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3.4

Maximum Total Weight of Debris = 25.0 mg (8.82 x 10 0z) This is a recommendation based on a “typical” On-

Highway CAC with a face area of 0.20 to 1.0 square meter and up to a 70 mm thickness. CAC units having a
smaller size/volume will have proportionately lower recommended total debris weight while CAC units used for Off-
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Maximum Individual Debris Particle Size = 3.175 mm (0.125 in)
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4. CHARGE AIR COOLER CHEMICAL AND DEBRIS INTERNAL CLEANLINESS TEST METHODS

The apparatus and procedure for determining CAC chemical and debris internal cleanliness is described as follows:

4.1

Apparatus for chemical cleanliness

Laboratory Glassware

Laboratory Supplies

lon Chromatograph (IC)

Atomic Absorption (AA) Spectrophotometer

4.2

4.2.1

422

423

424

4.2.5

4.2.6

4.2.7

4.2.8

4.2.9

Procedure for Determine Chemical Cleanliness

All laboratory glassware used for testing must be clean and triple rinsed with ASTM D1193\T'yf

Obtain clear
Plug all CAQ

Fill the CAC
loss from ing

Once the C/
eight (8) hou

At the conc
volume of sq

Once all the
mixed.

With a clean

Using stand
sample with

to the criteria provided above._External analytical laboratories can be used as resources dictg

and rinsed rubber stoppers to seal CAC so it is water tight.
ports except the one highest in the unit under test.

with Type | reagent water, tipping it back and forth to let air.escape. Be careful
ide the CAC.

A\C is full of water, seal the last port and let the unit-under test sit stationary at r
rs.

usion of eight (8) hours, carefully drain the CAC into a clean vessel that will h
lution from the CAC.
solution is collected from the CAC in'the vessel, stir the solution with a stir rod

sample bottle, remove approximately 100 milliliters of solution from the vessel fo

an AA, or ICP and 1€ te determine the flux chemical element levels in ppm. Cqg

pe | reagent water.

o avoid any solution

bom temperature for

pld the total internal

until it is sufficiently

chemical analysis.

ard laboratory procedures outlined by ASTM in Section 2, REFERENCES, analyze the solution

mpare these results
te.
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4.2.10 Thereports

4.3  Apparatus for

hould include the following:

Customer Part Number

Manufacturer’'s Part Number

Date of Manufacture

Chemical Cleanliness Levels

debris cleanliness

5.0 pu Qualitative Grade Filter Paper

0.5 u Membrane Filt
Filtering Assembly

Vacuum Filtering Flg
Beakers
Reagent Grade Sol\
be handled accordin

and assemblies. If
testing.

Analytical Balance S
Drying Oven
Desiccator
Tweezers

Magnification Devicg

4.4  Procedure for

br Paper

sk

ent, also known as Methanol.
gly. Methanol is compatible with most metallic and non-metallic Charge Air Cod

ensitive to 0.1 mg

with Scale
determining debris cleanliness

b and the test area used for determining CAC compliance with this document mu

ected test solvent’through a 0.5 micron membrane filter paper.
auses clogging:

Replace with

micron-qualitative grade filter paper in the drying oven at 100 °C (212 °F) for 1
ryingoven and place in a desiccator to cool to 20 °C (68 °F). Remove filter papef
tothe nearest 0.1 mg (3.5 x 10 0z) with an analytical balance. Record tare we

Note: Methanol is a highly volatile and flammabl¢ solvent and should

ler component parts

possible, Charge Air Cooler component part compatibility with Methanol should he confirmed prior to

st be clean and free

a new filter paper if

b min. Remove filter
from the desiccator
ght of filter paper as

o oy filltar nanar if tatal Aaheic ~olicnc alaaaina racilic bhAaiaa

ath adlalitn
ce-wHR-ahRew-Hhtet PPt T tOT T O oo Cao st o Croggmiyg;, o ountootmyg aeaithve:

Position the CAC so that the inlet and outlet portals are facing upwards. Pour a volume of filtered solvent equal to

40% of the total internal volume of the CAC into the CAC air inlet portal, and cap the air inlet and outlet portals.

Tip the CAC back and forth in such a manner that the inlet and outlet tanks are alternately filled with solvent.

Repeat the back and forth tipping for 10 cycles to ensure that the solvent flushes all the internal surfaces. Tipping
the CAC back and forth so that the solvent flows from one tank to the other and then back to the first tank is equal

Drain half of the solvent from the air outlet portal of the CAC into a beaker.

Drain the other half of the solvent

from the air inlet portal of the CAC into a beaker. Filter the solvent through the previously prepared and weighed
5.0 micron filter paper, which has been set up in the vacuum filtering assembily.

4.41 All glasswar
from debris.

4.4.2 Filter the se
total debris (

443 Place a5.0
paper from ¢
and weigh i
W10. Replace

444

445
to 1 cycle.

446

447

The spent filtrate can be used for future CAC testing after it has been filtered through a 0.5 micron filter paper.
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4.4.8 Remove the filter paper from the filtering assembly and place it in the drying oven at 100 °C (212 °F) for 15 min.
Remove the filter paper from the drying oven and place it in a desiccator to cool to 20 °C (68 °F). Remove the
filter paper from the desiccator and weigh it to the nearest 0.1 mg (3.5 x 10-6 oz) with an analytical balance as
Wte.

449 The dry weight of the filter paper with the debris residue (Wte) minus the tare weight of the filter paper (Wt0)
equals the debris weight (Wtd). Compare the measured debris weight (Wtd) to the debris weight limit to
determine if this requirement has been met.

4410 Using the magnification device and its included optical scale, measure the maximum and minimum linear
dimensions of the debris particles on the filter paper. Calculate the area of the debris particles. Compare the
measured debris particle sizes to the debris size limit and compare the calculated debris particle areas to the
debris particle area limit to determine if these requirements have been met.

4.411 The report should include the following:

e Custoner Part Number

e Manufgcturer's Part Number

e Date of Manufacture

o Debris Weight, Particle size and Particle Area Results
5. CHARGE AIR COOLER LEAKAGE
These sections desdribe the circumstances where small leaks in airsto-air charge air coolers are acceptable and describes
test methods to mepsure these leaks. Brazed aluminum, airo-air charge air coolers have been lised since the early
1980’s on many turlpocharged Diesel engines. It is difficultto manufacture charge air coolers completely free of leaks,
and Diesel engine performance is not significantly affected by slight charge air leaks. Consequently, most engine
manufacturers publigh allowable leak rates for charge air Coolers.
6. CHARGE AIR COOLER LEAKAGE TESTING
Two types of leak tests are common:

6.1  Pressure Decay

6.1.1 Procedure

Cap the inlet and odtlet of the-charge air cooler. One of the caps needs to have an adapter for a slipply of compressed
air. THE CAPS NEED TO’BE SECURED TO THE CHARGE AIR COOLER WITH CABLES OR CHAINS TO PREVENT
BLOW-OFFS. Attagh-a'shop airline to the adapter with a pressure gauge, regulator and shut-off valye. Supply air to the
charge air cooler to ifi i i r the pressure in the
charge air cooler to decay to the specified minimum pressure.

6.1.2 Criteria

The specified pressures and times are available from the manufacturer of the engine or charge air cooler. Typical values
are in the range of a 20-50 kPa (3-7 psi) pressure loss from 100-200 kPa (15-29 psi) gage pressure in 15-60 seconds.
The stated values are for reference only as specific requirements will be driven by the engine or CAC manufacturer.

6.2 Submersion Test

6.2.1  Procedure

Supply air per Procedure above while the charge air cooler is submerged in water. Capture the air bubbles that leak from

the cooler and measure the volume of leaked air during a specified time period. This procedure is difficult to perform in
the field and is primarily used at the charge air cooler manufacturing facility.
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6.2.2 Criteria

The specified leak rates at a given pressure are available from the manufacturer of the engine or charge air cooler.
Typical leak rates are in the range of 10-200 cc/min (1-12 cubic inches/min) at 100 kPa (15 psi) gage pressure. The
stated values are for reference only as specific requirements will be driven by the engine or CAC manufacturer.

7. ADDITIONAL CHARGE AIR COOLER LEAKAGE NOTES

7.1 Leak Rate Trends

In general, allowable charge air cooler leak rates are being reduced by engine manufacturers as newer engines become

more sensitive to charge air leakage. The latest engine specifications must be utilized to determine up-to-date
requirements.

7.2 Causes of Ledks

Allowable charge ail cooler leaks are typically caused by minor defects in welding, brazing ‘o casting processes. These
leaks will not get wgrse over time. Fatigue cracks in a tube, header or tank are not considéred allowable leaks and will
result in higher leak rates over time as the cracks grow.
8. CHARGE AIR CIOOLER NOMENCLATURE

For purposes of thi§ SAE Recommended Practice, charge air may be referted to as a fluid when in|fact it is a gas. The
cooling medium may be referred to as a fluid when in fact either liquids or-gases can be employed.

8.1 Hardware
8.1.1  Aftercooler
A charge air heat exghanger located after the compressor,(see Intercooler).

8.1.2  Air-to-Air Cooler

A charge air heat exghanger that uses ambient-air'as the cooling medium. See Figures 6 and 7.
8.1.3 Core
The portion of the heat exchanger,_that includes the principal heat transfer surface areas. The mgin core components
include the tubes, external fins, internal fins, and oftentimes, the header. Some designs include the header as part of the
inlet and outlet tank$. The core;¢omponents are either brazed or mechanically fastened together. Mechanically fastened
core components arg connected with expanded joints, sealants or interference fit elastomeric gasketg. These gaskets are

sometimes called regilient . grommets. Some cores have brazed tube-to-fin joints in combination with|elastomeric gaskets
between the tubes ahd.headers. Most OEM cores are brazed with one of the following manufacturing processes:

8.1.4  Air Brazing

Brazing the heat transfer components of the core in an air atmosphere and typically employing a corrosive type flux.

8.1.5  Vacuum Braze

Brazing the heat transfer components of the core in a nearly zero atmosphere and typically without the use of liquid flux.
8.1.6  Controlled Atmosphere Braze (C.A.B.)

Brazing the heat transfer components of the core in a controlled atmosphere and typically employing a non-corrosive flux.

Typical examples of this brazing process include aluminum alloy brazing by the NOCOLOK® process and copper alloy
brazing by the CUPROBRAZE® process, which typically employ a nitrogen atmosphere.
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8.1.7 Dip Braze
Brazing the heat transfer components of the core in a molten metal or salt bath.
8.1.8 Exothermic Braze

Brazing the heat transfer components of the core through the employment of an exothermic compound sufficient to reach
the brazing temperature of the filler metal.

8.1.9 Torch Braze

The heat transfer components of the core are joined mechanically by expanding the tubes. The tube-to-header joints are
torch brazed.

8.1.10 External Fin

1°2)

Secondary surfaces|that increase the area to transfer heat to the cold fluid.
8.1.11 Header

The portion of the qore that connects the inlet and outlet tanks to the core matrix.: The ferrules ar¢ typically formed or
pierced.

8.1.12 Inlet Ducts
The portions of the gooling system that direct the fluids into the inletd¢anks of the heat exchanger.
8.1.13 Inlet Tanks

The portions of the heat exchanger located between thé compressor and the intake manifold| or between series
compressors that direct the fluids into the core matrix.

8.1.14 Intercooler
A charge air heat exghanger located between the compressor and the intake manifold or between serfes compressors.
8.1.15 Internal Fins
Secondary surfaces that increasgthe area that is to transfer heat from the hot fluid.
8.1.16 Air-to-Coolapt Cooler

A charge air heat exchanger that uses the engine coolant or other external liquid coolant as the cqoling medium. See
Figures 2, 3, 4, and

-a

8.1.17 Multipass

A charge air heat exchanger that passes the fluids through the core matrix more than once.

8.1.18 Outlet Ducts

The portions of the cooling system that direct the fluids out of the outlet tanks of the heat exchanger.
8.1.19 Outlet Tank

The portion of the heat exchanger that direct the fluids out of the core matrix.
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8.1.20 Remote Mounted

A charge air heat exchanger that is located (mounted) in an area not normally associated with or convenient to the cooling
medium.

8.1.21 Single Pass
A charge air heat exchanger that passes the fluids through the core only once.
8.1.22 Tubes

The portions of the heat exchanger core matrix that are used to separate the fluids and are also the primary heat transfer
surface areas. (See Figure 1 for typical tube types.)

8.1.23 Turbulator
Secondary surfaces[that increase the turbulence and mixing of the cold or hot fluids.
8.2 Operating and Performance Parameters

8.2.1  Ambient Temperature

The temperature of the air surrounding the engine or vehicle before such air'is influenced by heat or work energy from the
engine or vehicle.

8.2.2 Boost Presslre
The pressure of the gharge air as it leaves the turbocharger, supercharger, or other compressor.
8.2.3 Density Recpvery Efficiency

The ratio of the chdrge air density increase achieved-from cooling the charged air, to the density flecrease due to the
temperature rise in the process of compressing the-charge air.

8.2.4 Density Recpvery Ratio

The ratio of the chafge air density at the) engine intake manifold to the air density at conditions of ambient temperature
and boost pressure.
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WELDED TUBE

BAR AND PLATE

Figure 1 - Charge air cooler tubes
8.2.5 Inlet Pressure
The pressure of the pharge air as it enters the helat exchanger.
8.2.6 Inlet Temperfature

The temperature of the fluids as they. enter the heat exchanger.
8.2.7 Inlet Tempefature Differential (ITD)

The inlet temperaturg difference between the hot and cold fluids.

8.2.8 Intake ManifoldPressure

The charge air pressure in the intake manifold.

8.2.9 Intake Manifold Temperature

The charge air temperature in the intake manifold.
8.2.10 Intake Manifold Temperature Differential (IMTD)

The difference between the charge air temperature in the intake manifold and the ambient temperature.
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8.2.11 Mass Flow Rate

The rate of flow of the hot and cold fluids through the heat exchanging system expressed in terms of mass units per unit

time.

8.2.12 Operating Conditions

The conditions under which the heat exchanger must operate; usually determined or set as the most severe conditions
the heat exchanger will operate under continuously.

8.2.13 Outlet Pressure

The pressure of the fluids as they exit the heat exchanger.

8.2.14 Outlet Temp

erature

The temperature of the fluids as they exit the heat exchanger.

8.2.15 Pressure Dr

The difference in flU
system.

PP

id pressures as measured between the inlet and outlet of, the*heat exchanger

8.2.16 Temperatur¢ Drop

The difference in the fluid temperatures as measured between ¢he inlet and outlet of the heat

exchanging system.

8.2.17 Temperatur¢ Effectiveness

The ratio of the inlg
differential.

8.2.18 Test Conditi

The conditions unds

t charge air temperature minus the outlet charge air temperature divided by t

DNS

r which the heat exehanger is tested to determine its effectiveness and presst

same as the operating conditions.

9. SCHEMATICS (

DF TYPICAL.GHARGE AIR COOLERS
Heat ExXchangers

he. intake manifold (see Figures 2 and 3)

or heat exchanging

exchanger or heat

ne inlet temperature

re drop, usually the

9.1 Air-to-Coolant
9.1.1  Mounted in {
9.1.2

Mounted remotely (see Figures 4 and 5)


https://saenorm.com/api/?name=ec3d833b8bcbf3896a34433dec894d1b

SAE INTERNATIONAL J1726 Revised JUL2015 Page 11 of 14

TIE BRACES (OPTIONAL)
CORE HOUSING
COOLANT
ouT ‘\

HEATED CHARGE
AlR

TANK

COOLANTAN

AAOLINTING o i
FLANGE l T "\
COOLED CHARGE AIR

NoTe+Coolant sources can be varied.
Materials have to be compatible with the type of coolant and environment.

Coolant traverses may be a single pass or a multipass atrangement.

Figure 2 - Air-to-coolant - mounted_in intake manifold
HEATED CHARGE AIR

COOLANT

AlR SEAL

COOLANT
ouT

COGLED CHARGE AIR
HEADER

NoTe—Coolant sources can be varied,
Materials have 1o be compatible with the type of coolant and environment.

Coolant traverses may be a single pass or a multipass arrangement.

Figure 3 - Air-to-coolant - mounted in intake manifold
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