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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 p

ovide the following features:

4.1  The facility must be capable of duplicating the most severe-duty cycles and operating cdnditions $pecified. 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 ig not controlled, the effects of wind direction and velocity must be‘considered wher establishing vehicle
orientation andl interpretation of test results.

4.3 The accurate measurement of oil flow and oil pressures plus oil andsairtemperatures is essentigl to obtaining a good
test result. Mepsurement 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 PREPAR]

ATION 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 fhe heat exchanger. For systenytesting, 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 systemitesting, the drive should be left in the normal operating cgndition.

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 positien:‘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 coolg¢r and fan should not

be operated d

Lring ¢he-test unless otherwise specified. Test unit should supply air at ambient te

mperature.
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5.5

5.5.1
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£
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& PRESSURE————— ™ BYPASS VALVE
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AMBIENT

Instrumentati

O (BLOCKED CLOSED/OPERATIONAL)

(MEAS)]

CiL SUM

P
URE TEMP.)

phIR PRESSURE
P ————r— SOURCE OF SYSTEM H

RESSURE

igure 1 - Schematic of typical oil-to-air cooler system and test data required

n and data to be recorded includes the following:

Oil temperdtures at designer-specified critical locations;” for example, inlet to the coolér, outlet of cooler,

reservoir, etg.

Oil tempera

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

Average air
Average air

Oil flow (net

NOTE: Pressure drq

5.5.7

5.5.8

5.5.9

5.5.10

NOTE

meter, lines

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

femperature at oil cooler airinlet (multipoint grid normally required).
femperature at oil cooler air outlet (multipoint grid normally required).
through the cogler).

p across'flow meter should be kept to a minimum. If extensive plumbing is require
to and from meter should be insulated.

Barometric

reSsure at test site.

d to incorporate flow

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

5.56.12

5.5.13

5.5.14

5.5.15

Engine or motor operating speeds.
Ambient air temperature.
Actual fan speed and/or vehicle velocity.

Air flow velocity.

6. PROCEDURE FOR OIL-TO-AIR PERFORMANCE TEST

6.1

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

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

achieved.

6.2 Collect data fd

7. TEST DATA EV

7.1 Calculate oil ¢
7.1.1  Qil flow rate
7.1.2  Qil cooler in
7.1.3  Qil cooler ol
7.1.4 Obtain man

temperature
7.1.4.1 Oil cooler

7.2 Determine oll

7.2.1 Qil stabiliza
temperature
7.3 Compare oil s

7.4  Analyze the te

7.4.1 Otherthane

for?)

r a total of ten complete work cycles or for a time span of no less than 60Q-secon
ALUATION FOR OIL-TO-AIR PERFORMANCE TEST

boler heat rejection from the test data.

et temperature.
tlet temperature.

ufacturer's specific heat and density of oil to establish oil thermal character

heat rejection is also known as oil cooler power or oil cooler capacity. See 12.1.5 fo
stabilization temperature above,;ambient at the critical location.

ion temperature above ambient = oil temperature measured at critical locatio

abilization temperature above ambient with the specification.
st data. Unsatisfactory results could be due to one or more of the following.

xpected oil cooler heat load. (Is the oil system rejecting more or less heat than the

is.

stics at average oil

I calculation formula.

N minus ambient air

cooler was designed

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

7.4.3

7.4.31
7.4.3.2
7.4.3.3

Is the oil ¢

7434

Other than expected oil flow or airflow through the cooler:

Does the measured oil flow match the design value?

ooler core too restrictive for airflow?

Is air flowing around the cooler rather than through it?

Does the measured air temperature difference across the oil cooler core indicate other than expected air flow?
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7.4.3.5 Air Flow

Estimate oil cooler mass airflow by performing the following calculation:

M

Qil Cooler Heat Rejection (kW)
1.005 x Oil Cooler Air AT (K°)

ass Airflow (kg/s) =

(Eq. 1)

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.

744

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 g

hot air disch
7.4.6 Other than
compatible

over relief valve, etc.?)

f air into the oil cooler. (Is ambient air being inordinately heated before entering't
arge recirculating into the oil cooler air inlet?)

expected oil pressure differential between oil cooler inlet and outlet/(Is oil G
vith the system design? Is excessive pressure causing pumps to-cfeate more h

7.4.7 Temperatur

gradient or difference between critical oil temperature and*temperature of oil

ne oil cooler core? Is

ooler pressure drop
pat, oil flow to dump

nto the cooler. (Are

improvements required in system design? Is more oil flow required in‘@ part of the system? Is one part of the system

overheating [because the hottest oil is not being circulated directlysto,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 thap if the test were run
at the specified ambient temperature.
7.4.9 When feasi
into the deta
the importarn

le, virtual testing using CFD (computational fluid dynamics) analysis should be pefformed to get insight
ils of the flow and thermal environment in the oil cooler system. Such analysis cgn help in identifying
t parameters to look for in a particular test setup and also in evaluating the test data.

8. OBJECTIVE OF|OIL-TO-COOLANT PERFORMANCE TEST
following: to verify cempliance with established criteria, set new criteria, or guide|a desired change of
the system of which)it is a part. Usually, the criteria cover the mass flows of|coolant and oil, the
ce between them, the maximum allowable temperatures, and the system oil andl coolant restrictions
exchanger.

Typically, one of the
either the cooler or
temperature differen
imposed by the heat

9. FACILITY REQUIREMENTS FOR OIL-TO-COOLANT PERFORMANCE TEST

The test facility shoyld-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.
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9.2

9.3

9.4

9.5

9.6

9.7

9.8

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.

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 fottormTtankoit cooter s usedima heavy-auty appiication, the Tadiator bottorm tark is usually baffled to
direct the coolant flow to the oil cooler in the most advantageous manner. Very heavy-dutyfpplications such as
mining trucks,|usually use remote mounted oil coolers.

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 i same manner as 9.3.

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

See Figure 6 for a schematic of a test apparatus for testing of radiatér tank-mounted oil-to-coolgnt oil coolers.
See Figure 9 fpr example of remote mounted oil-to- coolant oil.codlers. Such oil coolers may be ¢f a typical shell-and-
tube type construction, a specialty construction designed for“surface mounting to a fluid mgnifold such as on a

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

See Figure 10[for a schematic of a typical remote mounted oil cooler system. The test data required are noted on this
schematic. Reffer to SAE J1994 for information regakding testing of such oil coolers using labordtory apparatus.

%o R

UJ

R +-« -y
Qi coaler

Figure 2 - Example of oil-to-coolant installation
(downflow type radiator)
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OlL ouTt

b) CONCENTRIC
TUBE TYPE

a)

OolL OUT—

PLATE TYPE

Ot N

OlL OUT/

¢) TURBULATED TU
BUNDLE TYPE

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)

i
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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
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Figure 6 - Schematic of test apparatus for application testing of oil-to-coolant 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 coolant manifold or fixture, without the

balance of the radiator assembly.
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D coolant $» Oil

Figure 7 - Oil cooler test apparatus - tank mounted

C nt

oola
= [ géé [ =

Figure 8 - Tube-in-shell direct mount oil cooler



https://saenorm.com/api/?name=ec2fd3c66d422ba88f42aff593063b09

SAE INTERNATIONAL J1468™ DEC2021 Page 11 of 24

4. COOL, FILTERED OIL RETURNS
THROUGH COOLER CENTER.

)

3 COOL-OULFLOWS

INTO FILTER.

2. OIL COOLS AS IT FLOlVS
THROUGH INVOLUTE PLATES.

RO

)

RO

a4

L. HOT OIL FLOWS INTO COOLER

Figtire'9 - Examples of typical remote-mounted oil coolers
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Figure 10--Schematic of typical remote-mounted oil cooler system
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10. TEST PREPARATION FOR OIL-TO-COOLANT PERFORMANCE TEST

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

10.2

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 fan system should be left in the
normal operating condition.

10.3

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.

10.4 Instrumentati

10.4.1

10.4.2

10.4.3

10.4.4

10.4.5

10.4.6

10.4.7

NOTE:

10.4.8

10.4.9

Oil tempera

Oil temperafure at oil cooler inlet (if not already specified in 10.4.1).

Oil temperafure at oil cooler outlet (if not already specified in 10.4.1).

Coolant tem
application,
cooler mourn
to the radiat]
between the
measured a
oil cooler md
may be me
temperature
radiator core
to meet the

Coolant tem
Coolant flow
Oil flow thro

The pressur
meter, the li

Operating p

z]n and data 1o be recorded Includes the Tollowing:

ures at designer-specified critical locations, for example, inlet to the cooler; resen

his temperature will be difficult, if not impossible to measure. For testing in a tes
ted in a complete radiator in the outlet tank of that radiator, the temperature of th
br may be used as the temperature of the coolant.at-the inlet to the oil cooler pr
point at which the inlet coolant temperature and'the point at which the outlet cg
e well insulated, and the radiator core itself is well'insulated. For testing in a test ag
unted in the application tank, but without the\test of the radiator assembly, the inlet
bsured directly. It is important to note that when the radiator core is insulated
through the radiator core will not occur: It will be necessary to obtain the actua
and expected coolant temperature delivered to the oil cooler in order to evaluate
specifications at the most severe*duty cycle.

perature at the oil cooler ceolant outlet.
rate through the cooler:
igh the oil cooler.

b drop acroSs-any flow meter must be minimized. If extensive plumbing is required
nes to and.from the flow meter must be insulated.

essure at the oil cooler ail inlet.

oir, etc.

perature at oil cooler coolant inlet. For component oil coolertesting of an in-tank ¢il cooler in a system

t apparatus of an oil
e coolant at the inlet
pvided that the lines
olant temperature is
paratus of an in-tank
coolant temperature
, the typical drop in
performance of the
he oil cooler’s ability

to incorporate a flow

Operating pressure at the oil cooler oil outlet.

10.4.10 Operating pressure at the coolant inlet.

10.4.11 Operating pressure at the coolant outlet.

NOTE: Pressure measurement devices should be installed to avoid any possible source of error due to turbulence at the
point of measurement. Direct mass flow measurements are preferred. For structural information, these devices
should be capable of measuring millisecond pressure spikes.
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10.4.12 Engine or motor operating speeds.

10.4.13

10.4.14

10.4.15

Ambient air temperature, especially important if not testing at the most severe ambient conditions.

Type of oil or hot fluid. This oil or fluid shall be as specified for the application system.

When antifreeze mixtures are used, the type of coolant concentrate and the percent mixture by volume of the
concentrate with water shall be noted. Unless otherwise specified, the water used in the coolant shall be fresh
potable water.

10.5 Verify that the oil cooler is mounted in its designated position with proper inlet and outlet connections. Typical system
best practice is to plumb the oil cooler circuit in a counter flow direction to the coolant flow direction to get the best
performance on a single pass cooler.

11. PROCEDURE H

11.1 Operate the test unit in its specified and verified work cycle until practical stabilized-thermal c

achieved.

11.2 Collect data fag

12. TEST DATA EV

12.1 Calculate oil ¢

12.1.1

12.1.2

12.1.3

1214

12.1.5

where:

Oil flow rate

Oil cooler in

Oil cooler ol

OR OIL-TO-COOLANT PERFORMANCE TEST

ALUATION FOR OIL-TO-COOLANT PERFORMANCE TEST,

boler heat rejection from the test data as follows:

et oil temperature.

tlet oil temperature.

r a total of ten complete work cycles or for a time span of no less'than 600 secon

bnditions have been

is.

Obtain mandifacturer’s specific heat and densityof the oil (or fluid) to establish oil thermal characteristics at average

oil temperat

Calculate th

Qoic = heat rejec]

m:

ire.

b 0il cooler heat rejection oil’side, as follows:

Qo =Mt XCy 1y X Poit X (Toi, — Toi, )

fion kW

oil flow rate

Lis

(Eq. 2)

C, = specific heat kd/kg/°C

p = density kg/L

T = temperature °C

12.1.6 Calculate the oil cooler heat rejection coolant side, as follows:

Qcoolant - mconlant x cpma,m,, xp coolant X (]:,‘O()laﬂtmu‘ - T'coolant in

)

(Eq. 3)
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12.2 Determine the test inlet temperature difference at stabilized temperatures above coolant inlet at the critical location
(maximum oil-to-coolant temperature), as follows:

ITD = TOil,»,, - ]L()olant,-,, (Eq ' 4)

Test

12.3 Calculate the actual heat rejection of the oil cooler at the most severe-duty cycle to required specifications, as follows:

TOil. - TC()()lant.
et — s X 1 Max N Max (Eq . 5)
QA tual QT, t ( ITDTest

12.4 Analyze the test data. Unsatisfactory results could be due to one or more of the following:

12.4.1 Other than ¢xpected oil cooler heat load. (Is the oil system rejecting more or less heat\thgn the oil cooler was
designed fon?)

12.4.2 Oil cooler hgat rejection performance is not to the manufacturer’s specifications,
12.4.3 Other than gxpected oil flow through the oil cooler. (Does the measured oil flow match the degign value?)
12.4.4 Other than gxpected coolant flow through the oil cooler. (Does the measured coolant flow matgh the design value?)

12.4.5 Poor coolant flow distribution to the oil cooler. (In the case of/tank-mounted oil coolers, i§ the baffling design
adequate?)

12.4.6 Other than expected oil pressure differential between oil cooler oil inlet and outlet. Due to vigcosity effects the oil
pressure drop may have to be corrected when the test pressure drop is based on a mugh lower average olil
temperature|than that expected in the most severe-dity cycle. (Is oil cooler pressure drop colnpatible with system
design? Is ekcessive pressure causing pumps to créate more heat, oil flow to dump over relief valve, etc.?)

12.4.7 Other than gxpected coolant pressure differential between oil cooler coolant inlet and outlet. (Does high pressure
drop cause feduced coolant flow?)

12.4.8 Temperaturg gradient or difference between critical oil temperature and temperature of oil info the oil cooler. (Are
improvements required in systemsdesign? 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?)

12.4.9 Ambient tenpperature too.fow or too high. If the test were run at ambient temperatures substantially different from
the specified ambienttemperature, the oil stabilization temperature above ambient may be significantly different
from what it would bé.at specified ambient temperature.

13. GLOSSARY OF|OIL\COOLER NOMENCLATURE

13.1 Baffle

A partition, which directs flow of fluids across the core (see Figure 12).

13.2 Baffle Spacing

Distance between adjacent baffles.

13.3 Bonnet

Collector or manifold on end of shell and tube heat exchanger, which directs flow of tube-side fluid.
13.4 Core

That section of an oil cooler assembly that comprises the heat transfer surfaces.
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13.5 End Zone
Space between first

13.6 Face Area

or last baffle and adjacent tube sheet or header of a shell and tube oil cooler.

Area defined by the core width multiplied by the core height. (Qil to air coolers.)

13.7 Face Velocity

The average velocity of air approaching the core.

NOTE: Volume per unit time divided by face area.

13.8 Fin

Extended heat trans
See Figures 11, 14,

NOTE: Shell and tu
13.9 Fixed Bundle

A shell and tube hea
13.10 Fouling Factg
See fouling resistan
13.11 Fouling Resis
The resistance to he
13.12 Header

This term has a dual

13.13 Heat Dissipafion

The quantity of heat

fer surface.
16, and 17.
be oil coolers may have fins or other extended surfaces.

Dil Cooler

-

e.

tance

meaning. It is sometimes used synonymously with tube sheet or tank. See Figure

in kilowatts, that an oil cooler can dissipate under specified conditions.

13.14 Inlet Temperarture Differential

t exchanger with the tube bundle permanently installed in the shell (see Figure 13).

~

at transfer resulting from accumulation of foreign material on the heat transfer surffaces of an oil cooler.

s 12, 13, 16, and 17.

The difference in temperature between the fluid being cooled and the cooling medium at the point each enters the heat

exchanger.
13.15 Manifold
See tank or bonnet.

13.16 Multi-Pass Oi

See to Figures 11, 16, 17, 18, and 19.

| Cooler

An oil cooler that is so circuited that either fluid passes across or through the core more than once.
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13.17 Nested Plate Oil Cooler

A liquid-to-liquid heat exchanger. They are usually used for oil (engine, transmission or hydraulic) to coolant heat transfer.
They are typically constructed of vacuum or controlled atmosphere brazed aluminum. Typical construction is show in
Figure 20.

13.18 OQil Cooler Pressure Relief Valve

A pressure differential activated device, which allows oil to bypass the oil cooler.

NOTE: Commonly used for protection under low temperature, high viscosity conditions, or any pressure surge condition
where inlet pressure can become excessive.

13.19 Oil Cooler TTrmostat

A temperature-activagted device in the oil cooler circuit, which can either by-pass oil around or modulatg oil flow through the
cooler. Also known gs a Thermostatic Bypass Valve

NOTE: This device fegulates oil cooler heat transfer to allow rapid heating of oil at starbup or prevent excessive cooling
under light Ipad conditions.

13.20 Operating Pressure

The fluid pressure td which the oil cooler is normally exposed during operation.
13.21 Partition
A device that is instdlled in a manifold, header, bonnet, or tank t0.create multiple pass of fluids through the core.
13.22 Peak Pressure
The highest pressur¢ to which the oil cooler is intermittently subjected.
13.23 Pressure Drop
The pressure differeptial between inlet and.outlet at a specified fluid flow rate and viscosity.
a. Air side is meastrred in Pa.

b. Oil side is measured in kPa

c. Coolant side is measured in kPa.

13.24 Removable Tlube Bundle Qijl Cooler

A shell and tube heat exchanger utilizing seals between the shell and tube fluids allowing the tube bundle to be removed
from the shell.

NOTE: Normally used to provide for disassembly and/or thermal expansion (see Figure 12).
13.25 Tank

An enclosure located at the inlet and/or outlet of an oil cooler that is sealed against the tube sheet or individual tubes and
distributes the tube side fluid into the tubes or collects the tube side fluid as it exits the tubes (see Figures 16 and 17).

13.26 Tube Sheet

See Figures 12 and 13.


https://saenorm.com/api/?name=ec2fd3c66d422ba88f42aff593063b09

SAE INTERNATIONAL J1468™ DEC2021

Page 18 of 24

13.27 Turbulator

A device that increases fluid turbulence for the purpose of increasing heat transfer and provides increased durability by

providing strength. For typical turbulator configurations, see Figures 11, 15, 16, 17, and 19.

OIL SIDE
TURBULATOR
OIL OUT
END
PLATE
OIL IN

CORE PLATESS

ARSIDE ~ ]
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REINFORCING

g AIROUT

OlL SIDE
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REINFORCING
RODS

PLATE
Figure 11 - Plate fin separator oil to air cooler
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Figure 12 - Shell and tube removable bundie oil to coolant cooler
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Figure 13 - Shell and tube oil to coolant cooler (fixed bundie)
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