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Introduction
Cooling has been a major issue since the inception
of swapping engines into Jeeps, yet the availability
of decent bolt-in radiators that actually keep the
engines cool were once either non-existant or pro-

hibitively expensive, leaving the swapper to come

up with various solutions that are less than ideal. CONVERSIONS

Unlike other radiator systems on the market, we
designed the KryoFlow system in response to the
needs of a Jeep, not a race or street car, which
never see the low crawl speeds, strains, flex and
jarring typical of Jeeps.

Note to the Installer

This document and the use of any Novak products assumes a safe and adequate working knowledge of the
automotive systems involved. We do not know and there is no way for Novak to determine the skill level
of the customer and/or the installer of Novak products, or for Novak to publish all of the information on
fundamentals that an individual should know before attempting these advanced procedures. Vehicular con-
version work can be among the most difficult of automotive mechanical and electrical tasks and it is upon
the customer to ascertain whether they are working within their expertise or whether they should acquire
assistance.

This guide is not intended to replace the service manual specific to your vehicle. It is not possible to docu-
ment the wiring, routing and specific system details of every Jeep and the installer should obtain and use
both their vehicle’s manual and the engines donor vehicle’s manual in conjunction with these instructions.

Novak products and procedures are intended and recommended for off-road use only.

Your Local Legal Requirements
This guide is not meant to explain, interpret or notify the installer of local or national laws concerning ve-
hicle changes, engine conversions and the emissions systems surrounding them. It is the installer’s respon-
sibility to know and understand their local legal requirements and regulations and to make
their installation conform to demands of the jurisdictions in which they live. Novak does
not recommend nor condone the disabling or modification of the vehicle or any sys-
— — tem within it that could render it out of conformance with any laws in which the

A t vehicle may be licensed or operate. Neither Novak Conversions nor its directors,
principles or employees are responsible for any changes made to your vehicle.
We recommend you consult and know your own city, county, state or national

laws. If your vehicle requires referee inspection, you may wish to establish a rapport with a referee and dis-
cuss your plans and seek advice and approval from them.

Electrolysis Warning
A cooling system can hold large amounts of excess electrical current, which turns the coolant into an
electrolyte. If this excess current cannot be discharged by means of a ground, it continuously travels
through the system, causing electrochemical reactions with all surfaces it contacts. When it locates
a conducting material (such as aluminum), it goes to work devouring the material completely.
Damage to internal engine components by means of cavitation is one result of electrolysis. Tube
to header failures, solder bloom and individual tube or complete core failure can result from




an ungrounded radiator. Voltage of zero to .3
is normal. A copper brass radiator can be de-
stroyed in as little as seven days by .5 volts and
as little as .15 volts will destroy an aluminum
radiator.

Electrolysis can be caused by several things:

- Bad grounds (loose, corroded, broken wire)
- Alternator over charging Static electric en-
ergy looking for a ground

- Accessories not installed properly (stereo,
power amps, horn, lights, air bags, gauges,
DVD player, two-way radio, back-up alarm,
etc.)

Testing for electrolysis

. . A conversion radiator setup in the bay of a CJ
A multi or voltmeter capable of reading both series Jeep with an AMC V8.

AC and DC currents is required to test cooling

systems. Attach the black lead to the negative ground of the battery. Dip the positive lead into the coolant touch-
ing the coolant only. Read the voltage with all equipment turned off. Read the voltage with the electrical starter
engaged. Read the voltage with the engine running and all systems turned on: lights, coolers, fans, heaters, air
conditioning, cell phone, two-way radio, including the phone and radio on both standby and transmit.

Proper grounding of the radiator to the vehicle frame using a 10 to 12 gauge wire is the key to removing electrolysis
from the cooling system. Damage caused by electrolysis is easily identified and radiators damaged by elec-
trolysis cannot be covered by warranty.

Preliminary Cooling Precautions
The radiator is only one part of a complex cooling equation. You should keep in mind that there are many variables
involved with the process of cooling an engine that it’s nearly impossible to use hard and fast rules, but if you apply
the following principles, you will be able to make the right decisions to ensure that your cooling system keeps up
with your Jeep® vehicle. Overheating should not be a problem if some basic principles are observed.

Engine Condition and Tuning

An often overlooked area is the condition of the engine itself. Mechanically it must be sound and the water jackets
of the block and head(s) must be free of contaminants and build-up that could act as an insulator, preventing proper
heat transfer to the cooling media. A good flush of the cooling system and engine with the right detergents is a good
way to eliminate this possibility. You should also be confident that engine compression, timing - both ignition and
camshaft - are optimal.

The carburetion and injection systems must be sound and tuned. An engine running too rich will generate signifi-
cantly more heat. Running fuel injection systems “open-loop”, i.e.; without O2 sensors, Vehicle Speed Sensors, etc.
can cause this situation. Induction tract air leaks are also a source of cooling problems in that they can cause the
engine to run on too rich of a mixture.

The Radiator Cap and Cooling System Pressure

The cap of the radiator acts as a filling location, but is also a safety valve for the cooling system. The cap should be
located at the absolute highest point in the cooling system to allow for the release of air and for proper filling. The
location of the cap and configuration of the radiator has some import. Your new radiator is less likely to push the
cap open prematurely by the pressure of the flowing fluid instead of the excess pressure of the cooling system itself.



This brings us to our next topic... Pressure.

One very effective way of raising the boiling point of a fluid is to place it under pressure. Vehicle cooling systems’
operational temperatures vary. “Running hot” in one system'’s application may be normal temperature to another. In
other words, an open (or non-pressurized) cooling system will, of course, boil at 212 degrees Fahrenheit at sea level.
This same system will be normal at 195-220 degrees F. with a 15-16 pressure cap and 50:50 mix of glycol coolant
and water. A higher pressure in the cooling system offers a higher boiling point. In a sealed cooling system, the pres-
sure the hot coolant creates itself performs this pressurization function automatically. Higher coolant pressures also
transfer heat from the cylinder heads more efficiently. But cooling systems can only withstand so much pressure, and
a relief valve built into the radiator cap provides this function.

As mentioned earlier, the location of the cap is important. It should always be located at the highest point of the
cooling system; this includes the engine itself. This allows for any air in the
system to rise to the cap area where it can be released, preferably to an over-
flow reservoir. The cap area should also see the lowest velocities within the
system, further allowing the coolant to de-aerate near the cap. This is also
the part of the system where the pressure is lowest, which is crucial. You
only want excess heat pressure to open the cap, not the flow of the coolant.
This is why thermostat housing style caps are not recommended.

Naturally, you will want to use a radiator cap with the higher pressure
ratings that the radiator is designed to accept. As a general rule, standard
systems operate at 15-21 PSI, performance radiators operate at 22-24 PSI,
and professional racing radiators will go as high as 29-31 PSI. The coolant
will typically only build to 16-18 PSI, due to expansion up to 200 °F. However, if the engine does overheat due
to external factors, the pressure inside the cooling system could reach as high as 28 PSI. Once the radiator cap has
opened and vented coolant, it is a slippery slope. The engine will not cool down until the engine has been turned off!
We do recommend that for Jeep applications, moderate pressures (22-24) be used. Higher pressure systems become

increasingly difficult to service the further away from civilization you travel.

Coolant

Water has some of the most unique physical properties of the all compounds. One of these is its ability to carry heat.
As such, pure water is the most effective media to carry the damaging heat away from the engine. The reason we
add an ethylene glycol mix to the water is to eliminate the possibility of freezing of the coolant (engine and radiator
breakage being the risk), and to effectively raise the boiling point of the coolant past water’s natural limit of 212 de-
grees E. Like other alcohols, ethylene glycol extends the boiling and freezing points of the water to which it is added.
However, when mixing the two, remember that more is not better. Any ethylene glycol concentration above 70%
begins to raise the freezing point of the cooling media. What’s more, ethylene glycol is significantly less effective
at transferring heat. Mixtures of higher than 50% concentration are only recommended in the more severely cold
climates. Follow the coolant manufacturers guidlines as you make mixture decisions based on this principle.

With the inception of aluminum radiators and now more aluminum engines, silicates and some organic acids have
been introduced into the coolant mixtures. As a rule, don’t mix coolant types and brands together in your system,
or the life of the media will diminish quickly. And don’t rely on coolant colors alone to indicate compatibility, as
different brands and different national and corporate standards do exist. Your aluminum KryoFlow radiator requires
the use of an aluminum-safe coolant. GM’s Dexcool and other equivalents are widely available.

We should mention coolant disposability. Most Jeep owners have the class and responsibility in the disposal of cool-
ant media, but some may not. Most locales have governmental and environmental information resources to assist
you in finding a facility to dispose your coolant. Many parts stores and garages will also accept coolant drained



from your vehicle. The thought of having that sort of
foul substance percolating into you or your food’s water
supply should be deterrent enough.

Water Pumps, Thermostats and Flow

One of the myths being perpetuated in the aftermarket
is that of high-flow water pumps - either conventional
or electric - being able to cool all engines better. Faster is
seldom better in terms of coolant flow and heat transfer.
The coolant needs enough time in the engine to pull the
heat out of the block and heads. Likewise, coolant needs
enough time in the radiator to shed its accumulated heat
before returning to the engine. As such, fooling with

coolant flow speeds without a very solid basis for doing
so can be counterproductive. If your vehicle overheats

while at cruising speeds (and consistently higher RPM’s) than you may be pumping coolant too fast. If you overheat

Electrolysis

Electrolysis is the result of electricity flowing through
your cooling system and causing an electrochemical
charge across the aluminum. This can result in rapid
corrosion and severe damage to the components in
your cooling system including discoloration, pitting,
flaking, and pinholes. Most common in late model ve-
hicles, hot rods and street rods, electrolysis will usually
occur if there is a defective or missing ground on one of
the numerous potential electrical sources.

Testing for Electrolysis

To test if your cooling system has been affected by elec-
trolysis, you will need to test the voltage in your cooling
system. The first step is to connect the negative lead of
a volt/ohm meter to the battery ground. Then, carefully
insert the positive lead of the volt/ohm meter into the
coolant inside the radiator without contacting the filler
neck. If the result is more than 0.10V, this indicates that
there is an electrical current flowing through the sys-
tem. Continue to check the voltage between the coolant
and 1) the engine 2) the frame by touching the negative
lead to each respectively. Repeat test with the positive
lead touching the radiator instead of the coolant.

A simple and usually effective way to try and determine
the faulty electrical source is to conduct this test with
the engine running and all vehicle accessories on. Have
a friend or coworker systematically switch on and off
components of the car as you monitor the meter (in
some instances, fuses need to be removed in order to
switch the accessory off. You may also want to test with
the ignition off). If voltage drops when disconnecting an
electrical circuit, that circuit represents a likely electri-
cal source.

Prevention

Unfortunately, only the careful monitoring and proper
maintenance of your cooling and electrical system can
really prevent electrolysis from destroying your system.
ALWAYS make sure the radiator is not used as a ground
and that all components are functioning properly. Pe-
riodically test your system and check for any discolor-
ation or pinholes - especially around the tube-to-head-
er joints and tubes near the center of the core by the
electric fan mounts.

while crawling in the low RPM’s, you may not be flowing coolant
fast enough. This is a fine balance to acheive, especially with Jeeps
performing hybrid functions.

This leads us to our next subject and precaution; the thermostat.
Heat is a miserable thing, and too much will destroy your motor.
However, too many people arrive at the incorrect conclusion that a
lot less heat will benefit the engine. Your motor is designed to run
optimally within a certain thermal window. This window is even
narrower for fuel injected engines. Running a 160 degree thermostat
is not a good thing. Many do so either because they think they are
doing their engine a favor, or they are trying to increase the cooling
efficacy of an inadequate cooling system. The latter is nearly always
an excercise in futility! If your cooling system can’t hack it, adding
a cooler thermostat will benefit nothing. Of equal concern is when
people run the engine without a thermostat, presuming that the
increased flow will increase cooling capacity. This is another couter-
productive philosophy. The thermostat acts as a necessary restrictor
in the system to regulate the flow rate of coolant. This is contraindi-
cated, per the previous paragraph.

To restate somewhat, many mistakingly think that all there is to
decreasing temperature of the engine is to decrease the temperature
rating of the thermostat. If the cooling system cannot keep up with
the heat the engine is generating, a cooler thermostat will help pre-
cious little. The second misconception that if some engine cooling
is good, more must be better. Again, most engines run optimally
at the recommended factory temperatures. Significant departures
from these recommendations are most often counterproductive. The
temperature is critical to the efficiency of the burn of the fuel and
the tolerances of the motor itself. 180-195 degrees F is common on
conventional engines. Modern motors see higher temperatures (205-
210F) , mostly due to fuel and emissions efficacy.



Flow through the thermostat is important. Coolant should flow well
enough to avoid the build-up of hot spots in the engine. Some ther-
mostats feature ports that allow coolant to flow slightly even with the
thermostat closed. While this delays the engine warming up in cold
climates, it does promote better engine cooling, generally.

Materials

The materials used to build the radiator are an important factor. Cop-
per/bronze cores are the most common, but they are slowly being
supplanted by aluminum units, especially where more rigorous cool-
ing requirements exist. Heat transfers through different materials at
different rates. Aluminum has some of the most impressive transfer
capabilities of the common metals. Generally, an aluminum radiator
with its high level of thermal conductivity will cool better with less

core area.

Fans and Airflow

The relationship of the core to the fan is quite important also. The core should be parallel to, and not more than one
inch away from the fan and should be centered on the fan. The core cannot be mounted to the back of the grill as
there must be space for air to spread out so it can flow through the core.

While on the subject of fans, we have finally seen electric fans become strong enough to effectively cool an engine
conversion. These are typically within the 2200+ CFM range. With some good fan choices on the aftermarket,
some of the cooling difficulties once experienced with mechanical fans, are now lessened. Additionally, many after-
market electrics come with a built-in shroud and housing, further facilitating the process. Many units also carry a
temperature sensor and relay to trigger the fan based on radiator heat; a
convenience to the setup process. As for mechanical fans, both flex and
clutch style fans can be less than effective.

It is important to note that by the time air has passed through three sets
of radiator tubes it has just about reached the temperature of the coolant
and additional thickness does little to improve cooling. This varies with
ambient temperature and speed of airfiow. It simply means that core
area is much more important than core thickness. Another important

eEE—

factor related to airflow is mounting or carrying items on the front of
the vehicle. Most Jeeps have a rather limited grille opening area. License
plates, oil coolers, driving lights, toolboxes, winches, etc. will usually
cause enough turbulence to disrupt airflow at some speed or other and
this could result in overheating. Also, the mounting of an automatic
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transmission cooler in front of the radiator will measurably diminish en-

e

gine cooling capacity as well. By the same token, a transmission cooler
mounted behind the radiator will be subject to the heat flowing through
the fins of the radiator, sometimes making it a poor location for transmis-

sion cooling purposes as well.

There may be situations that will result in less than ideal radiator to fan
locations and these can be solved by shrouding the fan. Actually, @ fan
shroud is a good idea under any condition. This causes an air accelerating
vacuum which improves airflow particularly at low vehicle speed. The
best installations will have the rear edge of the shroud centered over the




middle of the leading edge of the fan blades.

While on the subject of shrouds, some ask about
pusher fans vs. the more conventional pullers. Push-
ers are measurably less effective due to the shroud-
ing differences and the usual lack of a shroud with
such scenarios. If you find yourself having to resort
to a pusher type fan to even get the motor to fit,
you may take it as an indication that the motor is
perhaps too large or misconfigured for the vehicle
being converted.

Transmission Cooling
Using integrated transmission fluid coolers has fallen
out of favor in both OEM and aftermarket camps,

as engines have gotten hotter (—207 deg.) to make The provided 3/8 NPT fittings are for coolant temperature sensors, for either
or both engine sensors for your PCM or for a dedicated fan controller temp
sensor.

a more complete burn, and automatic transmissions
should run closer to 160 deg. Transmission cool-
ing should be accomplished through a dedicated

These fittings are NOT for a transmission cooler circuit, as discussed in
] ] ) Transmission Cooling, adjacent.
oil cooler, often mounted in front of the radiator or

elsewhere on the Jeep. Note that the provided ports

in your KryoFlow tank are NOT transmission cooler

ports, and connecting them to your transmission will pump engine coolant into your transmission and will likely
result in serious damage to it.

Other Considerations

Another overlooked item is the accuracy of the temperature gage. Some gages may be considerably out of calibra-
tion. Either electrical or mechanical gages can be off by 20 to 30 degrees. One should always cross-check the tem-
perature with a known good gauge. However, it has been our experience that the good mechanical gauge is more
accurate and often preferable, though the routing of its pressure line is arguably more difficult than stringing a
wire into the cab of the vehicle. One misconception should be debunked here, and that is that the temperature of
the coolant media is the same as the metals adjacent to it. In fact, some spots of the engine see dramatically higher
temperatures. This is why coolant flow rate is crucial. Should the coolant flow too slowly past these hot spots, it will
boil and then lose is cooling capabilites, leading to a potential and dangerous chain reaction within the engine.

Again, a coolant overflow recovery system should be used on all pressurized cooling systems to make sure they stay
full of coolant at all temperatures.

KryoFlow Installation

This is actually the easiest part of setting up a good cooling system. Your Novak KryoFlow radiator has been shipped
with the bracketry installed as a setup guide. We recommend that you use as many of the bolt holes as are available
in your Jeep’s grille to fasten the new brackets. Some applications will need only four bolts, some can use the full
six.

Install the radiator in its provided cradle, with the mounting pins through the silicone grommets. Follow up with
the provided washers underneath, and then secured with the large pull pins. Note that radiator removal for engine
service is eased by this design, which allows for faster removal of your radiator if required.

Be careful to distance mechanical fans far enough away from the radiator to allow for the flex and movement your
Jeep will experience. Worn engine and transmission mounts have planted more fan blades into more radiators than



could be counted. Be careful of this. You should be gentle in installing electric fans and shrouds (zip ties are often
supplied with such units) to the radiator. The idea behind the cores is that they are thin enough to shed the heat.
Excessive or uneven pressure against them could cause them to buckle. Don’t hesitate to use the bolt holes we’ve
provided in the clamp plates to attach your custom fan bracketry. Other systems may be available through your fan
supplier.

Conclusions

It is our hope that your new radiator and the cooling principles outlined in this article will assist you in putting to-
gether a quality cooling solution for your Jeep. We welcome your questions at any point. Don’t hesitate to contact
us with them.
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