
                                                                                
                                                                                

                                                                                
                                                                                
                                                                                                                                                                

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAE J*14b8 93 II 7943725 0520577 358 II

Submitted for recognition as an American National Standard

&Ae The Engineering Society
~ For Advancing Mobility
.....--Land Sea Air and Space
INTERNATIONA L Q!)

400 Commonwealth Drive, Warrendale, PA 15096-0001

SURFACE
VEHICLE
RECOMMENDED
PRACTICE

REV.
SAl Jl468 MAY93

Issued 1985-11
Revised 1993-05-20

Superseding J1468 NOV85

APPUCATION TESTING OF OIL·TQ-AIR OIL COOLERS FOR
COOUNG PERFORMANCE

RI 1. Scope-This SAE Recommended Practice is applicable to oil-te-air oil coolers installed on mobile or stationary
equipment. This document outlines the method of procuring the test data to determine operating characteristics
of the oil cooling system and the interpretation of the test results.

IIlI 1.1 Purpose-The purpose of this document is to provide a procedure for determining the cooling performance
characteristics of an oil-to-air oil cooler under specified operating conditions.

Ill) 2. References-There are no referenced publications specified herein.

(RI 3. Objective fof the testJ - 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. FIICl7ity Requirements- The facility should provide the following features:

(Ill 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
vehide 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.

4.4 Use of automatic data logging equipment is preferred as it minimizes human error in dealing with the number
of points necessary to accumulate for a reliable data base and the establishment of a steady-state operating
condition.

4.5 See Figure 1 for schematic of typical oil cooler system.

SAE Technical Standa~s Board .Rule~ provide that: "This report ~s published by SAE to advance the state of technical and engineering
sCI~nces. The u~e of thIS repo~ IS entIrely voluntary, and its applicability and suitability for any partiCUlar use, including any patent
mfnngement ansmg therefrom, IS the sole responsibility of the user."

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
wntten comments and suggestions.

Copyright 1993 Society of Automotive Engineers, Inc.
All rights reserved. Printed in U.S.A.
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5. Test Preparation

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

fRI 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 All shutters or other air directional control devices should be fixed for the test in the full open position.

lRl 5.4 All other heat-producing equipment that may adversely affect the air temperature to the oil cooler and fan
should be operated during the test in a specified manner.

5.5 Instrumentation and data to be recorded includes the following:

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

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

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

5.5.4 Average air temperature at oil cooler air inlet (multipoint grid normally required).

5.5.5 Average air temperature at oil cooler air outlet (multipoint grid normally required).

lRi 5.5.6 Oil flow (net through the cooler).

NOTE - 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.

5.5.7 Barometric pressure at test site.

5.5.8 Test fluid shall be as specified.

5.5.9 Operating pressure at oil cooler inlet.

5.5.10 Operating 'pressure at oil cooler outlet.

(RI NOTE - Pressure measurement devices should be installed to eliminate any possible source of error due to
turbulence at the point of measurement. Direct massflow measurements are preferred. For structural
information, these devices should be capable of measuring millisecond pressure spikes.

5.5.11 Engine or motor operating speeds.

5.5.12 Ambient air temperature.

5.5.13 Actual fan speed and/or vehicle velocity.

5.6 Verify that the oil cooler is mounted in its designated location with proper inlet and outlet connections.

- 3 - 90-12028 EG
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6. ProcedUI'fJ

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 10 complete work cycles. or for a time span of no less than 10 min.

7. Test Datil Evaluation

7.1 Calculate oil cooler heat rejection from the test data.

7.1.1 Oil flow rate.

7.1.2 Oil 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 Power (kW) = specific heat of oil (kJ/kg' 0C) x oil density (k9/L) x oil flow (L/s) x oil cooler inlet to outlet
temperature differential (0C).

7.1.4.2 BTU/min = oil specific heat (BTU/lbjOF) x oil density Qb/gal) x oil flow (gal/min) x oil cooler inlet to outlet
temperature differential (OF).

7.2 Determine oil stabilization temperature above ambient at the critical location.

7.2.1 01 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?)

lA) 7.4.2 Oil cooler heat rejection performance is not to the manufacturer's specifications.

7.4.3 Other than expected oil flow through the cooler. (Does the measured oil flow match the design value?)

7.4.4 Other than expected airflow through the oil cooler. (Does the measured air temperature difference across
the oil cooler core indicate other than expected air flow?) Estimate oil cooler airflow by performing the
follOWing calculation:

7.4.4.1 Air flow-See Equation 1.

_kg =_o_il_c_oo_l_er....:p_o_w_e_r....:..(k_W....;):.--(~fr_o_m....:p_a_ra~g~r~apc.....h.;,..7.:...:..;...1._4.:..:..t...1)
s 1.005 x oil cooler air ~T (0C)

- 4 -

(Eq.1)
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