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References

Applicable Publication—The following publication forms a part of this specification to the extent specified

herein.

CFR PusLIcATION—AVvailable from The Superintendent of Documents, U.S. Government Printing Office,
Washington, DC 20402.

CFR Title 40, Part 86—Control of Air Pollution from New Motor Vehicles and New Motor Vehicle Engines:
Certification and Test Procedures

Definitions

Heated Chdrge Air—Engine charge air that has been heated by compression in<a*tu

superchargd
Cooling Me

Cooled Chg
referred to 3
and the veh
to the turbog
charge air ¢
routed to mi

Engine Cha
turbocharge
transferring

r(s).
dium—The fluid, usually air or water, used to cool the heated engine charge air.

rge Air Temperature—The temperature of the cooled charge air entering the er
s "intake manifold" temperature). This temperature may differ’significantly betw

bocharger(s) or

gine (commonly
een the test cell

cle due to underhood heating. Engine inlet air temperature rise of 8 to 10 °C from the air cleaner

harger(s) or supercharger(s) and cooled charge air témperature rise of 3to 5 °C
poler to the engine inlet are typical in the vehicle. Riping length should be minimi
himize this temperature rise.

rge Air Cooler—The heat exchanger located in the charge air path betw
(s) or supercharger(s) and the enginetvcylinders. It reduces the charge air
neat from the charge air to a cooling medium.

Cooled Ch

Engine Radfiator—The heat exchanger used for engine cooling. In some systems, the enging

provides cog

Engine Cha
outlet to the

charge air cgoler itself.

Test Cell Cg
the charge 4

Tge Air—Engine charge air that has been cooled by passing through the engine g

lant to the engine charge air cooler.

from the engine
yed and properly

ben the engine
temperature by

harge air cooler.

e radiator(s) also

rge Air-cooler System Volume—The volume of the intake air system from the turbocharger

engine inlet. This’volume includes the piping to and from the engine charge a

oler System—The system of heat exchangers and related hardware in the test
ir to.therengine.

r cooler and the

cell used to cool

Rated Load

< D - e el L L (] L - bl L - H
SetPomt-Femperature=The—cooted—charge—air—temperature—with—the—engine operating and

stabilized at rated speed and load at a 25 °C ambient temperature. This set point can be established through
vehicle on-road testing, full load vehicle testing on a chassis dyno, from engine manufacturer specification for

the intended

application, or from computer modeling of the cooler system.

Engine Charge Air-cooler System Thermal Response Time—Time to reach 85% of the cooled charge air
temperature difference between low idle and rated engine speed and load following a rapid acceleration
between these two operating conditions.
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4.1

4.2

4.3

4.4

Engine Charge Air-cooler System Pressure Drop—The charge air pressure differential measured between
the turbocharger or supercharger outlet and the engine inlet. These pressure measurements are taken with
the engine operating at rated engine speed and load. A static-pressure measurement taken at each location
will normally provide an adequate measurement of pressure differential and is a much simpler measurement
than the total pressure at each location. Care should be taken to make the measurement in a location without
bends and piping size changes.

Transient Emissions Test—The test procedure prescribed by the US EPA for emissions testing of HDDE.
The test is performed in an engine test cell and requires the use of a dynamometer with motoring capability.
The test procedures are described in the Code of Federal Regulations (CFR) Title 40, Part 86, Subpart N.

Transient T
torque value

Federal Sm

ined in CFR Title 40, Part 86, Appendi

s. A listing of the individual points is contal

pke Test—The test procedure prescribed by the US EPA for smoke opacity-testin

test is perfomed in an engine test cell and is described in CFR Title 40, Part 86, Subpatrt .

Heavy-duty
heavy-duty

Important B

Cooled Chd

ehicles. The test schedule is contained in CFR Title 40, Part‘86; Appendix | (d).
ngine Charge Air-Cooler System Parameters

rge Air Temperature—The most important parameter to be controlled by the

system during engine testing is the cooled charge air temperature. The cooled charge air te

strong effec
typical of vg
temperature
Transient En

Engine Cha
system affeq

the air/fuel ratio and could affect perfofmance and emissions. Therefore, the test cell cooler sy
pressure drop representative of typical, installed vehicle charge air-cooler system

a charge air

Engine Cha
Transient Te|
that the the

hicle operation. This document describes‘a procedure to define the typical c
levels (4.1) and to set up the test cellvcooler system to achieve those levels
hission Test and Federal Smoke Test (5¢2).

rge Air-Cooler System Pressure-Drop—The pressure drop in the engine c¢
ts the pressure of the cooled charge air when it reaches the cylinders. This pres

st Cycle and the effect of the cooled charge air temperature on emissions, it is nec

system. Cadlition must’be exercised when using an air-to-water test cell cooler system to simul

to-air systen
vehicle air-tq

-air.system.

Chassis Cycle—The test cycle prescribed by the US EPA forchassis dynamg

rge Air-Cooler System Thermal Response Time—Due to the highly transient n
'mal responseof the test cell cooler system is representative of the vehicle d

n. Excessive water volume could result in a thermal response that is not repré

alized speed and

1 ()(2).

j of HDDE. This

meter testing of

test cell cooler
mperature has a

on engine performance and emission levels;, so this temperature must be controlled to levels

pboled charge air
during the EPA

harge air-cooler
bure drop affects
stem must have
S.

ature of the EPA
pssary to ensure
harge air-cooler
ate a vehicle air-
sentative of the

Engine Ch

At 1 <o " Ao B H - H " H " ") 1
YT AIT=CUUITT Oy ST VUTUTITC=—UUTTTy rarisicrit THyIiric UPCTAtliult, i Lilalyt

volume affects the instantaneous air/fuel ratio and could affect performance and emissions.
necessary to ensure that the test cell cooler system volume is representative of vehicle installations.

ir-cooler system
It is, therefore,



https://saenorm.com/api/?name=f98f37bcb077ae919c116e37ff7e6d25

SAE J1937 Reaffirmed JAN95

51

511

51.2

5.1.3

5.2

5.3

Vehicle Testing—Actual vehicle testing (or computer modeling of the vehicle cooler system using a valid
model) should be conducted to determine values for the important engine charge air-cooler system
parameters. The vehicle used should be representative of a typical installation for the engine size and output
being tested. The values generated for these charge air-cooler system parameters are needed to validate the
performance of the test cell cooler system. Generalized descriptions of typical vehicle charge air-cooler
systems are included in Section A.1.

During this vehicle testing, attention should be given to the temperature rise of the engine inlet air and cooled

charge air due to underhood heating to ensure that they are not excessive.

Cooled Charge Air Temperature

The rated

in the velhicle.

represents

cooling fam, etc.) should be representative of a typical installation meeting engine.manufad

guidelines,
temperatu
testing (i.e

On-road Vv
operating
EPA HeaV]
listed as fq

a. Veh
b. Veh
c. Veh

Low idle p
EPA Tran
Heavy-Du
ranges of

It is recom

oad set point temperature should be determined during operation at rated enging
tive of on-the-road operation can be provided. The hardware used (charge air

The engine cooling fan drive should be fully engaged when determining the rat
fe. The engine cooling medium used in the test cell should be(the same as us
., water or antifreeze).

ehicle operation should also be performed to define a €ooled, charge air tempe
conditions typical of the transient cycle. Operating conditions should follow the tin
y-Duty Chassis Cycle or be characteristic of the three‘modes of the 20 min EPA T
llows:

cle speeds averaging 13 km/h—New York Nonfreeway
cle speeds averaging 24 km/h—Los Angeles Nonfreeway
cle speeds averaging 72 km/h—Los Angeles Freeway

eriods of up to 2 min duration should also be included to duplicate the idle periods
Sient Test Cycle. The cooling-fan should operate in the normal mode for this te
y Chassis and Transient Test cycles are different from each other but should
cooled charge air temperature.

mended that these(tésts be run at an ambient temperature of 25 ° + 5 °C and res

25 °C am

ient. In this range) cooled charge air temperature can be corrected 1 °C per 1

speed and load

This testing can be done on the road and/or on a chassis dyhamorneter if ram air

cooler, radiator,
turer application
bd load set-point
bd in the vehicle

rature range for
ne records of the
ansient Cycle as

contained in the
sting. The EPA
produce similar

ults corrected to
°C ambient with

adequate jaccuracy. Operation at ambient temperatures outside of this range should be|limited to those

temperatufes whose-esults can be accurately extrapolated to 25 °C ambient.

Engine Charge Air-Cooler System Pressure Drop—Pressure drop across the engine c¢
system shoyld-be'measured at rated engine speed and load in a variety of vehicles. This mea
made at thelsame time that the rated load set point is being measured

harge air-cooler
surement can be

Engine Charge Air-Cooler System Thermal Response Time—Thermal response data can be obtained on a
chassis dynamometer, during on-the-road testing with a loaded trailer or a dynamometer trailer, or from
computer modeling of the vehicle cooler system. If on-the-road testing is performed, the trailer or dyno trailer
used should provide a load that is typical for the vehicle being used. The engine cooling fan drive should be
fully engaged for this testing.

The thermal response of the engine charge air-cooler system is determined by a rapid acceleration from low
idle to rated engine speed and load, until the cooled charge air temperature stabilizes. Gearing should be
selected (or ram air provided) to result in road speeds in the vicinity of 48 to 72 km/h when the engine is at
rated speed and load. The cooled charge air temperature history should be recorded over this time period for
later comparison to test cell cooler system response.
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6.1

6.2

6.2.1

6.2.2

6.2.3

7.1

If possible, this test should be run twice to establish the effect of a "cold" versus "hot" charge air cooler on
thermal response. This can easily accomplished by running back-to-back tests without allowing the engine to
remain at alow idle between tests.

Initial Test Cell Cooler System Set Points—This section describes the initial adjustment of the test cell
cooler system parameters to approximate values obtained from vehicle testing. The same test cell cooler
system should be used for both EPA Transient Emissions Test and Federal Smoke Test. The location of the
cooled charge air pressure and temperature transducers should be the same for both the in-vehicle and the
test cell dynamometer testing.

Various test cell systems are used by manufacturers to S|mulate veh|cle charge air cooler systems. These can
be classified+ , ed charge air. A
brief descrlptlon of each type of test ceII system is included in Section A.2.

Before EPA [Transient Emissions or Federal Smoke testing is performed, operate the engine at|rated speed and
load and adjust the cooled charge air temperature to the rated load set point +3 °C'(4.1.1). At the same time,
the test cell|cooler system pressure drop should be measured and adjusted,.ifi necessary, fo 2 kPa of the
pressure drgp representative of vehicle charge air cooler systems.

For EPA Trapsient Emissions testing, these settings should be adjusted-prior to running the maximum torque
curve and should be used for transient emissions testing following forced or natural cool doyvn. For Federal
Smoke testing, these adjustments should be made during the 10,min warm-up prior to the firsf smoke cycle.

For test cqll cooler systems using water as the charge aircooling medium (i.e., air-to-air (water bath), air-to-
water, or vater-to-water systems), the water flow and/or;level is adjusted to obtain the rat¢d load set point
temperatufe. It is recommended that the water temperature used as the cooling mediunt be in the 20 to
30 °C range. This will more easily provide a representative cooled charge air temperaturg at low idle with
consideraﬁ?on given to underhood heating of the;engine inlet air the cooled charge air.

For test cqll cooler systems using air as the charge air cooling medium (i.e., air-to-air systems using engine
driven or guxiliary cooling fans), airflow ds*controlled to obtain the rated load set point temperature. Due to
the lack of vehicle ram air in the test cell, the cooled charge air temperature may exceed the rated load set
point. Thgrefore, efforts should be made to maximize cooling airflow. It is recommended that the air used as
the chargg air cooling medium-be controlled to 20 to 30 °C. Again, this will more easily provide a
representative charge air temperature at low idle with consideration given to underhood heaftjng of the engine
inlet air and cooled charge air.

For test cgll cooler systems using the actual vehicle charge air cooler and piping, charge gir cooler system
pressure drop willkbe representative of that found in vehicle installations. Other test cell cogler systems may
need meaps to_adjust the engine charge air-cooler system pressure drop.

Evaluation

Rated Engine Speed and Load—A check of rated load set point temperature and engine charge air cooler
pressure drop should be made immediately following EPA Transient Emissions and Federal Smoke testing.
With the engine operating at rated engine speed and load, cooled charge air temperature should match the
rated load set point £3 °C and test cell cooler system pressure drop should match the pressure drop
representative of vehicle charge air coolers within £2 kPa.
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7.2

7.3

7.4

9.1

Transient Emissions Test—The range of cooled charge air temperatures of the test cell cooler system
observed during the EPA Transient Emissions test should fall within the range of cooled charge air

temperatures observed during vehicle operation described in 4.1.2.

temperature

during the low test shall not fall below 20 °C.

In addition, the cooled charge air

If the range of cooled charge air temperatures of the test cell cooler system does not fall within the temperature
range from vehicle testing, adjustment or modification to the test cell cooler system control should be made.

Federal Smoke Test—Cooled charge air temperature at low idle should meet the idle criteria in 6.2.

Thermal Response Test—The time to reach 85% of the temperature difference between low idle and rated
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onse times should be used as a goal for developing a test cell cooler system.

[esting—Transient emissions and smoke levels of low temperatare-charge air-co
rated load set-point temperature, cooling medium temperature, and charge a

5 are placed on these cooler system parameters (5.2 and6.1). These limits are b3
sting conducted by various manufacturers on low temperature charge air-coole
er systems. Since the data were obtained from a.limited number of test cell cod
effects shown as follows should be considered general in nature and should not b
ts run outside of the suggested limits. A summary of this testing is included in Se

Tables 1 to 2 summarize the effects that ¢hanges have on emissions and smoke
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TABLE 1—SUMMARY OF EMISSIONS AND SMOKE SENSITIVITY

Average Effect

of 3°C Effect of Average Effect
Increase in 2 kPa Increase of 5 °C Increase
Range of Rated Load in Cooler in Cooling
Emission Test Data Set Point Pressure Drop Medium Temperature
HC 0.32-0.89 g/bhp h -0.7% -2.0% -1.8%
NO, 3.8-8.9 g/bhp h +0.6% -0.8% +0.6%
PART 0.24-0.67 g/bhp h -0.6% +2.2% +0.1
ACC SMOKE 9-9=+F5%opacity +0-2%% +3-3% +3.0%
LUG SMOKE 0.7-13.6% opacity +0.1% +1.1% -0.7%
PEAK SMOKE 13.8-43.5% opacity +0.4% +3.0% +3.3%
Manufacturers may w|sh to determine the emission sensitivity of their test cell cooler systems. Suggested sensitivity-test mgthods are included in
Section A.4 for this pyrpose.
TABLE 2—TEST CELL DATA
Cold Charge Rated Load Thermal
Engine Test Cell Cooling Air Temperature Set Point Response
Rating Cooler System Medium @ Idle Temperature Time
317 Kw Air to H,0O 30 °C H,O 355C 48 °C 2.4 min
298 Kw Air to H,O 25°C H,0 33°C 46 °C 3.5 min
261 Kw Air to H,O 30 °C H,0 30°C 44 °C 2.2 min
231 Kw Air to H,O 30 °C H,0 32°C 41°C 3.0 min
168 Kw Air to H,0 32°CH,0 34°C 45°C 4.0 min
179 Kw Water bath 25 °C H50 29°C 47 °C 2.5 min
179 Kw Water bath 25 %€ H,0 29°C 43°C 5.0 min
224 Kw Air to H,O 27°C H,0 29°C 43°C 2.3 min
TABLE 3—VEHICLE DATA
Cold Charge Rated Load Thermal
Engine Cooling Air Temperature Set Point Response
Rating Vehicle System Medium @ Idle Temperature Time
224 Kw Air-to-air 25 °C air 31°C 38°C 3.0 min
179 Kw Air-to-air 13 °C air 20°C 39°C 1.4 min
298 Kw Low flow -3°Carr 69 °C 47°C 1.5 min
298 Kw Air-to-air 23 °C air 26 °C 35°C 3.0 min
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9.2

9.3

If an engine driven fan is used in the test cell cooler system, the fan drive should be fully engaged during all
testing. Appropriate safety precautions, including fan guards, should be followed.

Care should be taken to avoid water leaks into the combustion air system when water is used as the charge air-
cooling medium. In addition, care should be taken to avoid condensation in the charge air system during
conditions of high humidity and low-cooling water temperature.

PREPARED BY THE SAE HEAVY-DUTY EMISSIONS STANDARDS COMMITTEE
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APPENDIX A

A.1 Vehicle Charge Air-Cooling Systems—Two types of charge air-cooler systems currently used in heavy-duty
vehicles are described as follows:

A.1.1 "Air-to-Air" Vehicle Charge Air-Cooler System—(See Figure Al.) An air-to-air charge air-cooler system is
mounted in the flow path of the vehicle cooling air either upstream of (as shown) or alongside the engine
radiator. Heated, charge air enters the charge air cooler, is cooled by vehicle cooling air, and is directed to the
engine inlet. The temperature and flow rate of the cooling air depends on the ambient temperature, vehicle

speed, and cooling fan speed.

COOLED CHARGE AIR CHARGE
- AIR
ENGINE - _L
FTeRe COOLER
FAN \g\o J /
\
COOLING
R A
AIR
-
2N R\
~— \
HEATED RADIATOR
CHARGE
AIR THERMOSTAT

TURBOCHARGER |

— — ~-ENGINE COOLANT

FIGURE A1—"AIR-TQ=AIR" VEHICLE CHARGE AIR COOLER SYSTEM
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A.1.2 "Low-Flow Coolant" Vehicle Charge Air-Cooler System—(See Figure A2.) The charge air cooler is
typically located in close proximity to the engine intake manifold. The heated charge air enters the charge air
cooler, is cooled by low-temperature coolant from the low-flow engine radiator, and enters directly into the
engine intake manifold. The temperature of the coolant is controlled by a system thermostat.

ENGINE FAN
AN —
-
N comen | | -—
CHARGE | AIR ! COOLING
l/ - [} L
1 [y
AIR
v A U ! -—
T i~
CHARGE [ L IR
AIR A
COOLER I U
HEATED
CHARGE g
TURBOCHARGER [ MR RADIATOR
THERMOSTAT
— — — —ENGINE COOLANT
FIGURE A2—"LOW-FLOW COOLANT" VEHICLE CHARGE AIR-COOLER SYSTEM

A.2 Test Cell Charge Air Cooler Systems—Five types of test ¢ell charge air-cooler systems that are currently in
use are desgribed as follows. For test cell systems whefe the engine coolant is cooled by|a test cell heat-
exchanger slystem, the engine coolant lines are not shown.

A.2.1 "Water-to-Water" Test Cell Charge Air-Cooler System—(See Figure A3.) This system is pised to simulate
the "low-flow coolant" vehicle charge air-cooler-system. A water-to-water heat exchanger isfused in place of
the low-flow| radiator to control the engine coolant inlet and outlet temperatures. The engine coolant and
cooled charge air temperatures are adjusted to the rated load set-point values. During EPA Transient
Emissions ahd Federal Smoke testingi.the temperature of the coolant to the charge air coolef is controlled by
the engine thermostat.

ENGINE\ :-d I
COOLED § COOLING
™ CHARGE | AIR f
: WATER
- !
! 1
1 |
n | l- e —
]
CHARGE i L : I
AIR P Aol
COOLER -
HEATED WATER TO
c:?:ce WATER HEAT
TURBOCHARGER i EXCHANGER
THERMOSTAT

— — — —ENGINE COOLANT

FIGURE A3—"WATER-TO-WATER" TEST CELL CHARGE AIR-COOLER SYSTEM

-10-
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A.2.2 "Air-to-Water" Test Cell Charge Air-Cooler System—(See Figure A4.) This system uses an air-to-water
heat exchanger to cool the heated charge air in place of the "air-to-air" vehicle charge air-cooler system. The
heat exchanger is sized to handle the required charge air heat load and the charge air-cooler system volume is
sized to approximate the vehicle charge air-cooler system volume. The cooling water flow is adjusted to obtain
the rated load set-point temperature.

ENGINE, COOLED CHARGE AIR

\\» COOLING

WATER

T \ o

\AIR TO

"
Y

HEATED WATER HEAT
CHARGE EXCHANGER
TURBOCHARGER AIR

FIGURE A4—"AIR-TO-WATER" TEST CELL CHARGE AIR-COOLER SYSTEM

A.2.3 "Air-to-Air (Water Bath)" Test Cell Charge Air-Cooler System—(See Figure A5.) This gystem uses the
vehicle charge air cooler submerged in a water tank in place of the "air-to-air" vehicle charge ajr-cooler system.
The heated |charge air is cooled by the surroundingiwater as the charge air passes through the charge air
cooler. The|temperature and/or flow of the waterthrough the tank are adjusted to obtain the rated load set-
point tempeffature. In some cases, the water level is also adjusted to control the cooled chargg air temperature
at low idle.

WATER
ENGINE COOLED CHARGE AIR TANK
< i

COOLING

WATER

A\

N\

CHARGE
CHARGE AIR
AIR COOLER

TURBOCHARGER

FIGURE A5—"AIR-TO-AIR (WATER BATH)" TEST CELL CHARGE AIR-COOLER SYSTEM
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https://saenorm.com/api/?name=f98f37bcb077ae919c116e37ff7e6d25

SAE J1937 Reaffirmed JAN95

A.2.4 "Air-to-Air (Engine Driven Fan)" Test Cell Charge Air-Cooler System—(See Figure A6.) This system uses
the vehicle charge air cooler and engine driven fan in the test cell. The heated charge air is cooled by passing
the cooling air through the charge air cooler. This test cell system requires a test cell with sufficient ventilation
to accommodate the cooling airflow and heat load.

Since the ram air effect is not generally available in the test cell, cooling airflow must be very high to avoid
exceeding the rated load set-point temperature.
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FIGURE p6—"AIR-TO-AIR (ENGINE DRIVEN FAN)"TEST CELL CHARGE AIR-COOLER|SYSTEM
A.2.5 "Air-to-Air (Auxiliary Fan)" Test Cell Charge Air*Cooler System—(See Figure A7.) This $ystem is similar

to the system described in A.2.4 except that anjauxiliary cooling fan is used in place of the epgine driven fan.
The auxiliary fan speed is proportional to engine speed.
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FIGURE A7—"AIR-TO-AIR (AUXILIARY FAN)" TEST CELL CHARGE AIR-COOLER SYSTEM
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