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Application Testing of Oil-to-Water Oil Coolers for Heat Transfer Performance

1. ScopL

This SAE R¢gcommended Practice is applicable to oil-to-water oil coolers installed on~mobile pr stationary
equipment. | Such oil coolers may be used for the purpose of cooling automatic transnpission fluid,
hydraulic system oil, retarder system fluid, etc. This document outlines the methods of procyring the test
data to detgrmine the operating characteristics of the oil cooling system and the interprefation of the
results. For|information regarding application testing of oil-to-air oil coolers for heat transfer gerformance,
see SAE J1468.

1.1  Purpgse

The purposg of this document is to provide a procedure for determining the heat transfer performance
characteristics of an oil-to-water oil cooler under specified@pplication operating conditions.

1.2 Rationale

To provide ypdated language for clarity and to include the latest technology and manufacturinlg methods.
2. References

2.1 Applicable Publications

The followin publications form‘apart of the specification to the extent specified herein. Unlegs otherwise
indicated, th latest revision 0f"SAE publications shall apply.
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SAE J1004—Glossary of Engine Cooling System Terms
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3.

Objective (of the 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 water and oil, the temperature difference between them, the maximum allowable
temperatures, and the system oil and water restrictions imposed by the heat exchanger.

4.

Facility Requirements

The test fac

ity should provide the following features:

icility must be capable of duplicating the most severe duty cycles and-eperatin
ed. The best simulation of actual operating conditions is usually obtained by @
htion equipment (such as a portable engine-driven compressor or, generator set)
the case of a vehicle, running the vehicle in a dynamometer fagcility with ambie
unnel. However, testing of an oil cooler mounted in a radiator outlet tank

ons can only provide limited results because of the difficulty, if not the imp
nining the temperature of the inlet cooling water to the ail-.cooler. In spite of this,
b used to determine the heat load transferred by the-0il cooler and the value of t

maxinpum oil temperature under operating conditions.

oil-to-water oil coolers do lend themselves, well to testing in a test appa
pctual operating inlet fluid temperatures. «Using such an apparatus, the inlet c
may be determined, along with other temperature values. Provided that the in-tg
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See Figure 1 for an example of the installation of an oil-to-water 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 2). 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 auxilliary 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 cooling water flow to the oil cooler in the most advantageous manner.
Very heavy-duty applications such as mining trucks, usually use remote mounted oil coolers (4.8).
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4.5

4.6

4.7

4.8

4.9

See Figure 3 for an example of the installation of an oil-to-water oil cooler in the outlet tank of a
crossflow radiator. Such oil coolers are usually of the concentric tube 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 2). If an in-tank oil cooler is used in
heavy-duty applications, the radiator tank is usually baffled to direct the cooling water flow to the oil
cooler in the most advantageous manner.

See Figure 4 for a schematic of a typical oil-to-water oil cooler system where the oil cooler is
12 e i i S es i e—npted on this

inCOr atea O aotator—oottoMmM—O6+—0u e e Gata Savie &—8

See Fjgure 5 for a schematic of a test apparatus for testing of radiator tank-mounted oil-to-water oil
coolers.

See Fjgure 6C for examples of remote mounted oil-to-water oil coolers:, Such oil coolefs may be of
a typig¢al shell-and-tube type construction (see Figure 6A), or of a speciality constructipn designed
for syrface mounting to a fluid manifold such as on a transmission (see Figurg 6B), or in
conjunction with an oil filter (see Figure 6C).

See Fjgure 7 for a schematic of a typical remote mounted il cooler system. The test data required
are ngted on this schematic. See SAE J1994 for information regarding testing of such oil coolers
using Jaboratory apparatus.

Qil cooler

FIGURE 1—EXAMPLE OF OIL COOLER INSTALLATION
(DOWNFLOW TYPE RADIATOR)
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FIGURE 2—OIL COOLERS FOR MOUNTING IN RADIATOR OUTLET OR BOTTOM TIANKS

Qil cooler
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FIGURE 3—EXAMPLE OF OIL COOLER INSTALTCATION
(CROSSFLOW TYPE RADIATOR)
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FIGURE 4—SCHEMATIC OF TYPICAL OIL COOLER SYSTEM WITH OIL COOLER
INSTALLER:IN BOTTOM OR OUTLET TANK OF RADIATOR
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FIGURE 5—SCHEMATIC OF TEST APPARATUS FOR APPLICATION TESTING OF OIL COOLERS
INSTALLED IN RADIATOR BOTTOM OR OUTLET TANKS. THIS APPARATUS MAY ALSO BE

USED TO TEST AN OIL COOLER MOUNTED IN THE APPLICATION RADIATOR BOTTOM
TANK, WITH SUITABLE INLET WATER MANIFOLD OR FIXTURE, WITHOUT THE

BALANCE OF THE RADIATOR ASSEMBLY.
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]. Leakage Gap 2 Stack Location Indicator 3 Water Box 4
Mise a I'atmosphére Indicateur de position du Boite a eau
Leckagespalt faisceau Wasserkammer
Rohrbindelfixierungsmarke
5. Baffles 6. Fins 7. cylinder 8.
Chicanes Ailettes Cylindre
Umlenkbleche Lamellen Zylinder

D Water Eau Wasser . Qil Huie o]

‘O’ Ring Joints
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Water Box
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FIGURE 6A—OIL COOLER TEST APPARATUS — TANK MOUNTED
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B) Specialty Design for Direct
Mounting to a Hydraulic
Manifold or Automatic
Transmission Housing

FIGURE 6B—TUBE-IN-SHELL DIRECT MOUNT OIL COOLER
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4. COOL, FILTERED OIL RETURNS
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1. HOT OIL FLOWS'INTO COOLER
FROM ENGINE BLOCK.

FIGURE 6C—EXAMPLES OF TYPICAL REMOTE-MOUNTED OIL COOLERS
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GUREZ~—SCHEMATIC OF TYPICAL REMOTE-MOUNTED OIL COOLER SYSTEM
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5.1

5.2

5.3

5.4

5.41

5.4.2

5.4.3

5.4.4

54.5

5.4.6

Test Preparation

For component oil cooler testing in a system application, any oil or cooling water bypass should be
blocked closed to insure full measured flow of the fluids through the heat exchanger. For system
testing, any bypass should be left in the normal operating condition.

For component oil cooler testing in a system application, the fan drive, if the system is so equipped,
should be fully engaged using the manufacturer's recommended procedure. For system testing,

the dr
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Instrumentation and data to be recorded includes the following:

Oil t
etc.

Oil t

Oil t

Wat
cool
testi
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app
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expécted coolant temperature delivered to the oil cooler in order to evaluate the oil ¢

to n

Wat

Oil f
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mponent oil cooler testing in a system application, all shutters or other diréction
s should be fixed in the full open position. For system testing, the devices sho
rmal operating conditions.

emperatures at designer-specified critical locations, for example, inlet to the cool

emperature at oil cooler inlet (if not already specifiedin 5.4.1).
emperature at oil cooler outlet (if not already specified in 5.4.1).

br temperature at oil cooler water inlet.wAFor component oil cooler testing of a
er in a system application, this temperature will be difficult, if not impossible to m
ng in a test apparatus of an oil coolermounted in a complete radiator in the outle
htor, the temperature of the waterat the inlet to the radiator may be used as the
e water at the inlet to the oil.cooler provided that the lines between the point at w
ng water temperature and“the point at which the outlet cooling water ten

bratus of an in-tank %il*cooler mounted in the application tank, but without th
htor assembly, the ‘inlet water temperature may be measured directly. It is impo
when the radiator-Core is insulated, the typical drop in temperature through the

hot occur. Af“will be necessary to obtain the actual performance of the radiaf

eet thesspécifications at the most severe-duty cycle.

crtemperature at the oil cooler water outlet.

sured are well insulated,,and the radiator core itself is well insulated. For tesi

Al air control
Lld be left in

Br, reservoir,

n in-tank oil
easure. For
t tank of that
temperature
nich the inlet
nperature is
ng in a test
rest of the
rtant to note
adiator core
or core and
bolers ability

low through the oil cooler.

NOTE—The pressure drop across any flow meter must be minimized. If extensive plumbing is required
to incorporate a flow meter, the lines to and from the flow meter must be insulated.

547

5.4.8

5.4.9

Operating pressure at the oil cooler oil inlet.

Operating pressure at the oil cooler oil outlet.

Operating pressure at the oil cooler water inlet.

-10 -
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