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pressure of the liquid. The greater the pressure a liquid is under, the higher the temperature it boils at (turns
from liquid to vapour).

6) Heat spontaneously transfers from hotter objects to cooler objects. The rate at which this transfer occurs
depends primarily on the difference in temperature between the two (the delta-T). When the difference is great,
the transfer occurs extremely rapidly. As the temperature difference decreases - the rate of heat transfer
decreases exponentially. This fact is an expression of Newton's Law of Cooling and understanding it is critical
to dispelling one of the greatest and most-often quoted myths surrounding cooling systems. A good example of
this law can be seen when quenching a red-hot piece of steel in a bucket of water. At first, the temperature
difference (delta-T) between the red-hot steel and the water is huge - therefore the initial heat transfer occurs at
a great rate - the steel initially cools very fast - almost instantaneously. However, after this initial cooling, the
delta-T is much smaller, so the remaining cooling occurs much more slowly. If you removed the steel after a
second or two - it has cooled a lot - but it will still be warm. To continue cooling the steel to the temp. of the
water, you have to leave it in there quite a bit longer - because as it cools - the rate of cooling continually
decreases as well. In short - initial cooling is fast, but subsequent cooling occurs more and more slowly until
cooling that last little bit takes a long, long time. Remember this - we'll come back to it.

Cooling System Basics

A vehicle's cooling system is designed to do one thing - maintain the engine at the proper operating
temperature. Note that | didn't say the purpose is just to "cool the engine". This is one of the first and most
often overlooked aspects of a cooling system (which isn't helped by the name). Yes, it's possible to "overcool"
an engine, and doing so can be almost as damaging as allowing it to overheat. This is because all engines are
designed to operate most effectively and reliably at a certain temperature. This normal operating temperature
takes into account internal clearances, oil viscosity (which varies with temperature), and combustion efficiency
(which affects power, economy, and emissions). Too hot, and critical clearances are lost, oil breaks down, pre-
ignition occurs, metal composition is changed, parts start to weld together and severe damage occurs. Too cold
and combustion is incomplete, power production is reduced, emissions are excessive, economy suffers, and oil
never reaches the proper temperature and therefore viscosity and is therefore too thick to provide proper
lubrication - especially between critical surfaces like main and rod bearings.

To be fair - the majority of the work the cooling system must perform is to remove from the engine heat
produced by combustion - but a good cooling system must also be designed to allow the engine to come up to
proper operating temperature as quickly as possible and then keep it there.

Power makes heat. The more power the engine creates, the more heat it creates. As wonderful as they are -
spark-ignition internal combustion engines are actually pretty damn inefficient beasts. A typical engine will loose
more than 30% of the power it produces to heat production. That's a LOT of heat! Peak combustion chamber
surface temperatures can exceed 500°F and the temperature of the combustion itself can exceed 3000°F. In
fact, if you were to run an engine without a cooling system, even for only a short time, the temperatures
produced could quickly melt the piston and fuse it to the cylinder. Clearly then, cooling is very important in
order to keep this and other component failures from happening.

But that's not all - even in a working engine with a cooling system, well before total component melt down
occurs, if the cooling system isn't up to scratch, excessive heat in and around the combustion chamber will
cause pre-ignition and detonation - both of which have major negative affects on power production, efficiency,
and longevity of the engine and can cause plenty of damage of their own.

The reason I'm pointing this out is two-fold: First - so you have a good appreciation for how much the cooling
system does (and therefore why it's worth investing the time and money into getting it right). Secondly, so you
understand that, just because your engine isn't blowing steam out the rad cap or melting pistons - doesn't
mean that it's working optimally and couldn't use some improvement. Same goes for the guy down the street
(or on the internet)- who's advice you're considering taking - just because he says "l just plugged the steam
ports and haven't had any problems" doesn't mean his cooling system works well or that it won't cause
problems down the road.

Pump Performance Curve and Total System Pressure Drop

Fluid flows because of pressure. It naturally flows from regions of high pressure to regions of low pressure.
This basic theory explains everything from how airplanes fly to weather patterns. When fluid flows through a
pipe, like a garden hose, there is friction between the fluid and the inside walls of the pipe. This friction creates
pressure drop. Pressure is what causes the fluid to flow. If the pressure drops to zero before the end of the
pipe, the fluid will not come out the end - it will just stop as if a valve was closed. Therefore, in order for fluid to
flow through the pipe, the pump must be able to generate enough pressure to overcome, or equal, the total
pressure drop in the pipe.

Take our garden hose as an example. Say we have it hooked up to a 10 PSI pump, it is 20' long, and has a
sprinkler on the discharge end. When we open the tap, a certain flow will come out the sprinkler. The pump
creates pressure, and that pressure causes the water to flow towards a region of low pressure - in this case
ambient atmospheric pressure outside the sprinkler. If we add a 100’ length to the hose we add a whole bunch
of friction and therefore increase the pressure drop in the hose. If the pump still continues to produce only 10
PSI we will get reduced flow and therefore reduced output out the sprinkler. Ultimately, if we add enough hose,
the pump's output pressure will no longer be able to overcome the total pressure drop and nothing will come
out the end. If we connected a hose 5 miles long to the tap on our 10 PSI pump, nothing would come out the
end.

If it helps, we can think of the total system pressure drop as "backpressure" against the pump - backpressure
against which the pump must pump in order to create flow.

Now, these same rules apply equally to a complex series of pipes, tubes, passageways, manifolds, and
restrictions as they do to a simple single pipe. Pump outlet pressure must equal total system pressure drop for
flow to occur. Pump outlet pressure is referred to as "head". Therefore head must equal backpressure. Simple
enough, right?

In the case of our cooling system, it is just that - a complex series of pipes, tubes, passageways, manifolds,
and restrictions. All the various components induce some pressure drop in the system - some large, some not
so large, but they all add up and the pump must be able to overcome the total. In addition, the cooling circuit is
a closed system, meaning the output from the pump returns to become the inlet to the pump - the fluid flows in
a circular route so that if the pump's head cannot overcome the backpressure, flow stops and there is nothing
returning to the pump for it to continue pumping.
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Similar to a rad cap, a thermostat contains a spring-loaded sealing mechanism - but instead of reacting to
pressure, it reacts to heat. Most thermostats do this with what is called a "wax motor". The wax motor is a
cylinder containing a wax pellet that acts directly on the thermostat piston. As the wax heats up, and expands,
it forces the piston to open the seal and allow coolant to pass.

The Gen lII/IV inlet thermostat location is designed to eliminate the following conditions / problems:

1. With the older outlet design, an air pocket could be created under the thermostat after the thermostat was
installed following maintenance or service to the cooling system. Since the coolant was prevented from
reaching the thermostat's wax motor, the thermostat didn't open and allow cooling to begin until the air
pocket had gotten hot enough to cause it - which would happen much later than for coolant, and often too
late to prevent overheating and component damage. This excessive heat would be bad for any engine,
but can be especially damaging for aluminum components. Elimination of this air pocket is one of the
reasons why old-school racers would drill a small bleed hole in the thermostat's flange.

. The second problem is thermal shock that may occur at the radiator when hot coolant is released by the

thermostat when the ambient temperature is near freezing. This sudden release of very hot coolant to a

very cold radiator could cause thermal stress cracking in the radiator.

Because the old-style thermostats were located at the top of the engine where coolant temperatures are

highest, and because any vapour or trapped air always seeks the highest point in a system and therefore

could get trapped beneath the thermostat, this design can lead to unwanted thermal cycling as the area
of the thermostat heats and cools causing the thermostat to repeatedly open and close. The newer inlet
location design was designed to eliminate this potential thermal cycling problem.

N

w

Overflow Tank

All systems, regardless of whether they also use a
pressurized "surge tank" or not, must use an overflow tank.

Also known as an overflow catch tank, overflow bottle,
catch can, expansion tank, or recovery tank the overflow
tank has a simple installation and job. It merely connects to
the "dry", outside, non pressurized area immediately below
the rad cap but above the rad cap seal, so that in the event
the rad cap opens due to overtemp/overpressurization, the
hot coolant and gas that is expelled is collected safely.

This pic illustrates the filler neck on my Griffin rad, where
you can clearly see the outlet to the overflow tank above (or
"on the dry side") of the rad cap seal seat.

The overflow tank is not to be confused with a surge tank or
coolant recirculation tank - though they do appear similar.

The overflow tank serves no function in the normal
operation of the coolant system. It only comes into play if
there is an overpressurization and the rad cap opens, and
then it only serves as a safe, environmentally responsible
collection point for expelled coolant.

If the system pressure reaches the cap’s pressure rating,
the cap’s spring is compressed, forcing the valve open and
allowing coolant to escape through the overflow tube to the
overflow tank. After such an event, as the system cools it
contracts, creating vacuum that opens the other spring-
loaded valve, in the rad cap, allowing coolant in the
overflow tank to be sucked back into the radiator.

The overflow bottle can be distinguished from the surge tank / recirculation tank in that:

o ltis not pressurized

« It has no pressure cap. It may have a non-sealing cap to allow inspection, or no cap at all.

« It has only one line running to it - from the fitting located directly above the rad cap seal seat.

« It will often have a drain cock or valve installed in the bottom for manual draining (which wouldn't be
present on a surge tank).

The differences between the two will also become more clear once we get to the section on plumbing.
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. Hot coolant flows across and down through the radiator, cooling as it goes.
. Cooled coolant exits the radiator via the lower 1-1/2" outlet and returns to the inlet side of the water

pump.

. Returning coolant is blocked from re-entering the water pump inlet if the thermostat is closed. When the

coolant on the inside (engine side) of the thermostat reaches the temperature of the thermostat (e.g. 190°
F) the thermostat opens and the cool coolant enters the water pump inlet to be circulated through the
engine again, starting over at #1.

. Aradiator bleed or vent port located at the top of the radiator connects to the surge tank. Any air or steam

in the system, will naturally seek the highest point and will therefore exit the radiator via this port and
travel to the surge tank. At the surge tank, coolant and steam enter and the steam or air is separated
from the coolant. The lighter steam / air collects and remains in the surge tank at the highest point, just
below the rad cap, to be eliminated first in the event the rad cap purges.

The coolant at the bottom of the surge tank re-enters the engine via the larger, front 3/4 " "heater in" port
of the thermostat housing on the water pump. The "heater out" port is blocked off.

In the event of a system over-pressure condition, the rad cap opens and burps excess coolant and steam
out of the system to be collected by the overflow tank.

Old School - Overflow Tank Only

Though it eliminates the advantages of the surge tank, depending on the capabilities of the rest of your cooling
system, it is possible to run a system with just an old-school overflow tank. Of course, this requires that the rad
cap be mounted on the rad and that the rad be the highest point in the system. It also demands that the rest of
the cooling system be capable enough that the advantages of the surge tank design can be safely done away
with. However, with a good enough system, and especially a big enough rad and good enough airflow,
eliminating the surge tank can save you some space (as their is no need to find a place to mount the surge
tank), save a little plumbing, save a little weight, and simplify the system a little.

The following is the simplest of all systems we shall look at, and there is a certain beauty in simplicity. It deletes

There are a huge number of overflow tanks available from
the aftermarket.

This one from Canton incorporates a sight-tube for
checking the coolant level in the tank, as well as a non-
pressurized cap.

This one from Moroso has neither a sight-tube, nor a cap.

the heater and the surge tank. However, it forgoes the continual de-aeration capabilities of the surge tank and
requires that the rad-mounted rad cap be the highest point in the system. Note however, that the steam tubes
are still correctly plumbed to the radiator. Of course, never plumb the steam tubes directly to an overflow tank!!
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. The flow of the coolant - the higher the better. More flow will always equal more cooling. Do this with a

high-flow water pump, large hoses and passageways, large radius bends, and keeping the passageways
as free of restrictions and blockages as possible.

. The flow of air through the rad - quality, high CFM fans (like those from SPAL), properly shrouded, as well

as appropriate bodywork/ducting to ensure air flows through the rad and not around it. Don't lean the rad
way back, as air will flow over rather than through it.

. The surface area of the radiator - use the biggest you can possibly fit. More details on rad tech to come

shortly but again, short story is - buy an aluminum one from Giriffin!

. The percentage of water in the coolant - for cooling, as we have discussed, water is best - use as high as

a percentage as you can get away with (without freezing, boiling, or corroding the system)

. Pressure. Use the highest rated rad cap you can without blowing a hose or cracking the rad or some

other component. More pressure equals higher vapour point (boiling point) which not only means less
chance of steam pockets or boil-over, but also that the coolant can continue carrying away heat at temps
beyond which lower pressure systems would have maxed out.

. Turbulence. Turbulent (or rough) flow of coolant through the rad ensures that as much hot coolant as

possible is exposed to the cooling surfaces of the tubes. If flow is too smooth (laminar), only a thin outer
layer of coolant is cooled in the rad and an undisturbed, hot core of coolant goes uncooled. That's uncool!
Griffin have some super-trick ways of ensuring turbulent flow in their high performance rads.

Here are Giriffin's "10 Commandments for Maximum Cooling". | agree with them all (I'm sure they'd be relieved
to hear that ;-) as they apply to most normal, street-driven vehicles. For race or other high-performance
vehicles the only exceptions | would take are with regards to the the pressure of the rad cap and the
percentage of Ethylene Glycol or Propylene Glycol in the coolant, as we have discussed.

1. Thou shall make room for an adequate cooling system in the design of your engine
compartment.

First things first. When planning your performance vehicle, remember that you're building it to drive,
not to sit and steam. Plan adequate space for the cooling system including the radiator, fan, shroud,
over flow tank and mounting brackets. Talk with a cooling specialist to help you size the system for
your vehicle, engine and driving habits. Consider the investment compared to the total cost of the
car.

2. Thou shall shroud thy radiator when using a fan.

Fans move air through the radiator assisting in cooling the engine. A fan without a shroud is better
than no fan. But, consider this. At idle or cruising speeds, you need the entire cooling system
working at its optimum. An unshrouded fan is moving air through only the portion of the radiator
equal to the surface area of the fan. For example, on a '32 Ford, the area of a 15.50” fan is about
189 sq. in.; the core of the radiator is approximately 371 sq. in. This means that almost 49% of the
unshrouded radiator is not receiving any benefits of the fan. Shrouding your radiator lets the fan pull
air through the entire core.

3. Thou shall use an electric fan.

Rule of thumb. Only choose a mechanical fan over an electric fan if it's your farm tractor. An electric
fan is preferred because when you need a fan the most (at idle or cruising speeds) an electric fan is
delivering maximum air independent of engine RPMs. Fans that move 2000-2300 CFMs are worth
the investment. Preference should be given to a “pull” vs. a “push” fan. Mounted on the engine side
of the radiator, a pull fan does not interfere with air flow at highway speeds. All shrouded fans
should be on the engine side of the radiator.

4. Thou shall consider airflow or how a radiator cools.

Without adequate air flow, a radiator is just a reservoir for hot water. Coolant transfers heat to the
tubes; the tubes transfer heat to the fins; air moving through the fins dissipates the heat from the
radiator. You need sufficient openings to the radiator that channel adequate air to the entire surface
area of the radiator. You must have a radiator design that allows the air to pass effectively through
the radiator (wider and taller is better than thicker). You must consider how the heat will be
evacuated from the engine compartment.

5. Thou shall use the proper water pump pulley ratio.

To obtain the maximum operating efficiency rate for your water pump at highway speeds, you
should overdrive the pump by 30-35%. Check your pulley selection. Most after market pulleys are a
1:1 ratio. For a 30-35% overdrive, the crank pulley should be approximately 7 7/8” and the water
pump pulley approximately 5 3/4”. This overdrive provides proper coolant flow from the engine and
through the radiator.

6. Thou shall consider the effects of the pressure cap.

The higher rated the pressure cap, the hotter the water has to get to boil. One pound of pressure
raises the boiling temperature 3°F. A 16-pound cap raises the boiling point to 268°F. If your engine
is designed to run at 200°F, a 14-16-pound cap should be sufficient. Running a higher pressure cap
to prevent boil over is putting a band aid on another problem that needs to be fixed. Higher
operating pressure places additional stress on the entire engine system and increases the potential
of hoses bursting and possible injury.

7. Thou shall understand the operating temperatures of today’s modern engines.

All engines have “normal” operating temperatures. Running engine temperatures well above or
below recommended temperatures could cause damage. Most of today’s engines operate in the
180°-210°F range. Pollution laws, new oil blends and higher combustion gasoline have forced
engine design changes that have increased operating temperatures over the past decade. Consider
your engine’s normal operating temperatures when selecting your radiator’s cooling capacity.

8. Thou shall always use a thermostat.

The thermostat controls engine coolant temperature. It stops the flow of coolant through the radiator
until the coolant reaches the thermostat’s preset temperature. Operating your engine within its
temperature parameters reduces wear, helps control emissions and turns any moisture in the
crankcase to steam where it is removed by the PCV system. Select the right thermostat for your
engine’s operating temperature range.

9. Thou shall protect thy cooling system with recommended coolant.
It is essential to use a premium coolant that protects the radiator, other metal parts and seals.
Today'’s coolants are a scientific blend that normally includes water wetter and corrosion inhibitors.
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