Healey cooling system improvements

Austin Healey 3000s have a reputation for getting warm (engine coolant, not occupant) at slow speeds.  This article suggests some methods of combating this tendency.
Cylinder block cleaning

The writer recently dismantled a Healey engine which had not run for nearly 30 years and had been stored without coolant.  When the core plugs were removed  brown dust (rust) about one inch deep was found in the bottom of the coolant passages, up to well above the bottom of the core plugs.  This was probably present when the engine was running.  Most was removed with a vacuum cleaner and an air line.  For a running engine with cooling problems, flushing the block with clean water will be beneficial.  Removing the core plugs prior to flushing will probably be even more beneficial.

However, thorough cleaning the water ways of the cylinder block is probably not possible with the engine assembled.  If the engine is dismantled then the block can be chemically cleaned (remove all Aluminium such as engine no plate) which will improve heat transfer within the block.  This will also destroy any bearings remaining in the block, such as cam bearings.  However, cast iron soon becomes rusty in air, so this benefit is reduced over time, and the block eventually sludges up.

If the block is resin impregnated immediately after cleaning, the cast iron has resin in its surface pores, and this prevents rusting of the cast iron.  If the rusting continues to be prevented when the block is in service, then cooling will not deteriorate with engine life.  My cast iron is rust free after 18 months.
Radiator

A common mod is to fit an improved capacity core into the existing radiator.  In the writer’s case this was claimed to improve heat rejection from the radiator by 30%, but this is likely to be based upon theory, and the real world improvement is probably less than this.  A 20% improvement would seem a reasonable real world claim.

This is because the increased number of tubes will increase coolant flow, but the increased number of fins at closer spacing, while increasing surface area, will also increase air resistance, and so the actual cooling benefit will not be as good as the theory would indicate.  Ref A was taken from the Healey 6 website and discusses radiator materials, design and fan cowls (see later).  Read from fourth paragraph of the section “Aluminium or Copper”
Ref A: https://coolcraft.com/radiator-core-styles#Alum
Ethylene glycol
Conventional classic car automotive cooling systems run a 50% ethylene glycol in water solution all year round.  This 50% solution provides freezing point protection down to -36.80C, which is much lower than any temperature recorded in the UK (-27.20C in various places in Scotland in 1895, 1982 and 1995)
The addition of 50% ethylene glycol to water has some other consequences for the cooling system.  Most of the properties of the liquid in the cooling system are dependent upon the temperature of the liquid, which has been taken to be 1800F (820C)
First of all, the dynamic viscosity of an ethylene glycol in water solution is increased compared with the dynamic viscosity of clean water.  Hence the pressure loss in a piping system (such as a cooling system) is increased compared to clean water, which reduces the coolant flow rate in an automotive cooling system.

Secondly the specific gravity of an ethylene glycol in water solution is increased compared to clean water.  Hence the density of an ethylene glycol in water solution is increased compared to clean water.

Third the specific heat of an ethylene glycol in water solution is less than the specific heat of clean water.  Hence in order to remove the same amount of heat as a system operating on clean water, flow rate must be increased.  Since the flow rate of most automotive systems is governed by the installed pump, and the associated cylinder block, head, coolant hoses and radiator, that means that the addition of ethylene glycol reduces the cooling capability of the cooling system.

Ref 1 states that the increase in circulated flow required for a 50% ethylene glycol in water solution at 1800F is 14% (to remove the same amount of heat), and that when the pressure drop correction is combined with this the increased flow rate required becomes 23% at 1800F.

So what?  Basically running a car on clean water instead of a 50% ethylene glycol in water solution will give approximately a 23% improvement in heat transfer from the engine.  This does not account for the performance of the radiator, but running on clean water would certainly improve cooling.

Most classic cars no longer live outside, but are largely cosseted in garages, which reduces the minimum temperatures likely to be experienced.  A 25% solution of ethylene glycol in water freezes at -10.80C.  This is likely to be sufficient protection for most cars stored in garages during the winter in the UK.

At a 25% solution of ethylene glycol in water it would be reasonable to assume that the performance of the cooling system, measured by the amount of heat rejected, which is the purpose of the cooling system, would be about 11% worse than using clean water but 11% better than a 50% solution, while giving acceptable protection against freezing.

However, clean water does not contain any additives to control corrosion of the cast iron, aluminium, brass and other materials with which the coolant comes into contact.  It is possible to find automotive corrosion inhibitors which are designed to be added to clean water in an automotive cooling system.  The use of these is likely to provide performance close to that achieved with clean water.
Water wetter

At least one of the corrosion inhibitors is sold as a surface tension modifier which is said to reduce coolant temperatures by up to 150C.  An explanation of the effect of surface tension modifiers applied to industrial heat exchangers is given in Appendix A, which claims 10% to 25% improvements in energy savings, ie: heat transfer, from a liquid/air heat exchanger.  Since the temperature quoted above is 22.4% of the temperature difference between coolant (820C) and ambient on an ISA day (150C) these two figures do seem consistent.
Fan cowl

The standard arrangement has a fan behind and close to the radiator, but no fan cowl is fitted.  The fan can therefore only be claimed to be drawing air through the radiator within the fan disc.

The Austin Healey 3000 radiator core measures approximately 430mm high by 370mm wide, giving an area of 159,100 mm2
The standard fan is 15” diameter, giving a disc area of 114,009 mm2, which is 72% of the radiator area.
If a fan cowl is fitted, air will be drawn through the entire radiator, increasing the cooling area used by 28%.  If a more efficient plastic fan is fitted, properly cowled, then it can be expected that the airflow will increase, but by how much is not known.  Some information on fan cowl design is given in Ref A, in the section “Do you need a new radiator”.
Conclusion
The effect of improved radiator, pure water and water wetter are each claimed above to be 20%, so adding a bit for a clean block and a fan cowl, less 10% for 25% antifreeze, still gives a cooling improvement of 50%.  The benefit of the fan and cowl will be emphasised at low forward speeds, and will be reduced at higher road speeds, when the Healey cooling system is in any case normally considered to be entirely adequate.
Ref A:
 https://coolcraft.com/radiator-core-styles#Alum
Ref B:
https://www.engineeringtoolbox.com/ethylene-glycol-d_146.html
Appendix A

Reduced surface tension improves heating system efficiency

October 28, 2016 By The Energyst 2 Comments 

Sponsored: It is well-established that imperfections in a heat exchange surface can have a negative impact on heat transfer. Tony Willis of Sabien Technology explains how a CIBSE award-winning additive to reduce the surface tension of the heating fluid can improve performance.
The efficiency of heat transfer from a heating fluid in radiators, air handling units and heat exchangers is influenced significantly by the condition of the heat exchange surfaces. Anything that reduces the contact between the heating fluid and the inner surface of the heat exchanger will inevitably reduce the rate of heat transfer.
This is a well-recognised phenomenon and common procedures to mitigate it include power-flushing to remove sludge and scale and the addition of inhibitors to prevent further scale formation.

However, even in the cleanest, scale-free wet heating system there will be microscopic crevices and imperfections on the internal heat exchange surfaces. These effectively create gaps between the heating fluid and the heat exchange surface – gaps that the heating fluid is normally unable to enter because of its natural water surface tension.
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Now, a heating system additive called EndoTherm (recently the recipient of CIBSE’s 2016 Energy Efficiency Award) reduces the surface tension within the fluid, enabling it to fill these ‘micro-gaps’ and make closer contact with the heat exchange surface.

EndoTherm, is an organic based inert system additive that is fully compatible with existing heating inhibitors and heating system water treatment. Typical dosage to the system would be 1% of the total system volume, and will not require further dosing for 5 years under normal system conditions.

Independent ‘in field’ verification on over 50 projects has demonstrated energy savings of between 10% and 25% and paybacks typically within two years. These projects involved many different building types, ranging from schools and leisure centres to offices and care homes.
System efficiency
As a result of the improved heat transfer, set-point temperatures within the heated spaces can be achieved more quickly so that plant usage and fuel consumption are reduced. In addition, the increased heat transfer can result in lower return water temperatures (delta T) to the plant room to support improved condensing by condensing boilers. Low return water temperatures may also help to improve the efficiency of low carbon heat sources such as heat pumps and CHP.
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