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Flow - cross and down

Almost all radiators today are "cross-flow". This simply means that the tanks are on the sides of the core, and
that the coolant flows horizontally through the tubes from one tank to the other.

A cross-flow radiator with tanks on the sides of the core.

Years ago, most radiators were "down-flow" design where one tank was on top of the core and one was below

805‘733 2060 so that the coolant flowed down, vertically, from the top tank to the bottom. This style is still popular today in
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some circles such as the hot-rod scene.

A down-flow radiator with tanks above and below the core.

Many, many myths and old wives' tales can be traced back to the old down-flow style radiators and their design
and construction. We will deal with them in a separate section. For now, unless you are trying to reproduce a
classic hot-rod look or are intent on replicating the factory setup in a rig that originally used a down-flow
radiator, know that a cross-flow radiator is the better design because:

¢ In a cross-flow radiator, the radiator cap (pressure relief valve) is located on the low pressure (non-inlet)

side of the radiator. This prevents the pressure created by a high-flow water pump from forcing coolant
past the radiator cap at high engine RPM.

Because the rad cap is really a pressure-sensitive relief valve that sets the system pressure, when it is
located on the high pressure side (as it is in a down-flow radiator) it "senses" the high pressure side and
sets the system pressure based on this and therefore overall maximum system pressure is less (the valve
opens when the high-pressure side reaches the cap's rating). In contrast, when the cap is located on the
low pressure (non-inlet side), as it is in a cross-flow radiator, the cap "senses" and sets the system
pressure based on the low-pressure side - with the result that overall system pressure is higher in this
configuration. For example, a 22PSI rad cap located on the low pressure side of a cross-flow rad
effectively becomes a 10PSI cap if it were located in the high pressure side of a down-flow radiator.
Because the rad cap on a down-flow radiator is located on the high-pressure inlet side, coolant
flow/velocity must be reduced so that rad pressure doesn't exceed the cap's rating. As we have seen,
when flow is reduced so is cooling efficiency,and when velocity is reduced, so is flow turbulence and
therefore cooling efficiency.

Flow - single-, dual-, triple-pass

Crossflow

=

The diagram at left depicts the flow in a single-pass cross-
flow radiator.

The tanks are completely open inside and coolant flows

horizontally, in one direction only, from the inlet (high

pressure) side to the outlet (low pressure) side.

This results in the inlet and outlet being on opposite sides

of the radiator.

If a rad cap is mounted on a single-pass rad, it is located on

|

b, the low pressure (outlet) side.
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In a dual-pass rad like the one pictured above, the coolant only has half the number of tubes to flow through at
a time - that is, the cross sectional area is halved. And because q=AxV, since the area has halved, for a given
flow produced by the pump, the velocity of the coolant doubles. Because velocity increases, so does
turbulence. Velocity also has a beneficial effect on the heat-transfer coefficient (how well the radiator sheds the
heat in the coolant).

Lastly, in a dual-pass radiator, the delta-T (temperature difference) between the coolant and the airflow will be
less on the second pass than it is on the first pass - which means heat transfer from the coolant to the air will
be less on the second pass than the first.

So again, in general, when compared to a single-pass rad, the dual-pass rad has some degree of:

« Increased pressure drop across the rad from the inlet to the outlet.

* Decreased flow rate.

« Higher velocity and more turbulent coolant flow, with attendant increased heat transfer coefficient.
» Intermediate delta-T between the coolant and airflow on the second pass.

[ =R Of course, all this is also a circular process. Area is reduced -> velocity goes up -> pressure drop goes up ->

;'l head goes up -> flow goes down -> velocity goes down (remember q=AxV at all times) -> pressure drop goes

i il down -> head goes down -> flow goes up -> and so on (the system quickly reaches a point of balance or
ree Sn’"ﬂﬂlﬂ equilibrium, it just isn't easy to calculate with a simple equation).
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There are two final considerations with regards to a dual-pass radiator compared to a single-pass:

805.783.2060 « Adual-pass configuration is ideal for locating the rad hoses on the same side of the engine, as is often
the desired configuration with "LS" motors. This is especially important if you don't have room in a
cramped engine compartment to run an upper rad hose over the top of the fan(s).

« In a dual-pass radiator, the rad cap is located on the tank that doesn't have the inlet and outlet. This
essentially positions it between the high pressure inlet and the low-pressure outlet - or in a region of
"medium pressure". This is an important consideration in choosing a rad cap pressure rating for a dual-
pass radiator. However, this region of "medium pressure" is a relative term given the greater total
pressure drop through a dual-pass rad.

How all these factors balance out and therefore the overall effect on cooling system performance of replacing a
single-pass rad with a dual-pass rad depends on which, if any, of these factors is the limiting factor on that
system's performance. Attempting to calculate and quantify this is a complex problem requiring advanced
knowledge of fluid dynamics and thermodynamics and advanced modelling techniques. It is likely well beyond
the ability of any enthusiast.

The best we can do is understand the general principles at play, and then consult the experts as to whether or
not a dual- or even triple-pass rad can or will be beneficial to your cooling system. One cannot definitively say
that a dual-pass rad always cools better than a single-pass rad or vice-versa, but there are certainly cases
where a dual-pass radiator can be very beneficial if applied to a properly engineered cooling system. The best
advice | can offer is: before considering a dual-pass or triple-pass radiator for your vehicle be sure to consult
cooling system professionals like those at Griffin Thermal Products.

Inlets and Outlets

Inlets and outlets should be chosen to match the diameter of the water pump inlet and outlet. In the case of the
"LS" motors the water pump outlet is 1.25" and the inlet is 1.5". They can be placed on either side of the rad,
either together (as in a dual-pass radiator) or on opposite sides (as in a single-pass or triple-pass radiator). For
older conventional V8's, Chevy engines normally had the rad inlet on the left and the outlet on the right. In
Fords they were reversed with the inlet on the right and the outlet on the left. On the older gen | GM V8's the
water pump outlet was usually 1.5" and the inlet 1.75".

Filler Neck / Rad Cap Location

:j-lree sngpping}
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As has been covered, if you are going to use a radiator with a filler neck and mount the rad cap to the radiator,
the filler neck should always be placed on the low-pressure tank - i.e. the one that doesn't have the radiator

805.783.2060 inlet.
Additional Ports & Plugs

Due consideration should be given to the location and size of steam ports and surge-tank vent ports.
Remember they should be located on the low pressure side, just below the rad cap. Most high performance
rads do not incorporate a built-in drain plug at the bottom since this can create an unnecessary potential leak
point and most racers wouldn't use a drain port for maintenance since the whole system usually comes apart
for inspection and replacement as necessary when maintenance is scheduled. Griffin does not normally install
a drain in their race radiators since most racers don’t use a drain, and, given the wide variety of chassis a race
radiator can be used in, it would be impossible to find a location for the drain that would suit every possible
application.

Airflow

The best radiator does no good without adequate airflow. Airflow is measured in cubic feet per minute, or CFM.
In your design, be sure to allow for adequate airflow at both high and low vehicle speeds. Airflow design for low
speeds is fairly easy - you need one or more good quality, powerful fans and a good, complete shroud. Without
a shroud you can loose as much as 50% of the CFM you would otherwise have.

Ensuring good airflow at higher speeds is more difficult, because high-speed airflow can do weird and
wonderful things and you need to account for aerodynamic flow and different air pressure zones. Rather than
teach a class on aerodynamics, here are some basic tips:

« Radiator location and angle is critical to ensuring good high-speed airflow. The best installation for cooling
purposes is to have the rad stand straight up vertically in the airflow. Of course, this doesn't help the car's
aerodynamics, visibility over the hood, aesthetics, or engine compartment packaging very much; and
brings us in to conflict with the rule about using the largest rad possible. If we install a very tall rad, there
often just isn't room to stand it up straight. As a result, many people lean the rad back at an angle to lower
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spec sheet

suction / aspirante

blowing / soffiante

Static Current Current Static
pressure : input _ : input g pressure
Prossions Wit | B | ol | | ot || St | | Porata  Prossione
== mih A CFM méh A CFM inH,0
0 2780 13,9 1640 2860 139 1687 0
5 2430 15,2 1469 2560 148 1510 02
10 2120 16,0 1251 2280 15,8 1345 04
15 1600 15,9 944 1920 16,6 1133 0,6
20 1020 16,7 602 1360 171 802 0,8
25 730 18,0 431 890 17,8 525 1
30 510 18,9 301 500 18,5 295 12
35 160 20,5 94 0 210 0 14
40 0 21,8 0 1,6

Static pressure/Pressione statica mm H,0

50,0
47,5
45,0
42,5 1
40,0 4
37.5
35,0 1
32,5
30,0
27,5
25,0 4
22,51
20,0
17,5 1
15,0
12,51
10,0

7,5

5,0 1

2,5

0,0

this document.

SUCTION / ASPIRANTE

= VAD1-AP90/LL-E6A
= VAD1-AP70/LL-36A
— VAD1-AP70/LL-66A

VA34-APTO/LL-36A
—— VA3Z4-APTO/LL-66A
= VAD1-AP76/LL-89A

VAO1-AP70/LL-B9A
= VALD-AP70/LL-61A

.

Water Pump

250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250

Airflow/Portata m*/h
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On the other hand, if you suspect that you are not getting all the performance you need from your cooling
system you can usually safely overdrive (speed up) the water pump by 20-30% to increase flow and this can
make a noticeable difference in cooling performance.

The first indication of a weak or failing water pump may often be observed as a problem with the rear-most
cylinders - such as a lean condition (evident in plug readings or exhaust temperatures or a pre-ignition
condition). This is because the engine block and cylinder head water jackets form a manifold through which the
water pump must pump the coolant. If the pump is unable to produce the required pressure or flow, the farthest
point from the pump (the rear cylinders) will experience the problem first.

Thermostat

My recommendation is to always use a thermostat. The reason is simple - its job is to regulate operating
temperatures so that the engine warms up as quickly as possible, and then remains at the designed operating
temperature. Without a thermostat, the engine may take far too long to warm up, and in some conditions may
not warm up properly at all. When the engine is below operating temperature the oil's viscosity is too high to
properly lubricate the engine, particularly the critical bearing clearances. Combustion efficiency (and therefore
power production), emissions, and component wear also suffer.

One thing to be careful of though, when designing your system and using a thermostat, is to ensure your water
pump has an internal bypass circuit (refer back to #6 in the flow diagrams above). Most do, but some
aftermarket high-flow racing pumps do not. For these pumps, a special thermostat with a bypass hole is used,
or the user drills their own bypass holes in the thermostat (typically one to three 3/16" holes) so that the system
can flow when the thermostat is closed.

If you choose to run without a thermostat, do not use a restrictor. The restrictor will do nothing for you except
reduce coolant flow which ultimately reduces cooling.

Years ago restrictors were popular for two reasons that do not hold true today. First, as we have discussed,
older radiator designs (large cross-sectional area copper tubes) were poor at promoting the necessary coolant
turbulence in the radiator, so a restrictor was used to cause the coolant to begin tumbling as it exited the
engine and entered the radiator. Secondly, with engines that had the thermostat located in the outlet of the
engine combined with down-flow radiators that had a fairly low pressure radiator cap on the high pressure inlet
side, if the thermostat was removed the increased pressure seen by the cap from the water pump could cause
the cap's rating to be exceeded and the valve to open and purge coolant. Since this opening of the rad cap is
what regulates system pressure, it meant that the overall system pressure would now be lower - the cap would
open sooner than if the thermostat were in place holding backpressure in the cylinder head. Since system
pressure was now lower, coolant vapour point was lower, and therefore the coolant's ability to effectively carry-
off heat from the engine at higher temps reduced. This in turn would result in eventual overheating. Many folks
erroneously assumed that the overheating was due to the coolant flowing through the radiator too quickly with
the thermostat removed, that it didn't have time to cool in the rad. As a result, restrictors were used to "slow the
flow of the coolant" and the car stopped overheating. Unfortunately, these folks didn't understand the real
cause and effect of the overheating that they experienced after removing the thermostat, and this led to two
enduring myths that persist today.

What was really happening was that the removal of the thermostat didn't cause the coolant to flow too fast to
cool (we know this is an impossibility), but rather caused a condition where either system pressure (and

therefore coolant vapour point) was lowered or where the rad purged coolant which caused the car to overheat.

The end result was the same - the car overheated - but the cause and effect were confused and so the myths
that a) removing a thermostat can cause a car to overheat and b) coolant can be pumped too fast through a
radiator to cool properly began. Neither of these are true.

Of course, today's cross-flow radiators that locate the rad cap on the low-pressure side, do not subject the rad
cap to the maximum pressure created by the water pump and so are not susceptible to the pump forcing
coolant past the rad cap. We also know now that all systems benefit from maximum flow - never from reducing
flow.

Ultimately, reducers reduce the flow of coolant which actually hurts system cooling efficiency, not improves it.
Plumbing & Bleeding

Coolant hoses should be as large as possible consistent with the diameter of the water pump inlet and outlets.
radiator inlets and outlets should be spec'd to match. Small Block Chevys typically use a 1.5" engine outlet and
a 1.75" water pump inlet. "LS" motors typically use a 1.25" water pump outlet and a 1.5" water pump inlet.

Where bends are necessary, they should be large radius bends. It is a good idea to use some sort of internal

support inside a hose bend to prevent the hose from collapsing and reducing or shutting off coolant flow. High
quality hoses and periodic hose checks and replacement are a must. If a fairly high pressure rad cap is used,
consideration should be given to double-clamping all hose connections. The higher the system pressure, the

more critical hose inspection and replacement become.

The use of stainless-steel braided hoses in the coolant system is actually a detriment to cooling as the outer
metal braid serves to insulate the hose and trap heat inside. The use of all-metal pipe or hose is ok, as it will
actually help to dissipate heat. So, all-rubber, or all-silicone, or all-metal hoses (with rubber connectors) are ok,
but metal coated or sleeved rubber hoses should be avoided.

In addition, stainless-steel braided hoses with AN style fittings are often sold in kits with smaller ID than the
standard hoses they replace. There's nothing wrong with AN style fittings per-se, but they should only be used
with careful knowledge of the ID of the fittings and hose so as to avoid unnecessarily reducing the ID of the
plumbing and thereby restricting coolant flow.

When filling a coolant system, either after maintenance or for the first time, there will always be some air
trapped inside and it is important to bleed the system of this air. Here are some tips:

« The radiator cap must be the highest point in the system. If this can't be achieved on the rad, use a surge
tank to remote-mount the rad cap.

« If you have an engine-outlet thermostat (as in a SBC), drill a small bleed hole in the flange of the
thermostat to prevent air from becoming trapped under the thermostat on initial assembly.

« Trapped air and produced steam always seek the highest point. If you are fortunate enough to have
"steam tubes" use them and plumb them correctly! Do not simply cap them off or plumb them back into
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So, let's start with the tiny nugget of truth. If you had a sealed rad (no flow) full of hot coolant, and subjected
that rad to airflow, yes, the longer you left the coolant in the rad, the more it would cool. However, if you were to
plot that cooling over time, you would find that the RATE at which the cooling takes place is an exponential
curve that decreases with the temperature difference between the hot coolant and the air. Put another way -
when the temperature difference (delta-T) between the hot coolant and the airflow is large, heat transfer
(cooling) initially takes place very, very quickly (almost instantaneously). But as that happens, and the coolant
cools, the delta-T becomes less, and the RATE at which further cooling happens gets less and less until the
point where the coolant and air are almost the same temperature and continued cooling takes a very long time.
This is Newton's law of cooling. To illustrate this, recall my "quenching steel in a bucket" analogy.

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 time.

So what does this mean? Basically it means, the longer the coolant stays in the rad, the less efficient the
cooling that takes place is - to the point that the rate of cooling is so slow as to be detrimental to overall
system cooling. Better to dump the big load of heat right away and go back quickly for another load than hang
about waiting for a last little bit of insignificant cooling to happen.

To understand fully, we have to put our rad back into the whole system where coolant is flowing and consider
the effects of flow rate on the system as a whole.

Slowing the coolant in the rad may allow that coolant (the coolant in the rad) to dissipate a little more heat (but
not much), and at an ever decreasing rate (exponentially decreasing) BUT since the cooling system is a
closed-loop system, you also have to consider what’s happening outside the radiator if you slow the flow -
especially to the coolant in the engine. If you slow the coolant through the rad, you slow the coolant through
the engine too. And this coolant is subject to the same laws - the greater the initial temperature difference
between the engine and the coolant, the greater the rate at which the coolant absorbs the heat from the
engine. BUT - if we leave the coolant in contact with the engine for longer by slowing the flow through the rad,
the delta-T between engine and coolant decreases and with it the rate at which the coolant in the engine
absorbs the heat from the engine. Meanwhile the engine is banging away producing heat, but the coolant is
absorbing it at a slower and slower rate - that heat has to go somewhere, and since the slow coolant is
becoming less efficient at absorbing it - it stays in the metal - and the metal overheats!

Meanwhile, back at the rad, you're wasting time trying to shed the last little bit of heat when the delta is small
instead of carrying away the “big chunks” of heat. And the situation just gets worse and worse in a downward
spiral.

Imagine emptying a truckload of sand using a small wide-mouth container vs. a larger narrow-mouth container.
The job will get done quicker by making more trips with the smaller container that takes less time to fill and
empty, rather than taking the time to fill the larger narrow-mouth container and then taking the time to empty it —
that extra in the larger narrow-mouth container isn’t worth it — better to dump the load and go back for more.

Or, how about this for those who are fans of elaborate metaphors

Imagine a circular train track with two stations opposite each other and rail cars that fill the whole track. One
station has an endless supply of passengers trying to get on and the other is where they get off and disperse.
Your job as the train driver is to move as many people as possible to keep them from accumulating at the
embarkation station and crushing each other. Now imagine the passenger cars are funnel-shaped on the
inside. This means the first big batch of people can get on and off quickly, but completely filling the car takes a
lot longer as people have to squeeze into the narrower portion.

So, you could drive the train slowly, only moving along after each car has completely filled and completely
emptied... but efficiency will be greatly reduced as it takes so long to get those last few people on or off the car
— meanwhile the never ending supply of people at the embarkation station never stops and the system backs
up and the people get crushed because, even though more people get on or off each car, the whole system is
less efficient.

OR

You could drive the train fast, quickly loading and unloading the big, easy-to-fill, portion of each car, forget
about the smaller portion, and keep picking up and dumping off a large group of passengers as fast as you
can. In fact — the faster you go, the better...the more efficient at moving large numbers of people the system
will be. Screw the last stragglers — they’re insignificant and won’t help you — just move the big chunk and move
on, going back for more, more often.

So — you want high flow / high (turbulent) speed so it picks up and dumps off the most heat quickly —it's
inefficient to try and shed the last little bit of heat when the delta is small, and can lead to overheating because
you’re wasting time not carrying away the “big chunks” of heat.

Griffin Thermal Products "King of the Hammers"” Rad Review

Now that you are all cooling system experts - you are finally ready to see and appreciate the awesomeness of
the best offroad radiator money can buy - the

Griffin Thermal Products "King of the Hammers"
Radiator

For those that may be unfamiliar, the name is taken from the name of the toughest, most gruelling one-day off-
road race in the world - the King of the Hammers (KOH). You can learn more about the race at the official KOH
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A short time later, this giant box arrived in my driveway.

:Llree Shippin
CODE: GRE

Inside was a very carefully packed radiator, some
instruction sheets, and a rad cap taped to the inside of the
box.

Rad cap.

| The rad cap is a cool blue colour stamped with the Griffin
logo.
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The radiator was well protected for its journey.
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tank, and that only because, at the time | did the design, |
didn't yet fully understand all the benefits of a surge-tank
setup. If | were to start over, | would plan a surge tank from
the outset - but at least | had the foresight to order a large
enough port to support a surge tank in the future.

1.5" radiator outlet on lower right tank.

4
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Custom notch to clear tubular frame rails.

1.25" radiator inlet on upper right tank.

'Eree snfgpjngv

CODE.

805.783.2060

Notch and outlet.

| ordered the inlet and outlet to be installed at an angle, so
that they would be level (horizontal) with the rad installed in
the chassis and leaned back 20°.

Griffin were happy to oblige.
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