor air heater in the full-hot position. The difference between the carburetor air temperature in the full-hot position and the outside air temperature is the temperature rise and should be comparable



with the values specified above. The carburetor air temperature should be measured at the intake to the carburetor with a standard temperature bulb. The instrument should be located at a point in the duct cross-section which truly



'measures the average air temperature. Location in a stratified area of either hot or cold air must be 'avoided. CARBURETOR AIR PREHEATER



DESIGN: The exhaust system commonly is used as a source of heat for increasing the temperature of carburetor induction air to prevent the formation of induction ice. There are two principal methods by which heat may b-? derived from exhaust gases. These are identified as the shroud of muff method, and the intensifier-tube method. In the shroud or muff-type system, the exhaust Igases are carried through the exhaust tubing, which is of normal design, and this collector is completely enclosed by a shroud or muff. The muff is separated from the collector proper by an annular passage between the collector and the muff. The area of the annular section may be in-



creased slightly toward the poim 'of discharge of the heated air to !



the carburetor in order to allow



for the added volume of the warm'er air. The muff normally is supported from the collector itself on spacers and is held in place by 'straps, clips, or bolted flanges. Provisions should be made for relative motion between the muff and exhaust collector. The miuffs should not bear on or chafe against any part of



the engine or airplane structure. The muff should be constructed of heat-resistant material. Aluminum is usually not desirable due to the high temperature of the exhaust components in contact with the muff. However, with a 'well cooled installation aluminum may prove satisfactory in some



cases.



With the intensifier-tube preheat system, carburetor air is drawn through a tube which runs through the center of the exhaust collector. This tube must be con,,structed of heavy-guage stainless ,steel, Inconel, or equivalent material, and is often dimpled to pro,mote heat transfer. Joints are not permissible in the tube within the collector and provisions must ^be made for a tight slip joint at the points where the tube enters and leaves the collector to assure against exhaust contamination of the engine intake air. Regardless of the type of preheater employed, it or the installation should comply with the following provisions: (a) A means should be provided to assure adequate ventilation (continual flow of air) through the preheater when the engine is being operated on full-cold air. Continual flow is necessary for adequate cooling of the exhaust stack, muff, or intensifier tube. The warm air discharge should be so disposed that it does not impinge upon any parts of the fuel system which may aggravate vapor lock.



(b) The preheater should be constructed in such a manner as to permit inspection of the exhaust collector parts which it surrounds. In the case of an intensifier-tube type exchanger, it should be possible to conduct periodic inspections of the intensifier tube also. (c) The construction should be such as to withstand the vibration, inertia, and other loads to which it may be subjected, without failure. Adequate provisions should be made to permit expansion of the various parts when they are heated.
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that cylinders crack or oil temperatures rise above red- line. There are several cowling fasteners available, and not all are of the same strength and ease of use.
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Cowling and Cooling of Light Aircraft Engines 
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Engine Cooling Problems? 
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Review of Liquid-Cooled Aircraft Engine Installation 
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Cowling and Cooling of Light Aircraft Engines - Size 
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Aircraft Engine Spark Plugs 
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Cowling and Cooling of Light Aircraft Enginesâ€”Part Two - Size 

surfaces downstream of the exhaust nozzles. Since design data on ejector cooling systems is scarce and frequently conflicting, it seems to be advisable to.
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citroen zx engine cooling fan diagram pdf 

You are entirely free to find, use and download, so there is no cost at all. citroen zx engine cooling fan diagram PDF may not make exciting reading, but citroen zx engine cooling fan diagram is packed with valuable instructions, information and warn
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99. SID97-4. TELEDYNE INDUSTRIES, INC. 1999. TELEDYNE. CONTINENTAL MOTORS. An Allegheny Teledyne Company. P.O. Box 90 Mobile AL 36601 ...
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Continental Aircraft Engine Service Bulletin 

Now, reports from the field indicate that there is a potential movement by some oil companies to phase out 80/87 aviation grade fuel completely. The problem.
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engine coolant, remove the cap only when the engine is cool. Total Cooling System Capacity: Including expansion tank 2.1 (2.2 US qt, ... ENGINE OIL. COOLER ...
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Review of Liquid-Cooled Aircraft Engine Installation Aerodynamics 

NASA Langley Research Center Technical Library, the Library of Con- gress, and the National Air ... There are two sources of German work, the National Technical Infor- mation Service (NTIS) and the "Operation Paper Clip" (OPC) collection.
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MAINTENANCE MANUAL FOR JABIRU 2200 AIRCRAFT ENGINE 

Jul 26, 2012 - Figure 9 â€“ Power / Torque Curves â€“ Typical 3300 Engine . ...... The Jabiru 2200C Engine is rated at 60kW (80 hp). â€¢ 2200C engines with a serial ...
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at least one with a top overhaul. Even the replacement of one cylinder re- quires a break-in regimen. How then do you break-in the engine and per- form taxi ...
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Contains Useful Information Pertaining To Your Aircraft Engine ... The following procedure is required for preheating, starting, warm-up, run-up and takeoff. 1.
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Engine Break-In For New Homebuilt Aircraft 

times, and I have often wanted to try to design one that would adapt to a number of engines, and could be read- ily folded up to ship to customers. One of these ...
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Cooling Drag 

Engine cooling is a popular topic in homebuilt circles. ... More total flow translates into more drag on the airframe. In other words .... the engine and oil cooler.
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COOLING SYSTEM 

Closed Cooling Systems With Coolant Flow. Thru Exhaust .... IMPORTANT: The following information should be observed ..... (drug store, pet shop, etc.). 2.
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COOLING SYSTEM. ON-VEHICLE INSPECTION .... Manual air conditioning system. Automatic air ..... condenser assembly or piping when removing the radiator ...
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