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Engine Cooling Problems?

pilot or assistant. The water manometer. (or airspeed indicator) is connected to small instrument type hoses that are routed through the firewall with one hose. 
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Engine Cooling Problems Diagnosis For Homebuilt Airplanes BY JIMMY TUBES Builders of experimental airplanes can investigate and correct problems with much less FAA "guidance" than owners or operators of factory-built airplanes. Much is written to help pinpoint problems with engines, structures, aerodynamics, etc. but there is not enough information giving practical guidance to solve engine cooling problems. Fortunately, there are some relatively simple methods to diagnose problems through flight testing, and these techniques can also be used to undertake appropriate corrective action.



water manometer or an extra airspeed indicator in the cockpit in full view of the pilot or assistant. The water manometer (or airspeed indicator) is connected to small instrument type hoses that are routed through the firewall with one hose going to the top of the engine and one below the engine. The ends of the hoses are blocked with a plug, and holes are drilled randomly around the hose in the last inch from the plugged end. The illustration provides guidance. The hoses should be routed so that they are clear of the exhaust system, and should be se-



Measuring elevated cylinder head temperature (CHT) and oil temperatures identify the problem, but correcting cooling problems solely through monitoring



curely fastened along the routing. We normally attach the upper hose to the lifting eye on top of the engine. The bottom hose should be in the area of the sump,



set of eyes is always good after a change or maintenance, and airworthiness must remain paramount. When the airplane is ready, flight testing is conducted by flying the airplane in climb and cruise while recording airspeed, power setting, CHT, oil temp, outside air temp, mixture and instrumentation readings. The instrumentation readings will be in miles per hour or knots if using an airspeed indicator, or in inches of water if using a manometer. The manometer reading does not have to be converted since inches of water is the value used for analysis. It is important to hold the manometer vertical during measurements. The method of converting airspeed readings to inches of water is given in Table 1. Obviously, cooling airflow and pressure drop will be higher at cruise than during climb. However, both values are necessary to verify a good cooling system for most airplanes. The climb portion of the test should be conducted at the speed for maximum climb rate and at faster climb speeds that represent the more normal climb attitude. Of course, the climb cooling tests are conducted at rich mixture settings unless the altitude requires leaner mixtures to smooth the engine. The cruise tests should be accomplished at low through high cruise power settings using both rich and lean mixtures. It is helpful if cylinder head temperature (all cylinders if possible), oil temperature and outside air temperature can be monitored and recorded during the testing, but this is not absolutely necessary to make a



of the engine temperatures is time con-



and should not be too near the exit to the



good evaluation of the cooling system.



suming and often futile. The primary sources for this discussion are SAE papers by Montsl and by Miley, et. al.2, the Lycoming Engine Installation Manual 3 and the Pratt & Whitney Installation Handbook.4 To this is added our experience in testing for numerous FAA Certification projects as well as inhouse engine and engine/airframe testing accomplished at Engine Components, Inc. The technique we use to evaluate the health of a cooling system is to install a



cowl, since funneling of the air will skew the readings. Make sure the hose (tubing) does not interfere with any linkage or otherwise cause an airworthiness problem. Also make sure the tubing is not kinked and is open to the manometer or airspeed indicator. If an airspeed indicator is used, attach the hose from above the engine to the pilot side and the lower hose to the static side. It is suggested that the installation be inspected and approved by an A&P or another competent technician. Another



A study of the referenced material will show relationships of pressure drop over the engine to airflow. However, it is not important to be able to understand the computations other than to know what level of pressure drop is required to ensure adequate cooling. Teledyne Continental has not published the pressure drops they desire for their engines, but the Lycoming Engine Installation Manual does specify that the O-320 engine requires 5-1/2 inches of water while the O-360 engine should have 6-1/2 inches
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pressure drop for good cooling. 6-1/2 inches of water is only 0.2346 pounds per square inch, so the drop does not represent a big pressure change. TCM engines should be comparable. Unfortunately, few factory-built airplanes provide 5-1/2 inches of water pressure drop in climb. Fortunately, reasonably good cooling can be achieved at about 4-1/2 to 5 inches of water, although higher is better (within reason). When the data is recorded, then comes the evaluation, and corrective action as necessary. We have recorded pressure drops as low as 0.9 inches of water during climb, and this was with airplanes certificated to CAR 3 or FAR Part 23. The airplanes with low pressure drops had consistent cooling problems or problems with oil consumption. Some were helped using techniques that we will address below. Homebuilts with persistent cooling problems will probably also show low cooling airflow. Fortunately, the pressure drop readings will respond to minor improvements and will provide a powerful and quick measurement of cooling system effectiveness. If the pressure drop is above 4-1/2 inches of water in climb, then a cooling problem is probably engine-related and not due to the cowling, baffling or cooling system design. However, if the readings are at the 1 to 3 inches of water level during climb (or lower), then adjustments should be made. The areas that need to be looked at are: 1. Inner cylinder baffling 2. Gaps in engine baffling and in the seal to upper cowl 3. Insufficient, poorly designed or poorly constructed air inlets 4. Insufficient, poorly designed or poorly constructed air outlets Cooling problems and solutions are most likely found in the fit of the engine baffles and gaps between the baffles and the engine and cowling. The intercylinder baffles are designed to funnel the air flow around the head and barrel and dump the hot air out gaps in the bottom. The airframe manufacturer (or homebuilder) provides the baffles for the front and rear cylinders, and there is no set design other than minimum cooling requirements (Ref. FAR 23.1041, 1043 and 1047). The size of the gaps vary greatly, and sometimes there are significant differences when comparing the same make and model of airplanes. We do suggest that the homebuilder examine installations that are known to work.



The intercylinder baffle gap size will
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IN. OF H20 .44 .79 1.23 1.77 2.41 3.15 3.99 4.92 5.95 7.09



#/IN2 .016 .028 .044 .064 .087 .114 .144 .178 .215 .2558



TABLE 1



have a significant effect on the cooling system and pressure drop measurements. Even if there is sufficient mass flow, and the inner cylinder baffles don't direct the flow tightly around the cylinder heads and barrels, the cylinder fins cannot do their job of transferring the heat to the airstream. The engine and baffles should be the orifice for the system! when the orifice (restriction) is somewhere else, the airstream around the critical engine parts is lazy, and will not efficiently carry the heat away. We have tested several factory-built airplanes with known cooling (and oil consumption) problems and low pressure drop across the engine. We have found that temperatures of the cylinder barrel may be as much as 200°F hotter at the bottom of the barrel than the same location on top. This truly indicates the fins are not transferring the heat to the airstream efficiently. The best baffle seal material is made with silicone rubber (red). This material holds its shape much better, and is more heat resistant than the older cowl seal material. However, do not use the commercially available material that has an aluminum mesh between the layers. This can cut right through your cowl. After sheet metal repairs are made to close up obvious gaps, the next tool is RTV High Temperature Silconc Sealant (Room Temperature Vulcanizing-NAPA Auto Parts, aircraft supply stores, etc.). Jack Riley from RAM aircraft related to me that they found that RTV would adhere to metal as hot as cylinder heads and provide good sealing for long periods of time. There is a persistent rumor that closing one square inch of gap will raise the pressure drop one inch of water. This has not been confirmed, and would only be an average expectation. Changing the design of the cowling should be the last item to evaluate. This is



done after the easy stuff is tried and flight tests conducted to verify that the cooling problems persist. Generally, the problems are not caused by the air inlet holes unless those holes are extremely small. The exit to the bottom cowl, however, may be the culprit, and is often overlooked in the quest to solve cooling problems. As the engine is cooled, the cooling air heats up and expands, so the exit needs more area than the inlet and its location in a low pressure area of the airframe is essential. One method to evaluate the bottom cowling and exit area is to relocate the manometer high pressure instrumentation hose end to a position below the engine (where the low pressure hose was). The low pressure hose is plumbed to the airplane static system. A significant pressure drop shows that the bottom cowling is damming up the air causing lazy flow over the cylinders and through the oil cooler. The answer to this problem is obvious: open the exit, reshape or relocate the exit or install cowl flaps and test again. The cooling data taken during cruise should be coupled with the cylinder head and oil temperature values to ensure that the system is not overcooling the engine. If the cruise pressure values are up around 8 to 10 inches of water, and the cylinder heads are not getting above 350 degrees, then consideration of installing cowl flaps should be made to bring the cylinder head temperatures up to the 370-390°F range considered optimum. If all else fails, call Engine components, Inc. at 1-800/ECI-2FLY (324-2359). The Customer Service folks may be able to help you. (Jimmy Tubbs is an FAA Designated Engineering Representative for Engines and Powerplants. he is also an A&P mechanic and pilot who co-owns a Piper Aztec.) 1. "The Development of Reciprocating Engine Installation Data for General Aviation Aircraft" by Frank Monts, Lycoming Div., Avco Corp., SAE730325. 2. "Determination of Installed Reciprocating Engine Cooling Requirements Through Flight Test" by Stan J. Miley, Donald T. Ward and Michael N. Kelley, Department of Aerospace Engineering, Texas A&M University, SAE830718. 3. "Lycoming aircraft Installation Manual" published by Lycoming Division of Avco Manufacturing Corporation, Williamsport, PA 1963. 4. "Installation Handbook", Copyright 1943 by United Aircraft Corporation, East Hartford, Conn. + SPORT AVIATION 9T
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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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Aircraft Engine Cooling 

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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engine cooling fans dbid 1enr 
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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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diesel engine cooling fans dbid 106b 
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Cooling 

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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1998 toyota camry engine problems dbid 2f1 
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2001 audi a3 engine cooling system dbid 16xe 
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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 

COOLING SYSTEM. ON-VEHICLE INSPECTION .... Manual air conditioning system. Automatic air ..... condenser assembly or piping when removing the radiator ...
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cooling system 

The water pump must be serviced after removing the engine. Other cooling ... Avoid spilling coolant on painted surfaces because the coolant will corrode the painted surfaces. Wash off any spilled ... Drain the coolant. (â‡¨3-9). Disconnect the air ..










 


[image: alt]





Cooling system.pdf 

The corrugated fin high efficiency radiator is located in the front of the engine compartment and incorporates ... Then unscrew the two crosshead screws securing.
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COOLING SYSTEM 

The water pump must be serviced after removing the engine. Other cooling ... tester and apply specified pressure to it. It must hold .... water pump shaft with the tab on the oil pump shaft. ... over a burner and measure the resistance through the ..
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COOLING SYSTEM 

c - Remove Drain Plugs From Exhaust Exhaust Manifold Drain Elbows and Fuel Cooler or Water Tube (Repeatedly Clean Out Holes ... Refer to manufacturer's instructions for in- ... b - Seawater Inlet Slot (MUST Face Forward - Parallel with.
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Cooling System 

The radiator fan draws air through the radiator core when there is ...... Lift the rocker case clear of the dowel pins in the cylinder head and ..... Closed Coil End [G] ...
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COOLING FANS.pdf 

2006 MINI Cooper. 2002-04 ENGINE COOLING Electric Cooling Fans. 2006 MINI Cooper. 2002-04 ENGINE COOLING Electric Cooling Fans. Microsoft ...
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Thermoelectric Cooling Modules 

Z-MAX high performance modules are the culmination of a unique â€œpress and sinterâ€� manufacturing process discovered by Tellurex. The patented metallurgical.










 


[image: alt]





Problems 

The foundation of a rigid tower is a circular concrete block of diameter D, set into an .... instant. The total mass of the exciter is 2 kg and damping is negligible.
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ford explorer 4 0 engine problems dbid 7kht 
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the elsbett cooling system - Quanthomme 

The jets of oil cool the internal walls of the cylinder and, guided by vanes fitted inside the piston body, reach the lower base of the piston head thereby cooling it.
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Cooling Tower Structures 

the amount of reinforcement, beyond a prescribed minimum level, is often controlled by the net difference between the tension due to wind loading and the dead ...
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Cooling Drag - Size 

silicone stopped all leakage. The concept of .... built to be a drop-in replacement for the silicone baffle seal material. ... Plenum Top: plug, mold and finished part.
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practice problems 

Consider these 5 programs in totality and write the best possible way to combine them to ... Ignore all communication overheads. ..... limit the rate transfer. ... know how associative it is, nor anything else about the virtual memory system, for ...
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