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2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical

Report.

2.21

ISO Publications

Copies of these documents are available online at https://webstore.ansi.org/.

ISO 7464
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APABILITY

LAT = Maximum engine coolant outlet temperature — engine coolant outlet temperature + ambient air

Similar to LAT (3.4.2) but refers to an ambient air temperature at which any of the fluids being cooled exceeds its design
temperature limit under a specified operating cycle.

3.4.4 AIR-TO-REDLINE (ATR)

The ambient air temperature at which the engine coolant outlet temperature reaches the coolant overheat warning

temperature.
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3.4.41

3.4.5 AMBIENT DESIGN TEMPERATURES (ADT)

ATR = Coolant overheat activation temperature — engine coolant outlet temperature + ambient air temperature.

The ambient air temperature at which each fluid being cooled in the cooling system reaches its design temperature limit
under specific operating conditions related to the equipment’s application.

3.4.5.1

ADT = Fluid design temperature limit — max fluid temperature in system + ambient air temperature.

3.4.6 TOP TANK TEMPERATURE DIFFERENTIAL (TTTD, also known as Top Tank Differential, TTD)

The difference between the coolant temperature at the radiator top tank and ambient air temperature. For a cross flow
radiator, this would be the difference between the radiator inlet temperature and ambient air temperature.
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The temperature differential between ambient air and engine outlet. The terminology assumes'water 3
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Figyre 1 - Vehicle cooling system (T/E/H stands for transmission,engine, hydra

4.1  Engine Cooling Module

An engine cooling mpdule assembly is a subassembly of the vehicle cooling.system designed for rapid

or equipment. Comn

air conditioning conglensers and transmission oil coolers. Other common cooling module assembly
surge tanks, air shields, fan shrouds, mounting structure, hoses, andiglamps. The modules are typically
or rear of vehicles and in a number of equipment orientations.
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(a) Front View

Figure 2 - Engine cooling module
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4.2  Turbocharger

A turbocharger (Figure 3) provides forced air induction to the engine to improve engine efficiency as well as power density.

Figure 5 - Oil cooler

4.3 Charge Air Cooler

A charge air cooler (Figure 4) is an intercooler between the turbocharger and the engine intake manifold used to provide
cooler air to the engine combustion chamber to improve engine efficiency. Charge air cooler can be an air-air heat exchanger
or air-coolant heat exchanger.
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4.4 Coolant Pump

A coolant pump provides the pressure head necessary to circulate coolant through the coolant loop components. Depending
on the complexity of the vehicle cooling system, multiple circulation loops may exist which would require several coolant

pumps to operate.

4.5 Oil Coolers

Oil coolers (Figure 5) may be used for automatic transmission fluid, hydraulic system oil, retarder system fluid, and engine
oil. Oil coolers can be an oil-air heat exchanger or oil-coolant heat exchanger.

5. FACILITY REQUIREMENTS

5.1 Laboratory fad

5.1.1 Power Abso

A chassis or drivetra

5.1.2 Cooling Air
Constant air velocity
manufacturer or the
5.1.3 Instrumenta
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or both. Mul
cycle for en

tailored to m

6. TEST PREPAR/

ilities should include the following:
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engine manufacturer.
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is not feasible, the test vehicle should be'evaluated in an outside test course
ar to that used in the laboratory is still required.

Requirement

pf large construction machinery-too large for testing on a chassis or drivetrain d
an be created using a drag sled test, running an appropriate high-severity duty ¢
iple cycles may be specified for cooling tests, as different cycles may be the mo
jine, transmission, and hydraulic systems. Operating conditions should be care
eet vehicle requirements that maintain vehicle reliability and are cost effective.

ATION AND SETUP
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and air temperature to the face of the cooling module within*the range recommé¢nded by the vehicle
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as described in 5.2.
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re high-severity duty
fully considered and

d performing cooling
air density.

6.1 Engine and Ve¢hicle

6.1.1 It is preferable to perform tests at amblent air temperatures between 27 °C and 46 °C. Av0|

6.1.2 Forfield tests of off-highway vehicles, it is preferable to test at wind speeds below 10 km/h unless wind is 90 degrees
to the test course.

6.1.3  Prior to start of the test, the machine shall be inspected to assure that:

6.1.3.1 ltis serviced as specified by manufacturer.

6.1.3.2 It delivers specified power. This can be checked by monitoring fuel consumption, turbocharger outlet temperature

and pressure, or application of ISO 7464:1983 or other suitable means.
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6.1.3.3

6.1.3.4

6.1.10

6.1.11

6.1.12

6.1.13

6.2

6.2.1

All items directly related to the cooling system performance, such as: fan speed, fan belt adjustment, fan to core

spacing, air recirculation baffling or air recirculation shields, coolant and other fluid levels, radiator pressure cap,
etc. are properly adjusted and the heat exchangers are clean inside and out, and the fins are straight and in good

condition.

drop are representative of full vehicle or target values.

For subsystem lab test conditions, i.e., engine dyno tests, engine restrictions such as intake and exhaust pressure

The engine coolant thermostats should be blocked to the manufacturer's specified opening for the maximum design
operating ambient air temperature condition.

The fan drive, if unit is so equipped, should be fully engaged using the manufacturer's recommended procedure.

All shutters
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ooling system.
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n and Data‘lkog

st Parameters (Table 1)

Cabin windows and
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This can readily be
revent the governor
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Table 1 - Required test parameters
Symbol Description Unit Note
ot Time Interval S
ERPM Engine Speed rpm Revolutions Per Minute.
FRPM Fan Speed rpm Revolutions Per Minute.
Mol Fuel Flow Rate kg/s

Tryel Fuel Temperature °C Follow the engine manufacturer's recommended
procedure if one exists. The temperature of the fuel
delivered to the engine should normally be maintained at
or near 38 °C.

Tymb AmbfentTemperature C Shade thermometers and thermocouples from sun or
other sources of non-pertinent radiatéd heat.

RH mp Amblent Relative Humidity %

H Altityde m
Pyoro Barometric Pressure kPa Absolute pressure.

Vair Ram| Air Speed m/s | For on-highway vehicles; velocity of fam air measured
1.0 min front of the grille and on the ppproximate
centerline of the.grille opening (may ¢r may not coincide
with the centerline of the fan and/or the engine).

Tair Ram| Air Temperature °C For on-highway vehicles, temperatur¢ of ram air measured
1.0 m in/front of the grille and on the ppproximate
centerline of the grille opening (may ¢r may not coincide
with:the centerline of the fan and/or the engine).

TeintEo Engipe Outlet Coolant Temperature °C Coolant temperature at engine outlet|to the radiator. This
temperature should be measured as close to the engine
coolant outlet as reasonably possibld,.

Teint g1 Engipe Inlet Coolant Temperature °C Coolant temperature at engine inlet ffom the radiator. This
temperature should be measured as close to the engine
coolant inlet as reasonably possible.

cht Volumetric Coolant Flow Rate I'min | Coolant flow rate at engine outlet to rpdiator.

ToiE Engipe Oil Temperature °C Oil temperature of engine for monitorjng stabilization and
abort purposes.

Poi g Engipe Oil Pressure kPa Oil pressure of engine for monitoring|stabilization and
abort purposes.

Tair ar Compustion Air Temperature (1) °C Combustion air temperature at entrance to air induction
system.

Tair ACBE Combpustion Air Temperature (2) °C Combustion air temperature in air clganer before element.

Tair 11 Compustion*Air Temperature (3) °C Combustion air temperature at turbo jnlet for turbocharged
engines.

Tair. M1 Compustion Air Temperature (4) °C Combustion air temperature at intakg manifold inlet or in
the manifold.

Tair R Radiator Inlet Air Temperature °C At least four locations determined by splitting the core into
equal areas.

TairrO Radiator Outlet Air Temperature °C At least four locations determined by splitting the core into
equal areas.

Taircaci CAC Cooling Air Inlet Temperature °C At least four locations determined by splitting the core into
equal areas.

Tair.caco CAC Cooling Air Outlet °C At least four locations determined by splitting the core into
Temperature equal areas.
Teinecaci Liquid CAC Coolant Inlet °C Measure if equipped with LCAC.
Temperature
Teintcaco Liquid CAC Coolant Outlet °C Measure if equipped with LCAC.
Temperature
6.2.1.1  Optional test information for the analysis of the cooling system may be obtained by measuring the following:
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6.2.1.2 Dimensional Relationship of Fan to Core, Shroud, and Engine

6.2.1.3 Fan to shroud tip clearance at top, at bottom, and at both sides. This is to determine the centering of the fan in
the shroud.

6.2.1.4 Axial distance fan projects out of shroud at top, at bottom, and at both sides. This is required for fan penetration
into the shroud.

6.2.1.5 Distance between fan and radiator core at top, at bottom, and at both sides. This is to determine the proximity of
the fan to the core.

6.2.1.6 Distance between fan and closest point on engine or engine-affixed hardware. This will help the decision-making
process when it becomes desirable to change the fan penetration into the shroud.

6.2.2 Optional Dafa to Record (Table 2)
Table 2 - Optional data to record
Symbol Description Unit Note
S Ground Speed km/h
G Trangmission Gear
PWRg4yno | Dyngmometer Power kW

Tiube.ax Axle|Lubricant Temperature °C

ToilTR Trangmission Oil Temperature °C

PoiTr Trangmission Oil Pressure kPa

ToiLus Hydrgulic System Oil °C

Temperature

Poiius Hydrpulic System Oil Pressure kRa

Poinepr Coolant Pump Inlet Pressure kPa

P int.po Coolant Pump Outlet Pressure kPa

TairEc Engipe Compartment °C

Temperature
Texnro Exhdust Gas Temperature.at-the °C If equipped.
Turbp Outlet

Puir ace Air Gleaner Exit Pressure Pa Measured at the location provided for the air cleaner
restriction gage.

Pairro Turbp Outlet Pressure Pa If equipped.

Pairim Intake ManifoldPressure Pa Turbocharged Engines Only. A port location in the
intake manifold should be specifieq by the engine
manufacturer if accurate data is crifical.

Pairco CombressorOutlotProssure Pa

7. PROCEDURE
7.1 For Lab Conditions

7.1.1  For mobile equipment, such as heavy-duty vehicles, adjust the ram air velocity with engine off to maintain the test
speed specified by the engine manufacturer, for example, 24 km/h.
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