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Ducted Cooling for Model Airplane Engines

Engine cooling is often a vexed issue for modellers interested in scale model aircraft, with their fully-cowled engines and the need to observe scale restrictions. In this article, Shayne Lysaght reveals that the cooling vs performance issue is one which challenged the designers of various high performance full-sized aircraft, and the solutions which they developed, can largely be applied to the cooling of model aircraft engines.

Improving Engine Cooling and Aircraft Performance – A good time to be baffled!

Hidden on a shelf at the rear of a hobby shop sits a small box. Dusting off the label reveals “5% performance increase”. The price tag “$25 plus 2 days planning and 5 days work”! Hmm a 5% performance increase is equivalent to adding 300 rpm! Curiosity cannot be contained! A guilty glance around reveals an opportunity to peak into the “performance box………. 

With the permission of “Supercool”, I have copied the below introduction on engine cooling to whet your appetite. The original article is beautifully written and is followed by insights into cooling Pylon F3D engines. The article is available in its entirety online at http://www.supercoolprops.com  and makes fascinating reading for anybody that has an interest in improving model aircraft performance, irrespective of class. 

Ducted Cooling for Model Airplane engines 

On full-size aircraft, quite large gains in performance have been achieved by reworking the cooling system. I have in mind Roy LoPresti's work on the Mooney light aircraft. From my memory, I recall he turned a 160 MPH airplane to a 201 MPH airplane, largely by reducing cooling drag. This seems like an improbably large figure, so let us look more closely at another example, this time not from memory.  

In the magazine 'Aeroplane' for May 1999, there is an article by the late Lee Atwood, vice-president of North American Aviation in 1940, entitled 'We can build you a better airplane than the P40'.  The aircraft alluded to is no less than the P51 Mustang , so we can expect some excitement! 

Lee indicates that the propeller thrust at full power was about 1000lbs. However, the drag of the cooling radiator was of the order 400lbs!  This is shocking, nearly half the available thrust was required just for cooling the engine. For you farmers out there, this is not unlike using horses to plough and harvest your wheat fields: for every 1000 bags of wheat, the horses eat 400! And that is a fact! 

By careful design of the radiator and its ducted cooling system, it was possible to use the heat released by the radiator to generate 350lb of thrust, thereby reducing the net drag of the cooling system to just 50lbs. This was a rather special achievement, possible due to the work F.W.Meredith, in 1935, at the Royal Aircraft Establishment at Farnborough. This reduction in cooling drag was mainly responsible for making the Mustang some 30 MPH faster then the Mk IX Spitfire, despite the higher critical Mach number of the Spitfire wing. 

There are a variety of opinions current on whether it is possible to obtain thrust from the heat residual of I/C engines. That is, the Meredith effect cannot be applied, as the theory is simply wrong. Regrettably, I am too ignorant of thermodynamics to contribute to this debate: however, I believe there may be a book coming out on the cooling theory for I/C engines so watch out for it. In the meantime, if you are an expert and would like to contribute your view to my website, I will happily place your comments here in this article. 
Industry Recommendations on baffling

Engine manufacturers give some guidance in correct baffling and below are the recommendations from both 3W and ZDZ.

3W - Engine Cooling 

A proper cooling system is vital for any engine. An air cooled engine requires an appropriately sized air intake. Also to keep this air cooling process working the incoming air must be exhausted. Further, the exhaust air outlet should be four times (4X) the size of the cool air intake.
Example:
• 10 square inches of air intake area would require
• 40 square inches of exhaust air outlet area  

It is up to you to insure that the air flows freely to, over, and away from, the hot cylinder(s) and muffler(s). Please refer to Engine Installation for motor box considerations, and to the following tips on baffling. 

Baffling
Deflecting of the air (baffling) to and over the cylinder(s) is highly recommended for engine cooling. The idea is to get all of the cool air that is coming through the air intake opening(s) to hit the middle of the cylinder(s) directly, and then be forced over the cylinder(s), creating turbulent air moving through the cylinder(s) fins. The freely flowing, but directed and turbulent air between the fins provides the maximum cooling for an air cooled engine. Without baffling (meaning wood or composite dampers that direct the airflow) the air will take the path of least resistance. Some incoming air will bounce off the cylinder(s) and the rest will escape around the cylinder(s) without coming into contact with the cylinder(s). 

ZDZ - COOLING OF ENGINE - BAFFLINGS 

One of the most important aspects of an engines installation is its cooling. Be sure that ratio between the area for air intake into the cowl and air outlet from cowl of the model is at least 1:3 which means the size of intake is at least three times smaller than the size of outlet vent. 

Directional air baffles are HIGLY recommended. Please see attached photo. The air should be directed to and through the cylinder/s by baffles. Very important is to target the airflow to the centre of the cylinder/s and heads. Baffles can be made of plywood, fiberglass or sheet metal. Overheated engines are NOT covered by the ZDZ warranty. EXAMPLE OF WELL MADE BAFFLINGS
The above guidelines clearly indicate that the manufacturers recommend baffling engines and that damage by excess heat is not covered under warranty. How do we go about getting it right in IMAC planes?

Australian summers produce extreme conditions and therefore Australian IMAC pilots should be world leaders in engine cooling and performance. Serious performance gains are available at little cost. Maybe some cleverly placed balsa, coated in resin or epoxy is all that is required.

In all competition there are efforts made to gain an edge, whether it be improved technology, innovative design, embracing science or better training. It is human nature to compete, and in doing so try to gain an edge over an opponent. Aside from practicing and improving our flying, we look to the equipment we use to get an advantage. Impressive gains have been made over 20 years of scale aerobatics, yet our collective understanding of engine cooling is poor.

A result of striving for more power is that the engines will also generate more heat. 

Cause of Heat

The burning of fuel within the cylinders produces intense heat, most of which is expelled through the exhaust system. Much of the remaining heat must be removed, or at least dissipated, to prevent the engine from overheating. While the oil system is vital to internal cooling of the engine, an additional method of cooling is necessary for the engine's external surface. We use air cooled engines and this cooling system is enhanced by the cylinder heads having cooling fins positioned around the hottest areas. More surface area by utilising bigger, closer spaced thin fins improves cooling. Constructing more fins is limited as it increases weight and/or cost of production, as molding and tooling complications arise. A compromise is reached between the number of fins and the costs of increasing those fins. 

Operating the engine at higher than its designed temperature can cause loss of power, excessive oil consumption, detonation, and serious engine damage, such as scoring the cylinder walls and damaging the pistons and rings, usually initiated on the exhaust side of the piston. 

Summer conditions leave the engine vulnerable and may tip the temperature into the “Red Band” as there is reduced capacity in the ambient air to absorb heat from the engine. Richening the mixture offers some protection but can adversely affect the engines mid range and idle, and is not the best alternative in cooling the engine when we are trying to extract as much power as possible. 

In time, systems will be available to alert the pilot of engine limits being approached, allowing the pilot to reduce power before damage occurs, or an on-board system providing automatic throttle restriction or shut down to protect the engine from damage. 

A holistic approach to performance is needed rather than simply relying on engine capacity. There is more to improving performance than adding power. Adopting a big stick approach to performance may not yield the results that a scientific design may offer. 

Understanding Cooling Drag

“The impact of inlet and exit design on cooling and cooling drag is shown be of major significance.”
NASA Contractor Report 3405
An Experimental Investigation of the Aerodynamics and Cooling of a Horizontally-Opposed Air-Cooled Aircraft Engine Installation 

The listed report is interesting reading, not only in light of the results but also the detail and processes undertaken. What is also clear is the difficulty in quantifying the impact of cooling drag. One of the possible reasons model aircraft have not fully embraced the improvements of engine cooling is the difficulty in taking accurate measurements. Thankfully systems are now available to measure and record CHTs, EGTs and airspeed, criteria that could indicate whether alterations are improving cooling and or airspeed and the correlation between the two. 

Looking at the two elements of the problem gives a clearer picture of the limitations that need to be overcome. 

Firstly let’s assume an airframe has an engine that requires no cooling. The heat is completely dissipated through the exhaust. This would allow the engine and front of the aircraft to be completely shrouded, smoothing the cowling and requiring no holes in the front of the plane. We then measure the drag of this airframe in a wind tunnel. 

Next we install an engine that requires air cooling into an exact clone of the previous airframe. We build intakes, baffling and air outlet holes to keep this engine cool. The engine remains within limits. Off to the wind tunnel to measure the drag. Obviously the drag will be greater; the difference in drag between the two airframes is “cooling drag”. Our aim is to reduce this drag to a minimum and still be able to keep the engine operating within its designed temperature limits. 

Baffles, diffusers and plenums - Principles of good cooling

Full size aircraft provide the best guidance for the systems and designs that could be included in model aircraft. 

“Dropping CHTs by 30 degrees F while increasing airspeed 5 kts (2½%), made this project well worth the effort.” 
Not Just Effective, But Efficient Engine Cooling, Efficiency Improvements for the Lancair 360

by Chris Zavatson rev. 8-10-2005 

The majority of aircraft piston engine cooling is done by air. The aircraft engine cowling is equipped with air inlets that allow the air to be directed into the engine compartment. Baffles route this air over fins attached to the engine cylinders, and other parts of the engine, where the air absorbs the engine heat. Expulsion of the hot air takes place through one or more openings in the lower, aft portion of the engine cowling. 

On a standard design, aircraft (with engine in front) the propeller and the relative wind drive air into the inlets.  In cruise, the relative wind does most of the work of pushing air through the inlet. In full size aircraft the engine is kept within the operating temperature range by limiting power, increasing airspeed, richening the mixture or using cowl flaps to control the amount of airflow out of the engine compartment. These cowl flaps are hinged doors, usually on the bottom of the fuselage that can be opened to provide more cooling, or if the engine is well within operating limits then they can be closed or partially closed to reduce drag and improve the aerodynamic performance of the aircraft. An engine failure on a light twin engine aircraft requires the cowl flaps to be closed as part of the engine failure procedure to optimise performance. It’s that significant! 

 
Lancair 360 with circular diffusers into 100% sealed plenum chamber.
Inlet holes should ideally be round as this provides the greatest volume of air for the smallest surface area. If not round, then smooth inlet curves are preferred to reduce the amount of turbulent air entering the engine compartment. 

Efficient cooling is achieved by having high pressure air passing slowly over the cooling fins allowing the air to absorb as much heat energy as possible. As air enters the engine compartment it needs to be slowed down and the pressure increased. This is achieved by expanding the air into a plenum chamber. Air that expands into this chamber slows down and pressure increases! This is the reverse of air accelerating over the top surface of your wing and pressure reducing! 

The air should be directed through the cooling fins. The baffling needs to be a sealed as much as possible, as any leaking reduces the efficiency of the cooling. 

An efficient cooling system is defined by increasing performance while keeping the engine temperature within limits, not the size of the intake!
The air then needs to be accelerated as it exits the cowling by smoothly constricting the baffling and directing it towards the outlet ducts. 

So, ambient air is rammed through an intake, increases its pressure, is heated, increases in velocity and exits into the airflow. Could we be describing a basic jet engine or a well ducted cooling system around an internal combustion engine? Could we apply this effect to reduce the drag of the cooling as is described in the P51 introduction above? 

Could a clever model aircraft designer utilise this exhaust air vector to reduce thrust/drag couple mixing or pitching on knife edge? Could the same designer position an exhaust/cooling outlet on the rear right side of the fuselage to complement or replace the amount of right thrust required? 

Above picture shows Rare Bear with cowls off and below shows cowls on. Notice how small both the inlet and outlet air ducts are! Rare Bear won 2007 Unlimited Reno Air Race. 

Applying these principles to our IMAC aircraft 

Custom make required! 

·        Two types of cowling shapes exist, round intakes for scale radial engine aircraft like the YAK, or letterbox shaped intakes for inline boxer engines like the Extra!
·        Two engine shapes dominate the market, the flat 2 cylinder engine or the single cylinder engine.
·        Carburetor positions can be either rear or front induction. 
·        Access to the engine through the cowl is either by pulling forward over the front, after taking the propeller off or alternatively by lifting the cowl off the top of the engine after unscrewing.
·        Canister mufflers are most common, with tuned pipes becoming more wide spread.
·        ARF aircraft vary greatly in design and many areas most suitable for cooling are filled with odd corners, some have undercarriage legs while others have the tuned pipe running through the radio/tank area. 
Design and build your own system! 
Clearly there are too many variations in aircraft and engine design to cover all options here! The basic principles remain the same. 
·        Round inlets, if not round due to scale restrictions, then curved edges and moldings that limit turbulence and therefore drag.
·        Expand the air after the inlet duct to reduce velocity and increase air pressure. This is achieved by having the air expand into a plenum chamber.
·        The slow speed, denser air is then ducted closely around the cooling fins of the engine. This must include the fins at the rear of the engine.
·        The slow speed, now heated air is then smoothly and subtly constricted to increase the velocity as it is directed toward the outlet ducts/vents. 

Some options to think about within your aircrafts specific requirements below! 

·        Smooth round ducts and baffles improve efficiency as turbulence creates drag.
·        Many IMAC aircraft struggle to get the CoG forward. Why not spend some time baffling the engine, adding functional weight rather than dead lead.
·        Balsa, ply, carbon fibre, fiberglass, aluminium are all suitable to build your baffling, remember to strengthen, insulate and fuel proof the balsa/ply with resin or epoxy.
·        The better the airflow sealing of the system the more efficient it is likely to be.
·        Add Feux carbon fibre, care of vinyl stickers, cut to cover the entire front duct.
·        ZDZ release two different single cylinder configurations. The US market has the carburetor aligned for inverted cylinder position while the European market demands that the engine is installed with the cylinder mounted to the right. The European market has got this right. I have seen some engine installations in Extra/Edge aircraft with the cylinder mounted inverted. The cowling underneath is then removed to expose the engine fins to the airflow. The correct approach is to mount the engine on its side, ducting the original intake over the one cylinder. Block off the unused intake on the left (add feux fibre to blend the intake).Also block off a significant amount of the unused area behind the left intake. The canister or tuned pipe can be run along the aircrafts centerline with the ducting directed from the cylinder to follow the exhaust. Concerns about lateral balance are unwarranted as batteries/servos can be installed on the left to achieve equilibrium.
·        If engines had removable cylinder heads (top only), you could realign the cooling fins so that you could build the expansion chamber above the engine and duct all air vertically down through the fins toward the bottom of the airframe.
·               Increasing the number of exit holes along the bottom of the fuselage to allow air to exit after cooling the pipe may not be effective unless it is positively ducted out. This is because the external air pressure under the fuselage may be too high to allow the internal air to exit. The fuselage skin is critical to the structural integrity of the airframe. Creating a lot holes leaves the fuselage vulnerable to failure. 
·               With pipes installed it may be best to cool the pipes with an independent system that utilises the scale hole used for oil cooling located under the engine. The engine can be cooled using the front intake cowling ducts with the air vented separately from the pipe below the engine bulk head. 
·               Don’t discount benefits available to Yak/Sukhoi with circular cowling, as the fastest piston engine aircraft in the world have round cowls, annular intakes with air cooled engines. 

Testing time, equipment that will help! 
·        CHT gauge and recording device
·        EGT gauge – not required but would give a better overall understanding of the changes from one design to another
·        Laser temperature gauge.
·        Airspeed indicator and recording device– pressure is best or you could use GPS or a speed gun. The GPS and speed gun tests would only work in very consistent stable air by replacing different cowls in a short space of time.
·        In-flight RPM reading and recording
·        Small environmental display – displays ambient conditions
·        2 cowls, one factory and the second with baffling modifications. As a design in one cowl is found to be an improvement it then becomes the base line for modifications of the second cowl and each design leapfrogs the last until improvements become negligible. 
The following is a cut and paste about the P51 and cooling drag. 

So if it wasn't the laminar flow wing (of the P51) that gave it its high speed and extensive range, what was it? 

The most prominent speed secret was the dramatic reduction of cooling drag. Placing the air scoop on the belly just in front of the rear edge of the wing removed it as far as was practicable from the turbulence of the prop and placed it in a high pressure zone which augmented air inflow.  Tests in the wind tunnel with the initial flush mounted scoop were disappointing.  There was so much turbulence that cooling was inadequate and some doubted that the belly scoop would work.  The breakthrough was to space the scoop away from the surface of the belly out of the turbulent boundary layer of the fuselage. Further testing showed that spacing it further out would increase cooling but at a cost to overall drag. Various wind tunnel tests established the spacing at the current distance which represents the best compromise between spacing out from the turbulent flow of the fuselage, drag and airflow. 

With the flow into the scoop now smooth and relatively no turbulent, the duct leading to the radiator/oil cooler/intercooler was carefully shaped to slow the air down (the duct shape moves from narrow to wide, in other words a plenum chamber) enough from the high external speeds to speeds through the heat exchangers that allowed the flow to extract maximum heat from the coolant.  As the air passed through the radiators and became heated, it expanded.  The duct shape aft of the radiator forced this heated and expanded air into a narrow passage which gave it considerable thrust as it exited the exhaust port.  The exhaust port incorporated a movable hinged door that opened automatically depending on engine temperature to augment the airflow.  The thrust realised from this "jet" of heated air was first postulated by a British aerodynamicist in 1935.   The realization of thrust from suitably shaped air coolant passages is named after him and called the "Meredith Effect".   Some have said that at certain altitudes and at a particular power setting the Meredith effect was strong enough to actually overcome all cooling drag; this is not regarded as being accurate by most aerodynamicists.  It greatly contributed to overall efficiency of the cooling system but never equaled or overcame cooling drag. 

Combine the low overall drag of the Mustang with significantly greater internal fuel tankage than the Spitfire, Messerschmitt or Focke-Wulf 190 and you can easily see how it could fly so far.  Add the two 105 gal external wing tanks and the Mustang was fully capable of flying to any target the heavy bombers could attack in the ETO.  Kit Carson mentioned that he flew more than 35 missions during which he was in the cockpit for more than 5 hours. 

…………What shiny gadget rests within the unobtrusive box to increase performance by 5%? As light penetrates the depths of the box it reveals several sheets of balsa and plywood, a mat of fibre glass and some resin. No instructions, no metal parts. The box is returned without ceremony. Minutes later the cash register rings $800 for pipes and props! 
Recommended internet info for those interested in more information: 
Search; You Tube Unlimited Gold 2007  http://www.rarebear.com
 

Shayne Lysaght
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