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ALL ABOUT INTERCOOLING 

Intercooling a supercharged or turbocharged engine has several advantages. 
 
The first and most frequently considered advantage is increased air density with 
consequential  increase in horsepower.  As will be shown in this booklet, horsepower can 
be increased by as much as 18 % or more. 
 
Some of the 
other bene- fits of 
intercooling are in-
creasing the 
detonation thresh-
old.  With a good 
intercooler you can 
generally run 
three to four ad-
ditional lbs of boost 
with the same 
octane gasoline 
and ignition timing 
without ex-
periencing detona-
tion.  An inter-
cooler slightly 
reduces the thermal 
load across the en-
gine. When the inlet valve closes, the charge air inside the cylinder can be as much as 175° 
F to 200° F cooler than a non-intercooled engine, depending on the effectiveness of the 
intercooler. This reduction in temperature remains throughout the combustion process so, at 
any given time, there is less temperature  
difference between the cooling system liquid and the hot gas in the cylinder, which transfers 
less heat into the cooling system.  Although this reduction in thermal load is quite small, on 
vehicles with marginal cooling systems or light trucks used for heavy towing applications, it 
can make the difference between overheating and operating at normal temperatures. 
 
Additionally, since fewer BTUs of heat are lost to the cooling system, this heat energy is 
transferred into additional power.  A properly designed intercooler is indeed a win-win situa-
tion as it improves power and reduces thermal loads with no other penalty other than the 
initial cost and a non-discernable increase in vehicle weight. 
 
It is the writers belief that the information in this booklet will answer your questions about  

THE ADVANTAGES OF INTERCOOLING 
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INTERCOOLER BASICS 
 

What is an Intercooler and what does it do? 
 
An intercooler, which sometimes is referred to as an aftercooler or charge cooler, is either 
an air/air heat exchanger or an air/liquid heat exchanger that is designed in such a way that 
all compressed, heated air from the turbocharger or supercharger passes through it in order 
to reduce the temperature and increase the density of the charge air before it enters the en-
gine induction system.  This reduction in temperature and increase in density consequently 
increases horsepower.  Either type of intercooler, air/air or air/liquid, must be properly sized 
in regards to surface area, internal fin density, proper design and location in order to effec-
tively maximize cooling, otherwise pressure loss through the intercooler will not be offset by 
the increase in air density and minimum power gains will be realized. 
 
First, let’s look at the two types of intercoolers and the different methods of construction.  All 
air/air intercoolers are manufactured from aluminum, either by the furnace brazed method 
or CAB method. 
 

Vacuum Furnace Brazing 
 
All aluminum components that are to be joined by this process are clad with a thin layer of 
aluminum that has a melting point slightly lower than the base metal.  All of the compo-
nents, such as fins, bars, plates, headers, etc. are assembled and held together with straps 
or fixtures.  This assembly is placed in the furnace where the atmosphere is completely 
evacuated.   This is done to defer oxidation of the heated aluminum by oxygen in the atmos-
phere.   The temperature in the furnace is then brought up to the point to where the cladding 
melts and all surfaces in contact are bonded.  The part is then cooled, resulting in a strong, 
bonded, leak proof unit. 
 

C.A.B. 
 
CAB is the acronym for Controlled Atmospheric Brazing and, in this process, the same clad 
material is used.   However, all components are dipped in a liquid flux solution and then as-
sembled.  Instead of being evacuated, the furnace chamber is purged with nitrogen to mini-
mize oxidation and the parts are then heated to the melting point of the clad material with 
results similar to vacuum furnace brazing.  Final appearance of the aluminum may not be 
quite as shiny as in vacuum furnace brazing, however the process generally produces a 
higher percentage of leak free parts since this process tends to bridge at the joints.  Both 
processes make quality parts with equal heat transfer characteristics. 
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TYPES OF ASSEMBLY AND CONSTRUCTION OF 

INTERCOOLERS 

 
There are essentially two types of assembly and construction used in the manufacture of air 
to air intercoolers, one type is called bar and plate, in which the intercooler is made up of 
many bars and thin sheets of aluminum (called plates) and furnace brazed together in such 
a manner to form an integral unit.  The other type is extruded of welded tube.   See the pho-
tos on Page    which depict the two types of designs. 
 

Bar and Plate Type 
 
Bar and plate style of construction tends to be very rugged and accepts very high pres-
sures, therefore bar and plate design is sometimes used for oil coolers and industrial heat 
exchangers that operate at 200°F and more.  Bar and plate tends to be slightly heavier than 
tube designs.  This style of construction does not require a separate header, the thickness 
of the core is the same thickness as the manifold or end tank.  An extruded, or welded tube, 
intercooler has a header plate which is wider than the net thickness of the core. 
 
In that regard, in a given package size or space, the bar and plate intercooler will have more 
capacity and surface area.  Since the bar and plate unit has more weight, it may have an 
additional benefit in that it acts like a heat sink.  Imagine your vehicle traveling down the 
road at 60 mph under a no-boost condition, during that period of time the air is cooling the 
mass of aluminum, you step on the throttle and go under boost and the heated air begins to 
flow through this pre-cooled mass of aluminum.  If the core is heavier, it acts as a larger 
heat sink and will carry the heat away for a longer period of time than a lighter intercooler 
made by the oval tube or welded tube design.  This is true only under dynamic or changing 
load conditions.  
 
In the case of intercoolers installed on a stationary generator set, or stationary industrial en-
gine, where  the cooling air flow is continuous and steady, the heat sink effect is not signifi-
cant as all the charge heat is rejected by the cooling air. 
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Welded or Extruded Tube Type 
 
This type of construction makes a lighter intercooler, with lower design pressure than the 
bar and plate, however quite adequate for intercooler purposes.  Efficiency of extruded tube 
versus bar and plate is about the same, however, under certain applications where lighter 
weight is desired, such as race applications, there may be some preference for the welded 
tube type. 
 
Although the lighter weight does not exhibit as much heat sink effect, since the intercooler 
has less mass, it can respond to changes in charge flow temperature more rapidly.  In some 
racing applications, when a large amount of cooling air is available during transient condi-
tions of boost pressure and temperature, it can give a more uniform cooling of charge air as 
the lower mass is cooled more quickly by the ambient air stream. 
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AIR/LIQUID INTERCOOLERS 
 
Air/liquid intercoolers, which are frequently called aftercoolers in industrial applications, are 
used where engine coolant water is circulated through them as a cooling medium.  In indus-
trial applications, this is acceptable since such low charge temperatures are not required as 
might be necessary in high performance or racing applications.  
 
For most high performance or racing applications, where an air/liquid intercooler is used, a 
separate, closed-loop system is employed, no engine coolant is circulated through it, it has 
a separate loop and a separate heat exchanger and the intercooler with a separate pump.   
In drag race or short race applications, sometimes the front heat exchanger is not utilized 
and an ice can is substituted.  In this manner, chilled water can be circulated through the 
intercooler and charge temperatures below ambient air temperature can be achieved. 
 
Generally, the normal closed loop system (not using ice) is not as effective as a properly 
designed air to air intercooler system since the cooling medium or the liquid coming from 
the front heat exchanger is always warmer than the ambient air temperature.  This is true 
because the cooling efficiency of the front heat exchanger can never be 100%, most likely 
70% or less,  therefore on a 90°F ambient day, liquid entering the intercooler may be 110°F 
to 130°F or warmer.  However, with an air to air intercooler, the cooling medium is the tem-
perature of the ambient air, in the above case 90°F. 
 
A closed loop, air/liquid system sometimes can be quite effective as it can be packaged into 
certain vehicles in which it would not be possible to package an air to air system.  If the ice 
can system is used, as in drag racing, there is an enormous advantage over an air to air 
intercooler in that the cooling medium is less than ambient air temperature, therefore it is 
possible to achieve charge air temperatures lower than ambient air temperature.  Recently, 
this type of intercooler is being used by an increasing number of drag racers.  It is possible 
to use dry ice in the ice can and some type of anti-freeze solution and circulate the fluid, 
which would be probably be in the range of –60°F to –65°F, resulting in super cool tempera-
tures.  However, experience has indicated that the charge actually may be too cold and the 
fuel does not tend to vaporize properly in the induction system or cylinder and such a cool 
charge creates a critical fueling problem.  Overall, air/liquid systems are more complex and 
costly, since a circulating pump and front heat exchanger are necessary and they are heav-
ier than an air/air unit of equal cooling capacity. 
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INTERCOOLER EFFICIENCY OR  

EFFECTIVENESS 
 
Our Intercooler Flow Chart enclosed with this booklet shows intercooler efficiency. Should 
you have some need to calculate this, it can be done with the following simple mathematical 
formula. 
 
Effectiveness is defined as the ratio of temperature drop of charge air across the intercooler 
to the maximum temperature potential available for cooling. 
 
  T2-T3    T3 is the intake manifold temperature 
E=                   ----------   or temperature out of the intercooler. 
      T2 is the compressor discharge temperature  
  T2-T1    or temperature into the intercooler. 
      T1 is the ambient temperature, which is  
      assumed  to be the compressor inlet 
      temperature. 
 
 
Example:     300 F. into the intercooler 
         150 F. out of the intercooler 
         90 F. ambient temperature   
 
E=                  300F-150F 150F. 
  -------------       --------- = 71 % 
  300F-90F 210F 

Example Using Chart for Core #2-112 
 
2 liter engine or 258 CFM, from the chart, the 
pressure drop across the core is estimated at 0.5 
psi and efficiency at 10 mph ambient side face 
velocity is estimated at 55%. 

If the flow charts are to be used for selection, you 
should look for an intercooler that has a pressure 
drop of approximately 1 psi and efficiency of 75% 
or greater.  Depending on the design and flow 
rate, each manifold will have an additional pres-
sure drop from 0.1 psi to 0.3 psi.  Since ambient 
air velocity through the intercooler is most likely 
unknown in most cases, when using the flow 
charts, use the 10 mph line. 

Note:  The flow charts give pressure drop across 
the core only. 

20 mph 

15 mph 

10 mph 

5 mph 
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SIZING THE INTERCOOLER AND  

ENGINEERING THE SYSTEM 
 
Frequently, we have people ask us what the pressure drop through a specific intercooler 
may be, what it’s cooling effectiveness may be, that is what will be the temperature of the 
air before it enters the engine and will that reduction in air temperature offset the loss in 
pressure caused by the intercooler.  Indeed, if the intercooler is improperly sized, the  
pressure drop will be too high and the cooling effectiveness too low, the net result will be 
very little or no increase in air density and/or no gain in power. 
 
In order for this to happen, the intercooler pressure drop must be of a fairly high magnitude, 
which is 2 lbs or more, and the intercooler would have to be undersized.  That is to say the 
face area is too small and cooling effectiveness is too low.  One might say it would be hard 
to design an intercooler system that would cause no increase in power, however it is  
possible. 
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In most cases, however, increases in power of 15% and upwards can easily be achieved 
with most properly sized intercooler systems.  In general, we feel if you do not have at least 
6PSI boost pressure, an intercooler is not a cost effective or power effective device for in-
creasing power.  The reason for this, as an example on an 80ºF day, a vehicle with only  
6PSI boost would have a compressor discharge temperature of 170º to 180º F.  The tem-
perature difference between the cooling air medium and the compressor discharge is only 
100°F., so even an efficient, well sized intercooler might only cool the charge 40ºF to 50ºF.   
Since the total cooling is relatively small, little power gain will be realized.  This small cool-
ing is simply the result of a very small temperature difference between compressor dis-
charge temperature and ambient temperature, not an indicator of an inefficient intercooler. 
 
As boost pressure gets higher, compressor discharge temperature increases, therefore the 
temperature difference between the cooling air medium and compressor discharge tem-
perature becomes greater which, in effect, makes a given size intercooler more efficient. 
 
In order to understand the different factors influencing engine performance, power, etc., we 
have prepared the enclosed chart, which gives boost pressure and temperature, in and out 
temperatures, charge effectiveness, air density, and power increase.  By locating your own 
boost pressure, pressure drop through the intercooler, cooling effectiveness or in and out 
temperature, you can determine the approximate increase in power you would experience 
with any given intercooler choice. 
 
When pressure drop is as high as 2 or 3PSI, this can be compensated for by adjusting the 
wastegate on the turbocharger.  However, when you adjust the wastegate to bring the boost 
back up to compensate for that degree of pressure loss, the effect produced is that of a 
slight increase in turbine pressure on the exhaust side and a little higher temperature enter-
ing the intercooler.  So although you can offset the pressure loss 
through the intercooler, you pay for this by slightly increasing turbine pressure, therefore the 
efficiency of the entire package is not as good as if the pressure drop across the intercooler 
was 1PSI or lower.  When you adjust your wastegate to compensate for a 1PSI or small 
pressure drop, the additional turbine pressure is 
minimal and overall efficiency scarcely changes. 
 
The Spearco general catalog lists a quick selec-
tion guide in the front of the catalog which can be 
used to determine which size Spearco cores 
would be suitable for specific applications, For 
more detailed applications selection, we recom-
mend using the flow charts, which indicate en-
gine size, cfm, pressure drop and intercooler effi-
ciency. 
 
When using these charts, one should consider that an ideal intercooler would be one that 
would have about 1PSI of pressure drop or less.  Pressure drops above 1PSI are accept-
able, however for maximum benefits, we do not recommend going above 2PSI pressure 
drop.  Efficiency should be in the range of 75% or higher.  At this stage, we would like to 
point out that it is very difficult to determine what the efficiency of an intercooler would be in 
a specific application, since the ambient air flow across the intercooler is generally un-
known. 
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Pressure drop in manifolds can vary widely, however if the manifolds of sufficient size and 
has properly sized hose connections, the pressure loss will be in the range of .1PSI to .3PSI 
per side.  The same applies for piping losses.  A properly sized mandrel bent tube; bent to 
90° may have a loss of only .15 psi to .2 psi whereas a tight radius casting could have a 
pressure drop as high as .3 to .4PSI.  As a guide, if you have a well designed system with 
properly sized manifolds and tubing, pressure drop might be in the range of .3 to .5PSI.  If 
you have a core pressure drop of .5PSI, you must add this to get total system pressure 
drop. 
 
Straight tubing offers very little pressure drop as opposed to bent tubing.  When designing 
your system, use a minimum number of bends and do not be concerned about the straight 
runs, as they offer very little pressure drop.   
 
When considering the pressure drop number, it is important to note that the core pressure 
drop and system pressure drop are calculated at maximum rpm, maximum boost of the en-
gine. At lower rpm or lower boost, pressure drop will be much less.  Therefore, a high pres-
sure drop will only be present at a very low percentage of driving or acceleration time. 
Higher pressure drop may not be as detrimental as it may first appear. 
 
In any location, the intercooler should be mounted rigidly to the chassis and all compliance 
between the intercooler and the engine may be provided for by hump or bump hoses at the 
intercooler or at the engine. 
 
If you install an intercooler with the recommended pressure drop and efficiency and are 
confident you have adequate cooling air flow, you will receive a good improvement in per-
formance.  If you wish to do performance testing, see the following section.  
 

 
Recommended Intercooler Tube Sizes (Single Intercooler) 

    
   1.3lL to 2.0L Engine  2”OD Tubing 
   2.1L to 3.5 L engine  2 ¼  OD Tubing 
   3.6L to 6.5L Engine  2-1/2” OD Tubing 
   6.5L to 8.0L Engine  3” OD Tubing 
 
If two intercoolers will be used, drop to next smaller size tubing on each intercooler.  This is 
a guide only.  Small sizes can be used if there are few bends and short piping runs. 
 
Tubing material may be 18 gauge carbon steel, such as used for exhaust tubing, or alumi-
num or stainless.  There are no thermal benefits achieved by using aluminum tubing.  The 
intercooler core and/or tubing can be painted or powder coated in any color, including black, 
with no measurable change in heat rejection or performance. 
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Once you have selected several sizes of intercoolers, which have the proper flow and cool-
ing characteristics for your engine, then you must attempt to locate a place on the vehicle 
for the intercooler.  The conventional position is in front of the radiator, where air comes to 
the intercooler through the vehicle grill, passes through the intercooler and the condenser, if 

the car is air conditioned, and through the radiator.  
This generally works quite well, however considera-
tion must be given to the fact that the intercooler does 
restrict air to the condenser and the radiator and, if the 
vehicle has a marginal cooling system and operates in 
a hot weather belt; it can cause an overheating prob-
lem.  This restricted air flow condition is also exacer-
bated by the fact that the air emerging from the inter-
cooler is heated when the vehicle is under boost, 
therefore the condenser and radiator are seeing air 
which can be 20° to 50°F. warmer than the ambient 
air temperature.  Obviously, if the engine has a mar-
ginal cooling system, this will create an overheating 

problem. 
 
Therefore, consideration should be given to other locations for the intercooler, which may 
include: 
 
A. A location on the vehicle where air can be ducted to it, via an air scoop or scoop and 
  electric fan (for details on fan, see intercooler Thickness section on Page    ) 
 See photos. 
 
B. A location beneath the front of the vehicle, where the intercooler receives air from  
 beneath the bumper, or an opening in the bumper.  If sufficient air is not received, a 
  rubber flap or duct can be added to direct the air. 
 
C.  A location with the intercooler mounted on top of the engine, using a hood scoop. 
 
D. A location with the intercooler mounted horizontally beneath the vehicle and by use of a 
  rubber flap, which hangs down, the air can be diverted up through the intercooler 
  and into the engine compartment.  See photos below of some typical uses of  
 various techniques in Spearco Intercooler Systems. 
 
A frequently asked question is should the intercooler piping be insulated where it passes 
through the hot engine compartment.  The answer to that is that it is not necessary. Al-
though it would seem that a large amount of heat would be picked up by the hot tubes, in 
actual practice the air is passing through the tubes very quickly.  And, since the tube has no 
internal fins, it is a very poor heat conductor and the most that the hot tube might do is heat 
up the air 4º to 5ºF.,  which is insignificant, therefore not worth the trouble and cost to insu-
late the tubes.  In addition, the appearance of the insulation is not attractive. 
be purchased to make such measurement if required. Should you need this type of instru-
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You will note on our flow charts, we show face velocity of 5mph, 10mph, 15mph and 20mph 
and experience has indicated that an intercooler mounted in front of the radiator or mounted 
beneath the vehicle with proper ducting or spoiler directing the air through the intercooler, at 
60mph, will probably receive somewhere in the area of 10mph face velocity.   Again, this 
can vary greatly, but as a rule of thumb, when attempting to select an intercooler or look for 
the efficiency, you can use this number. 
 
The only actual way to measure the airflow is to mount the intercooler in a position and 
measure the airflow with an instrument designed for that purpose.  There are various types 
of instruments, Pico tubes, static pressure gauges, hot wire anemometers, etc. which can 
be purchased to make such measurement if required. 

INTERCOOLER PERFORMANCE AND TESTING 
 

If you have no test equipment, you can get a general idea how the intercooler is working by 
doing the following. 
 
Take your vehicle to an area where you can run it at maximum rpm and boost pressure.  
This is best done by running in second or third gear to minimize top speed.  Third gear is 
best as the speed may be in the 60mph to 90mph range.  Open the throttle and hold the 
load and rpm  with the brake on for 5 seconds or longer depending on how good the brakes 
are.  Back off the and immediately pull over and stop, and put your hand on each intercooler 
manifold.  You will feel a large difference in the temperature of the inlet and outlet mani-
folds. 
 
Should you choose to perform some instrument tests, you can measure charge pressure 
drop, charge temperature, in and out, and ambient airflow across the intercooler with the 
following or similar equipment. 
 
Charge air temperature measuring equipment:: 

Fluke model 52, dual channel or Omega 871, dual channel. 
By fabricating small type K thermocouple probes, these instruments give quick  
response and in and out temperatures. 
Approximate cost $150 to $225 

 
Pressure Drop measuring equipment: 

Analog differential pressure gauge from Dwyer Instruments, Michigan City, Indiana, 
or similar.  Make connections to each side of the intercooler and these gauges read 
out pressure drop. 
Approximate cost $40- to $80 

 
Ambient Cooling Air Flow measuring equipment: 

Hot wire anemometer, Dwyer Instruments, can be used to measure ambient air flow 
across the intercooler. The probe wire must be lengthened so it can reach the pas-
senger compartment and the probe can be taped or wired next to a row of ambient 
fins to measure the air traveling through the fin row.  This measurement is not accu-
rate, however it can be used for comparison when designing different scoops, 
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fans, etc.  These tests can be done on the road at various speeds and do not require the 
vehicle to be under boost. 
Approximate cost $300 

 
Pressure drop and charge temperature tests must be done on the road with the vehicle un-
der full load and boost.  Since it is difficult to stimulate the cooling air flow through the inter-
cooler, chassis dyno testing is not recommended. 

ENGINE FUEL SYSTEM 
 
On most gasoline high performance street applications, an intercooler can be added or up-
graded with no changes to the fuel system necessary.  On EFI equipped engines with a 
mass air flow meter, the additional airflow is measured by the air flow sensor.  On engines 
with speed density systems, most have a temperature sensor, which can compensate to 
some degree for the denser air charge and increased fuel flow. 
 
Extensive modification to the fuel system or ECU is not within the scope of this booklet.  
However, we recommend if the air is being cooled  more than 100º cooler than the stock set 
up, it is wise to examine the various aftermarket systems available for individual vehicle 
types.  This may include a new prom for the ECU, which will increase the open time of the 
injectors and, in some cases, program a more aggressive ignition-timing program.  Other 
options could include increasing fuel pressure, installing larger fuel injectors and/or the addi-
tion of an additional fuel injector operated by a separate ECU   to supplement fuel delivery 
by the vehicle's main fuel system.  A large variety of the above equipment is available from 
various aftermarket companies. 
 
If an intercooler has been added to a turbocharged diesel engine, or upgraded on a diesel 
engine, the exhaust temperature will be reduced in an amount corresponding to the charge 
temperature reduction.  The injector rate can then be increased to bring the exhaust tem-
perature back up to factory level of the engine with a noticeable increase in power. 
 
Note: Any or all of the recommendations and suggestions in this booklet may not be com-
patible with local vehicle clean air laws. Individuals should check the local laws prior to in-
corporating any modifications to vehicles to ascertain the legality of such modifications. 
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INTERCOOLER SIZES AND FIN  

CONFIGURATION FOR SPECIAL PURPOSES 
 

Most frequently, the aspect ration or width to height ratio of an intercooler is close to a 
square or rectangle with nearly the same width and height.  The ratio of width to height gen-
erally gives a good balance with regard to total face area, a reasonable charge side face 
area where the manifold is welded, and not too long a flow path for the charge. 
 
Frequently, we get requests from people who want a long, thin intercooler, where the 
charge flows through the long direction of the core.  Generally, they want to put the inter-
cooler beneath the bumper or in the valance near the bumper, crossways across the car 
and they have very little space in height. This requires a special intercooler, in that since the 
charge flow is going through the long way, possibly 20’ or 30”, the fins must be specially de-
signed for low-pressure drop. 
 
Generally, each individual fin, called a plain fin, does not have a small louver punched in the 
side.  Additionally, the fin density per inch is generally in the range of 7 to 8 fins per inch, as 
opposed to in a conventionally shaped square or rectangular intercooler where the fin den-
sity may be as high as 20 fins per inch.  If such an intercooler is designed properly, it is pos-
sible to achieve as good efficiency as the conventionally shaped intercoolers.  For this type 
of application, Spearco offers #2-113 and #2-178. 

Charge side plain 
fin, low pressure 
drop, moderate 

Ambient side plain 
fins 

Charge or ambient 
side offset fins 

Ambient side louver 
fins 

Ambient side tri-
split fins 
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OVERSIZED INTERCOOLERS 

Frequently asked questions are 
“Can I make my intercooler too 
large?" and ”If I do use a large inter-
cooler, will I get a turbo lag?”  We 
usually answer that yes, it is possi-
ble for an intercooler to be too 
large, and the resultant internal vol-
ume will be such that you will in-
duce turbo lag.  However, in actual 
practice, generally on all passenger 
cars and light trucks, there is simply 
not enough space to install an inter-
cooler that would be too large for 
the application. 
 
Therefore, from a practical stand-
point, larger is better.  A large size 
intercooler will generally have less pressure drop and, since it has a larger face area, it will 
have a higher cooling effectiveness. So when you are studying a vehicle for intercooler size 
and position, generally you can be comfortable in designing it as large as you can fit into the 
vehicle without the danger of inducing turbo lag.  The only exception may be on the road 
racing cars, where some times crisp throttle response is measured in split seconds and 
minimum turbo lag is paramount 
 
In some cases, adding a large intercooler to vehicles equipped with EFI  with a mass air 
flow meter will result in erratic function of the mass air flow meter.  In some manner, the 
added volume of the intercooler disturbs the resonance of the entire induction tract up 
through the turbocharger and the mass air flow meter.  The result can be stalling from idle 
after racing the engine and erratic part or trailing throttle operation.  For this reason it is not 
wise to install an intercooler of excessive size.  In the event that the above erratic operation 
is noted after installation of an intercooler of any size, frequently the installation of a bypass 
valve (Spearco Part Number #1-193) will eliminate or minimize the problem.  
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WATER IINJECTION SYSTEM 

Water Injection kits do not replace actual 
intercoolers; it is just a device that allows 
cooler, denser air into a vehicle’s intake sys-
tem.  Although water may not burn, it works 
excellently as a cooling media, and helps re-
duce peak combustion and air inlet tempera-
tures.  With high specific heat capacity and a 
perfect heat absorbing media, water injection 
kits work great on high performance-forced, 
induced and normally aspirated engines. Wa-
ter injection generally aids in cooling the inlet 
air temperature and creates denser air. The 
denser air in return, allows more fuel to be added, and results in more power overall.  
 
Water prevents intake temperatures from rising when injected into the air stream, which re-
duces the inlet temperature, thus increasing volumetric efficiency of the engine.  Addition-
ally, the water evaporates when injected into the air stream. This process reduces the 
charge temperature prior to ignition and reduces the possibility of pre-ignition caused by hot 
sports in the cylinder head.  Water has always been the optimal choice for intake charge 
cooling because is it one of the best cooling liquids, is readily available, cheap and can be 
stored under various conditions such as high temperature engine compartments. 
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CHARGE AIR COOLING BY REFRIGERATION 
 

 

Occasionally, we have customers ask  if they could somehow use their air conditioning 
compressor and/or air conditioning system to assemble a refrigerated  type of charge 
cooler.  This should not be considered as the basic problem is that the heat rejection re-
quired , even on a 2.0 L engine, is far beyond the capacity of the normal or even  high ca-
pacity air conditioning compressor or system. A 2.0L engine at 600 rpm, 15PSI boost would 
require about 35,040 BTU/hr of cooling to reduce the charge temperature 150º and a 
5.0Lengine at the same condition would require about 87,000 BTU/hr to cool the charge 
temperature.  The BTU rejection of a typical air conditioning system is in the 30,000 to 
35,000 BTU/hr range, so it is clear that this is not workable. 
 
In addition, it requires a lot of horsepower to drive the compressor, so even if the compres-
sor was large enough, the power required to drive the compressor makes it unattractive. 
 

INTERCOOLER THICKNESS 
 

Spearco offers intercoolers in 2.25”, 3.0", 3.5’ and 4.5” thickness and soon will be offering 
1.6”, 2.0” and 3.0”.  The thicker intercooler has more capacity than a same dimension  inter-
cooler that might be thinner.  However, as the intercooler becomes thicker, the placement is 
more critical in that it requires more static air pressure to force cooling air through the inter-
cooler fins.  Most all of the 4.5” thick cores use a 1/2 “ high x 9 fins per vehicles by forcing 
the cooling air through the cores with a centrifugal or squirrel cage blower set up to draw 
cool air from some area of the vehicle and direct it over the core with an appropriate system 
of ducting and air shrouds.  We recommend only this type of blower as generally propeller 
style fans as used on the back or front side of the radiator frequently do not develop suffi-
cient static pressure to force the air through such thick cores.  ITT Jabsco and other compa-
nies make 12V DC squirrel cage blowers, in 150cfm and 250cfm models, which can be 
used for this purpose.  They are available from marine supply houses. 
inch configuration which is relatively open and allows sufficient air flow even at street 
speeds. 
 
For special applications, we have designed 6” thick and 7-1/2” thick intercoolers.  However, 
these are generally confined to race cars that have speeds above 150 mph. 
At these speeds, there is sufficient static air pressure to force the cooling air through the 
thick intercooler cores.   Sometimes it is possible to use cores thicker than 4.5" in street. 
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ALL ABOUT INTERCOOLING 

WELDING ALUMINUM INTERCOOLER CORES 

AND OTHER ALUMINUM COMPONENTS 

All cores are readily welded using TIG ( Tungsten Insert Gas  Welding) more commonly re-
ferred to as Heli-arc welding.  Follow the standard procedures for welding aluminum.  No 
special technique is required, however some suggestions which will be helpful are as  
follows: 
 
 
1. All parts must be very clean.  New cores 

usually do not require cleaning, however 
great care should be taken to be sure the 
manifolds to be welded to the core are 100 
% clean and free of oil, grease and foreign 
particles.  Wash in a water based industrial 
cleaner, flush with clean water and thor-
oughly dry. 

 

2. To concentrate heat, we recommend using 
2% Thoria Tungston Electrode-1/8” diame-
ter. 

 

3. Use sufficient heat so you can move fairly 
quickly to avoid putting excess heat into the edge of the core. 

 

4.  Argon gas will work well.  However, if you are striving for optimum appearance, use he-
lium/argon (75% / 25%).  This will produce a shinier weld and less amperage is required, 
consequently less heat will be put into the part. 
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ALL ABOUT INTERCOOLING 

PRESSURE TESTING THE INTERCOOLER  

ASSEMBLY 

After welding the core assembly, it can be pressurized to about 3-5 psi and submerged in 
water to check for air bubbles.  Although a 100% leak-free intercooler is desirable, it is not 
essential, therefore small bubble leaks like champagne bubbles may be acceptable.  These 
very small leaks might be 0.05cfm or less and the hose connection at the intercooler gener-
ally leaks more than that, so it is not necessary to spend a lot of time trying to find or repair 
tiny leaks. 
 
The exception to this is on air/liquid intercooler assemblies, which must be 100 % leak free 
on the liquid side. 
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