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Oil Cooler Application Testing and Nomenclature

RATIONALE

Document has been updated to eliminate duplicate equations. Changes have been made to clarify various sections and to
eliminate errors.

1. SCOPE

This SAE Recommended Practice is applicable to oil-to-air and oil-to-coolant oil coolers installed on mobile or stationary
equipment and provides a glossary of oil cooler nomenclature. Such oil coolers may be used for the purpose of cooling
automatic transmission fluid, hydraulic system oil, retarder system fluid, engine oil, etc. This document outlines the methods
of procuring the test data to determine the operating characteristics of the oil cooling system and the interpretation of the
results.

1.1 Purpose

The purpose of this document is to provide a procedure for determining the cooling performance characteristics of oil-to-air
and oil-to-coolant oil coolers under specified operating conditions.

2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J631 Radiator Nomenclature

SAE J814 Coolants for Internal Combustion Engines

SAE Executive Standards Committee Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.
Copyright © 2021 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE. ™
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SAE J1004 Glossary of Engine Cooling System Terms

SAE J1994 Laboratory Testing of Vehicle and Industrial Heat Exchangers for Heat Transfer and Pressure Drop
Performance

3. OBJECTIVE OF OIL-TO-AIR PERFORMANCE TEST

Typically one of the following: to verify compliance with established criteria, set new criteria, or guide a desired change of

either the cooler or the system of which it is a part. Usually the criteria cover the mass flows of cooling air and oil, the

temperature difference between them, the maximum allowable temperatures, and the system oil and air restrictions imposed

by the heat exchanger.

4. FACILITY REQUIREMENTS FOR OIL-TO-AIR PERFORMANCE TEST

The facility should provide the following features:

4.1 The facility must be capable of duplicating the most severe-duty cycles and operating conditions specified. It is seldom
practical to duplicate the most severe operating conditions unless the use of a dynamometer and wind tunnel are

available.

4.2 If cooling air is not controlled, the effects of wind direction and velocity must be considered when establishing vehicle
orientation and interpretation of test results.

4.3 The accurate measurement of oil flow and oil pressures plus oil and air temperatures is essential to obtaining a good
test result. Measurement devices should be calibrated before and after testing to assure accurate data measurement
and repeatability.

4.4  See Figure 1 for schematic of typical oil-to-air cooler system.

5. TEST PREPARATION FOR OIL-TO-AIR PERFORMANCE TEST

5.1 For component testing, any air or oil system bypass should be blocked closed to ensure full measured flow of the
fluids through the heat exchanger. For system testing, the bypass should be left in the normal operating condition.

5.2 For component testing, the fan drive, if the unit is so equipped, should be fully engaged using the manufacturer's
recommended procedure. For system testing, the drive should be left in the normal operating condition.

5.3 For component oil cooler testing in a system application, all shutters or other directional air control devices should be
fixed in the fully open position. For system testing, the devices should be left in the normal operating conditions.

5.4  All other heat-producing equipment that may adversely affect the air temperature to the oil cooler and fan should not
be operated during the test unless otherwise specified. Test unit should supply air at ambient temperature.
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Figure 1 - Schematic of typical oil-to-air cooler system and test data required
Instrumentation and data to be recorded includes the following:

Oil temperatures at designer-specified critical locations, for example, inlet to the cooler, outlet of cooler,
reservoir, etc.

Oil temperature at oil cooler inlet (if not already specified in 5.5.1).

Oil temperature at oil cooler outlet (if not already specified in 5.5.1).

Average air temperature at oil cooler air inlet (multipoint grid normally required).
Average air temperature at oil cooler air outlet (multipoint grid normally required).
Oil flow (net through the cooler).

. Pressure drop across flow meter should be kept to a minimum. If extensive plumbing is required to incorporate flow
meter, lines to and from meter should be insulated.

Barometric pressure at test site.
Test fluid shall be as specified.
Operating pressure at oil cooler inlet.
Operating pressure at oil cooler outlet.
. Pressure measurement devices should be installed to eliminate any possible source of error due to turbulence at
the point of measurement. Direct mass flow measurements are preferred, but equipment to measure mass flow is

expensive. Volumetric flow is often measured instead and then converted to mass flow using the fluid density. For
structural information, these devices should be capable of measuring millisecond pressure spikes.
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5.5.11 Engine or motor operating speeds.

5.5.12 Ambient air temperature.

5.5.13 Actual fan speed and/or vehicle velocity.

5.5.14 Air flow velocity.

5.5.15 Verify that the oil cooler is mounted in its designated location with proper inlet and outlet connections.
6. PROCEDURE FOR OIL-TO-AIR PERFORMANCE TEST

6.1  Operate test unit in its specified and verified work cycle until practical stabilized thermal conditions have been
achieved.

6.2 Collect data for a total of ten complete work cycles or for a time span of no less than 600 seconds.
7. TEST DATA EVALUATION FOR OIL-TO-AIR PERFORMANCE TEST

7.1 Calculate oil cooler heat rejection from the test data.

7.1.1  Qil flow rate.

7.1.2  QOil cooler inlet temperature.

7.1.3  Oil cooler outlet temperature.

7.1.4 Obtain manufacturer's specific heat and density of oil to establish oil thermal characteristics at average oil
temperature.

7.1.4.1  Qil cooler heat rejection is also known as oil cooler power or oil cooler capacity. See 12.1.5 for calculation formula.
7.2 Determine oil stabilization temperature above ambient at the critical location.

7.2.1  Oil stabilization temperature above ambient = oil temperature measured at critical location minus ambient air
temperature.

7.3 Compare oil stabilization temperature above ambient with the specification.
7.4 Analyze the test data. Unsatisfactory results could be due to one or more of the following.

7.4.1  Other than expected oil cooler heat load. (Is the oil system rejecting more or less heat than the cooler was designed
for?)

7.4.2 Qil cooler heat rejection performance is not to the manufacturer's specifications.

7.4.3 Other than expected oil flow or airflow through the cooler:

7.4.3.1 Does the measured oil flow match the design value?

7.4.3.2 Does the measured air temperature difference across the oil cooler core indicate other than expected air flow?
7.4.3.3 Is the oil cooler core too restrictive for airflow?

7.4.3.4 s air flowing around the cooler rather than through it?
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7.4.3.5 Air Flow
Estimate oil cooler mass airflow by performing the following calculation:

Mass Airflow (kg/s) = Qil Cooler Heat Rejection (kW) (Eq. 1)
1.005 x Oil Cooler Air AT (K°)

NOTE: 1.005 kJ/kg °C is a typical specific heat value and is for dry air at room temperature. If more precise information is
available for the application in question, it can be used. Oil cooler power is another expression for oil cooler heat
rejection.

7.4.4 Poor airflow distribution across the oil cooler core. (Are upstream or downstream obstructions causing poor airflow
through portions of the oil cooler core?) Detect by performing anemometer survey or similar technique.

7.4.5 Preheating of air into the oil cooler. (Is ambient air being inordinately heated before entering the oil cooler core? Is
hot air discharge recirculating into the oil cooler air inlet?)

7.4.6 Other than expected oil pressure differential between oil cooler inlet and outlet. (Is oil cooler pressure drop
compatible with the system design? Is excessive pressure causing pumps to create more heat, oil flow to dump
over relief valve, etc.?)

7.4.7 Temperature gradient or difference between critical oil temperature and temperature of oil into the cooler. (Are
improvements required in system design? Is more oil flow required in a part of the system? Is one part of the system
overheating because the hottest oil is not being circulated directly to the oil cooler?)

7.4.8 Ambient temperature too low or too high. If the test was run substantially below or above the specified ambient
temperature, the oil stabilization temperature above ambient may be significantly different than if the test were run
at the specified ambient temperature.

7.4.9 When feasible, virtual testing using CFD (computational fluid dynamics) analysis should be performed to get insight
into the details of the flow and thermal environment in the oil cooler system. Such analysis can help in identifying
the important parameters to look for in a particular test setup and also in evaluating the test data.

8. OBJECTIVE OF OIL-TO-COOLANT PERFORMANCE TEST

Typically, one of the following: to verify compliance with established criteria, set new criteria, or guide a desired change of
either the cooler or the system of which it is a part. Usually, the criteria cover the mass flows of coolant and oil, the
temperature difference between them, the maximum allowable temperatures, and the system oil and coolant restrictions
imposed by the heat exchanger.

9. FACILITY REQUIREMENTS FOR OIL-TO-COOLANT PERFORMANCE TEST
The test facility should provide the following features:

9.1  The facility must be capable of duplicating the most severe duty cycles and operating conditions specified. The best
simulation of actual operating conditions is usually obtained by operating the application equipment (such as a
portable engine-driven compressor or generator set) in a test cell or, in the case of a vehicle, running the vehicle in a
dynamometer facility with ambient controlled wind tunnel. However, testing of an oil cooler mounted in a radiator
outlet tank under these conditions can only provide limited results because of the difficulty, if not the impossibility, of
determining the temperature of the inlet coolant to the oil cooler. In spite of this, such testing can be used to determine
the heat load transferred by the oil cooler and the value of the stabilized maximum oil temperature under operating
conditions.

Fortunately, oil-to-coolant oil coolers do lend themselves well to testing in a test apparatus which reproduces actual
operating inlet fluid temperatures. Using such an apparatus, the inlet coolant temperature may be determined, along with
other temperature values. Provided that the in-tank oil cooler is mounted in the radiator, or in an outlet tank with the baffling
which will be used in service, the test can be considered a true application test of the in-tank oil cooler, as opposed to a
laboratory test in which the oil cooler might be mounted in some standardized tank or fixture. Documents
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9.2 The accurate measurement of oil flow and oil pressures plus oil and coolant temperatures is essential to obtaining a
good test result. Due to the differences in heat capacity and flow rate between the oil and coolant, the oil side
temperature difference is generally considerably higher than the coolant. If a very low coolant side temperature
differential exists at specified test conditions, it will be difficult to measure the coolant side temperatures with enough
accuracy to calculate a heat rate on this side to cross check against the oil side heat rate. Measurement devices
should be calibrated before and after testing to assure accurate data measurement and repeatability.

9.3 See Figure 2 for an example of the installation of an oil-to-coolant oil cooler in the bottom tank of a downflow radiator.
Such oil coolers may be of the concentric tube type or multiple plate type in automobile and light truck radiators, but
may also be of the multiple plate type or the tube bundle type in heavier duty radiators, which may be of bolt-up
construction (see Figure 3). Modern radiator construction, which typically utilizes a plastic tank mechanically crimped
to an aluminum header, limits the number of plates which may be packaged in the tank. These applications may
utilize the tank cooler (whether side or bottom tank) in series with an auxiliary (air to oil) cooler to achieve the required
capacity. If a bottom tank oil cooler is used in a heavy-duty application, the radiator bottom tank is usually baffled to
direct the coolant flow to the oil cooler in the most advantageous manner. Very heavy-duty applications such as
mining trucks, usually use remote mounted oil coolers.

9.4 See Figure 4 for an example of the installation of an oil-to-coolant oil cooler in the outlet tank of a crossflow radiator.
Assembly is in same manner as 9.3.

9.5 See Figure 5 for a schematic of a typical oil-to-coolant oil cooler system where the oil cooler is incorporated into the
radiator bottom or outlet tank. The test data required are noted on this schematic.

9.6 See Figure 6 for a schematic of a test apparatus for testing of radiator tank-mounted oil-to-coolant oil coolers.
9.7 See Figure 9 for example of remote mounted oil-to- coolant oil coolers. Such oil coolers may be of a typical shell-and-
tube type construction, a specialty construction designed for surface mounting to a fluid manifold such as on a

transmission (see Figure 8), or in conjunction with an oil filter (see Figure 9).

9.8 See Figure 10 for a schematic of a typical remote mounted oil cooler system. The test data required are noted on this
schematic. Refer to SAE J1994 for information regarding testing of such oil coolers using laboratory apparatus.

Qi coaler

Figure 2 - Example of oil-to-coolant installation
(downflow type radiator)
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Figure 3 - Oil coolers for mounting in radiator outlet or bottom tanks

Qil cooler

Figure 4 - Example of oil-to-coolant cooler installation
(crossflow type radiator)
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Figure 5 - Schematic of typical oil-to-coolant cooler system with oil cooler
installed in bottom or outlet tank of radiator

Full document details: SAE J1468_202112

@H

MEASURE OIL TEMPERATURE

TRANSMISSION
FLUID LINES

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/sae-j1468-202112
http://www.avadocuments.com/doc/sae-j1468-202112

