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MILITARY SPECIFICATION

COOLER, LUBRICATING OIL, PETROLEUM BASE,
AIRCRAFT ENGINE, TUBULAR

This specification is mandatory for use by all Departments and Agencies of
the Department of Defense.

L SCOPE

1.1 This specification covers one type of
tubular air-cooled lubricating oil cooler for use
with petroleum base oil.

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue
in effect on date of invitation for bids or request
for proposal, form a part of this specification to
the extent specified herein:

SPECIFICATIONS
FEDERAL

TT-S-735-Standard Test Fluids; Hydro-
carbon.

MILITARY

MIL-P-116-Preservation, Methods of.
MIL-T-5021-Test; Aircraft and Missile

Welding Operators’ Qualification.
MIL-L-6081-Lubricating oil, Jet En-

gine.
MIL-L-6082-Lubricating Oil; Aircraft

Reciproating Engine (Piston).
MIL-C-6864-Cleaning Compound, Sol-

vent, Oil-Cooler.
MIL-P-6906-Plates Information and

Identification.
MIL-P-7105-Pipe Threads, Taper, Aero-

nautical National Form, Symbol ANPT,
General Requirements for.

MIL-S-7742-Screw Threads, Standard,
Optimum Selected Series. General Spe-
cification for.

MIL-P-7936-Parts and Equipment, Aer-
onautical, Preparation for Delivery.

MIL-N-25027-Nut Self -Locking, 250° F’,
450° F, and 800° F, 125 KSI Ftu, 60 KSI
Ftu, and 30 KSI Ftu.

MIL-D-70327-Draw wings, Engineering
and Associated Lists. I

STANDARDS

MILITARY

MIL-STD-105-Sampling Procedures and
Tables for Inspection by Attributes.

MIL-STD-130-Identification Marking of
U.S. Military Property.

MIL-STD-143-Specifications and Stand-
ards, Order of Precedence for the Selec-
tion of.

MIL-STD-831-Test Reports, Prepara-
tion of.

MS20995-Wire, Lock.
MS29590-Cooler-Lubricating Oil, Air-

craft, Tubular, Round.
MS29591-Cooler-Lubricating Oil, Air-

craft, Tubular, Elliptical.
MS33540-Safety Wiring, General Prac-

tices for.
MS33586-Metals, Definition of Dissimilar.
MS33588-Nuts and Plate Nuts, Self-

Locking, Aircraft Design and Usage
Limitations of.

( Copies of specifications, standards, drawings, and
publications required by suppliers in connection with
specific procurement functions should be obtained from
the procuring activity or as directed by the contracting
officer.)

3. REQUIREMENTS

3.1 Qualification. The coolers furnished
under this specification shall be products which
have been subjected to and which have passed
the qualification tests specified herein, and
which have been listed on or approved for list-
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ing on the applicable Qualified Products List
(see 6.3).

3.2 Materials. Materials shall conform to
applicable specifications and as specified herein.
Materials which are not covered by applicable
specifications, or which are not specifically de-
scribed herein, shall be of the lightest practi-
cable weight, and suitable for the purpose
intended.

3.2.1 Metals. All metals used in the con-
struction of oil coolers shall be of a corrosion-
resistant type or shall be suitably protected to
resist corrosion during the normal service life
of the oil cooler. The use of dissimilar metals,
especially brass, copper, or steel, in contact with
aluminum or aluminum alloy, shall be avoided
whenever practicable. Dissimilar metals are
defined in Standard MS33586. The use of
magnesium is prohibited.

3.2.1.1 Castings. Castings shall be clean,
sound, and free from blow-holes, porosity,
cracks, and any other defects.

3.2.2 Nonmetals. Nonmetallic materials
shall be suitably resistant to MIL-L-6082,
grade 1100 oil; mixtures of up to 50 percent by
volume of either TT-S-735, type I or III
fluids with grade 1100 oil and any approved
preservative compound; and MIL-C-6864 oil
cooler solvent cleaning compound to insure sat-
isfactory operation under all conditions speci-
fied herein.

3.2.2 Selection of materials. Specifications
and standards for all materials, parts, and Gov-
ernment certification and approval of proceses
and equipment, which are not specifically desig-
nated herein and which are necessary for the
execution of this specification, shall be selected
in accordance with MIL-STD-143, except as
provied in 3.2.3.1.

3.2.3.1 Standard parts. Standard parts
(MS or AN) shall be used wherever they are
suitable for the purpose and shall be identified
on the drawing by their part numbers. Com-
mercial utility parts, such as screws, bolts, nuts,
and cotter pins may be used provided they pos-
sess suitable properties and are replaceable by
the standard parts (MS or AN) without alter-
ation, and provided the corresponding MS or
AN part numbers are referenced in the parts
list and, if practicable, on the contractor’s draw-

ings. In the event there is no suitable corre-
sponding MS or AN part in effect on date of
invitation for bids, commercial parts may be
used, provided they conform to all require-
ments of this specification.

3.3 Design and construction. The cooler
shall be designed to transmit heat from liquids,
through the tube walls, to an air stream flowing
through the tubes. Baffles may be used to in-
sure uniform distribution of oil flow through
the core. Oil coolers shall be designed to with-
stand stranins, shocks and vibrations, and other
conditions incident to shipping, installation,
and ordinary use.

3.3.1 Cleaning and repair. The cooler shall
be readily cleanable of sludge, metal particles,
and other foreign matter. It shall be practica-
ble to retube damaged or defective coolers such
that they are suitable for reuse.

3.3.2 Ratings.
3.3.2.1 Rated oil flow. The oil cooler shall

be designed for a rated oil flow of 1 pound per
minute per square inch of cooler core-frontal
area.

3.3.2.2 Rated airflow. The rated airflow for
coolers shall be in accordance with table T. If
air pressure drop at the rated airflow measured
in accordance with figure 1. properly corrected,
exceeds 4.2 inches of water, the rated airflow
shall be reduced to a value corresponding to
that pressure drop, but lower pressure drops
shall not be considered a basis for increasing
the rated airflow.

3.3.3 Dimensions. The overall dimension
flange dimensions, shapes, and weights shall be
as specified on MS29590 and MS29591.

3.3.4 Warmup passages. Warmup passages
shall be provided integral with the cooler to re-
establish oil flow after the oil in the core is com-
pletely congealed and to maintain liquid oil in
the core during normal service conditions.
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PRESSURE DROP TO BE UPSTREAM TOTAL MINUS DOWNSTREAM STATIC - TOTAL PRESSURES TO
BE MEASURED BY SHIELDED TOTAL PRESSURE TUBES OF REVERE INSTRUMENT COMPANY (PART
NUMBER R-302-DP) OR EQUIVALENT, LOCATED WITHIN 1 INCH OF THE CENTER OF THE
DUCT. DOWNSTREAM TOTAL PRESSURE TUBE IS NOT REQUIRED BUT IS RECOMMENDED AS A
MEANS OF CROSS-CHECKING ACCURACY OF THE REQUIRED PRESSURE MEASUREMENTS.

DIMENSIONS IN INCHES.

FIGURE 1. Method .4 measuring air pressure drop

3.4 Interchangeability. All parts having
the same manufacturer's part number shall be
directly and completely interchangeable with
each other with respec to installation and per-
formance. Changes in manufacturer’s part
numbers shall be governed by the drawing num-
ber requirements of MIL-D-70327.

3.5 Threaded connections.
3.5.1 Pipe threads. Pipe threads shall not

be used on coolers, except for permanent clo-
sures, in which case they shall conform to MIL-
P-7105.

3.5.2 Screw threads. Screw threads shall
be in accordance with MIL-S-7742.

3.5.3 Locking of parts. All threaded parts
shall be locked by safety wiring, by self -locking
nuts conforming to MIL-N-25027, cotter pins,
or other approved methods. Safety wire shall
be installed in accordance with MS3354O and
shall conform to MS20995. Self-locking nuts
shall be used in accordance with MS33588.
Self-locking nuts shall not be used where loos-
ening or disengagement of the nut could result

in the nut or other parts entering the oil system.
Lockwashers or staking will not be permitted.

3.6 Finish All external surfaces except
corrosion-resistant steel, brass, copper, or bronze
working surfaces shall be finished to resist cor-
rosion during normal service life.

3.7 Direction of airflow. The oil cooler
shall conform to all performance requirements
of this specification with airflow in either
direction.

3.8 Oil heat rejection. At rated oil flow,
rated airflow, and 100° ~ 2° F inlet air temper-
atue, the unit heat rejection (w 6.4.1) (British
thermal unit ( B.t.u.) /min.lmO F temperature
difference) from the oil, shall be not less than
the value obtained from the following formula:

Q=15.0A-130
where

Q=unit heat rejection B.t.u./min./100° F
temperature difference

A= cooler core-f rent.al area, square inches
3.9 Performance The oil coolers shall

satisfy the performance requirements specified
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in section 4, when subjected to the applicable
tests.

3.10 Identification of product. The cool-
ers shall be marked for identification in ac-
cordance with MIL-STD-130.

3.10.1 Nameplate. The following informa-
tion shall be permanently and legibly marked
on the oil coder or on a nameplate conforming
to MIL-P-6906.

COOLER, LUBRICATING OIL, PE-
TROLEUM BASE, AIRCRAFT EN-
GINE, TUBULAR

Ms part No. (as applicable)
Manufacturer’s part No.
Manufacturer’s serial No. (if used)
Contract or order No.
Manufacturer’s name or trademark
U s .

3.11 Workmanship. All details of work-
manship shall be sufficient to insure satisfactory
operation and service life of the cooler.

3.11.1 Cleaning. All parts shall be clean.
The assembled cooler shall be completely free
from sand, metal chips, all soldering, welding
and brazing residue, and other foreign matter.

3.11.2 Welding. All welding operations
shall be performed by operators certified in ac-
cordance with MIL-T-5021, class A, group IV.
All welding equipment, materials, procedures,
and methods of controlling the welding quality
shall be such as to insure suitable production
coolers.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless
otherwise specified in the contract or purchase
order, the supplier is responsible for the per-
formance of all inspection requirements as spec-
ified herein. Except, as otherwise specified, the
supplier may utilize. his own facilities or any
other commercial laboratory acceptable to the
Government. The Government reserves the
right to perform any of the inspections set forth
in the specification where such inspections are

deemed necessary to assure supplies and services
conform to prescribed requirements

4.2 Classification of tests. The inspection
and testing of oil coolers shall be classified as
follows :

(a) Qualification tests----------- (4. 3)
(b) Quality conformance tests ----- (4. 4)

4.3 Qualification tests. Qualification tests
of oil coolers shall consist of all the examina-
tions and tests specified in 4.6 and 4.7.

4.3.1 Qualification test samples. The quali-
fication test samples (see 6.3) shall consist of
two oil coolers of each manufacturer’s part
number upon which qualification is desired.
The samples shall be accompanied by two sets
of detail and assembly drawings and a complete
test report showing results of manufacturer’s
tests for each manufacturer's part number.
Each qualification test sample shall be plainly
identified by securely attached durable tags
marked with the following information:

Sample for qualification test
COOLER, LUBRICATING OIL PE-

TROLEUM BASE, AIRCRAFT EN-
GINE, TUBULAR

MS part No. (as applicable)
Submitted by (name of manufacturer)

(date) for qualification tests in accord-
ance with Specification MIL-C-5637B
under authorization (reference letter au-
thorizing the tests)

Manufacturer’s part No.
Name of manufacturer.

4.3.1.1 The qualification test samples, draw-
ings, and test reports shall be forwarded to the
activity responsible for qualification designated
in the letter of authorization.

4.3.1.2 Manufacturer's drawings. The
manufacturer’s drawings submitted with the
qualification test samples shall conform to
MIL-D-70327 and shall show a cutaway section
showing all parts in their assembled position
and shall specify part numbers of all parts and
subassemblies.

4
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4.3.1.3 The test reports submitted with the
qualification test samples shall conform to
MILSTD-831 and shall include the following
information:

(a)

(b)

(c)

Description of test equipment: This
description shall include the diagram
of the general test setup; the type, and
capacity of the various components of
apparatus and instruments; and
methods of controlling the test vari -
ables. The description shall include
photographs wherever possible of the
general setup and of the installation of
a cooler. These data need be supplied
only once. Compliance with this para-
graph in subsequent reports may be
made by reference to the original re-
report. The original data shall be kept
up to date by revision as necessary.
Copies of original data sheets for all
tests required by this specification, in-
cluding corrected values from which
curves are plotted
Curves similar to figures 2, 3, and 4,
and a summary of remits in accord-
ance with figure 5.

4.4 Quality conformance tests. Quality
conformance tests shall consist of individual
tests and sampling tests. -

4.4.1 Individual tests. Each oil cooler sub-
mitted for acceptance under contract shall be
subjected to the following tests:

(a) Examination --------------- (4.6.1)
(b )  Stat i c  presurr - - - - - - - -  (4 .7 .1 )
(c) Cleaning ------------------ (4.7.2)

4.4.2 Sampling tests. A random sample
shall be chosen from each lot of oil coolers in
accordance with table titled “Sample size code
letters” of MIL-STD-105, Inspection Level
S-2, acceptance number of zero for all tests, and
each sample oil cooler shall be subjected to the
following tests, except that only one run of the
oil pressure drop test (4.7.8 ) shall be made with
an oil temperature of 120° &2° F. Samples

MIL-C-4637B

subjected to the sampling tests will not be ac-
cepted in fulfillment of any contract.

(a) Oil pressure drop ---------- (4.7.8)
(b) Pressure cycles ------------ (4.7.4)
(c) Oil leakage (if required) -- (4.7.4.1)

4.5 Test conditions.
4.5.1 Ducting. Straight lengths of duct of

the same cross-sectional area and shape as the
frontal area of the cooler shall be provided.
The inlet duct shall beat least twice as long as
its maximum diameter. The outlet duct shall
beat least as long as its maximum diameter.

4.5.2 Oil. Unless otherwise specified, oil
conforming to MIL-L-6082, grade 1100, shall
be used for all oil cooler tests

4.521 Oil temperature. Unless otherwise
specified, the inlet oil temperature shall be 225°
l?.

4.5.3 Oil pressure connections. Oil pres-
sure connections shall be made to the flange in
accordance with figure 6.

4.5.4 Data to be obtained-instrumentation.
The variables in table II shall be measured for
each run.

4.5.5 Control limits and data observations.
Unless otherwise specified, the variables speci-
fied at fixed values for points and runs are per-
mitted to deviate from the specified conditions
~ 50 F for all temperatures, A2 percent for oil
flow, and *2 percent of rated airflow for any
airflow. The observed data shall be recorded.
Unless otherwise noted, all points for each test
shall be recorded only after all variables have
been adjusted, and substantially stabilized.
The degree of stabilization and accuracy of ob-
servation is acceptable if the calculated heat
added to the air (air temperature rise times air-
flow times specific heat of air), checks within 5
percent of the calculated heat transferred from
the oil (oil temperature drop times oil flow
times specific heat of oil). Heat balance dis-
crepancies of more than 5 percent, for all heat
rejection runs other than oil temperature drop
with airflow (see 4.7.6.2), are unacceptable.
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drop of diluted silver nitrate solution and a few
drops of nitric acid. The formation of even a
slight precipitation is an indication of the pres-
ence of halides. Coolers showing either an acid
or alkali reaction or the presence of halides
shall be rewashed and rinsed until a clean condi-
tion is indicated by the test.

4.7.3 Oil pressure drop. The oil pressure
drop shall be determined through the core and
warmup passages. The pressures shall be de-
termined at the applicable pressure taps on a
pressure plate conforming to figure 6.

4.7.3.1 Core. The test shall be run at rated
oil flow with the warmup passages outlet
blocked, with no airflow, and with oil tempera-
tures of 110° F, 120° F, 135” F, and 150° F.
Sufficient data shall be recorded to plot a
“Core A P“ curve (see fig. 9). The pressure
drop from the cooler inlet to core outlet, at a
temperature of 120° F, shall in no case exceed
40 psi for coolers with a nominal frontal area of
133 square inches or less; 45 psi for coolers with
a nominal frontal area of more than 133 square
inches, but less than 254 square inches; and shall
not exceed 50 psi for coolers with a nominal
frontal area of 254 square inches or greater

4.7.32 Warmup passages. The above test
shall be repeated with the core outlet blocked
and the warmup passage outlet open. Sufficient
data shall be recorded to plot a “Jacket A P“
curve (see fig. 2). The pressure drop shall not
exceed 8 psi through the warmup passages at a
temperature of 120° F.

—

4.7.4 Pressure cycles. All preservative com-
pound or oil film shall be removed from the
cooler by cleaning in a suitable solvent. The
cooler shall then be flushed with oil conforming
to MIL-L-6081, grade 1010, and allowed to
drain with the valve flange down for 1 hour, at
a temperature of not less than 60° F. The
cooler shall be completely submerged in oil at
295° F, Air pressure shall be applied through
the inlet port with the outlet ports closed. The
pressure shall be cycled from &fl psi to 60 &1
psi and back to 3 =3 psi at a rate of 6 = 1 cycles
per minute (cpm). The pressure change from
3 to 60 psi and from 60 to 3 psi shall be accom-
plished in 2 to 2.5 seconds each. The pressure
cycle shall be repeated 50,000 times, and the
cooler shall be examined periodical y for leak-
age and distortion. Following this test, the

12

cooler shall be subjected to an air pressure of
80 psi for a period of 2 hours while submerged
in water at between 150” and 175° F. Any oil
cooler which leaks in excess of 10 cubic centi-
meters per minute of free air from any point or
a total leakage of 50 cubic centimeters per min-
ute shall be subjected to the oil leakage test
(4.7.4.1).

4.7.4.1 Oil Leakage. A minimum of 50
pounds per minute of oil at a temperature of
225° F, and at an inlet pressure of 60 psi, shall
be flowed through the cooler for a period of 30
minutes. There shall be no oil leakage either
during or as a result of this test.

4.7.5 Heatrejection and anticongealing
characteristics. For each test run indicated in
table III, sufficient data shall be recorded to
enable calculation of corrected air pressure
drops, unit heat rejection, and anticongealing
rations The ratio of unit heat rejection at – 30°
F air temperature to unit heat rejection at 100°
F air temperature shall be not less than the
values specified in table VI with the indicated
oil and air flows.

TABLE VI. Congealing ratios

4.7.6 Warmup characteristics. A relief
valve shall be used on the warmup passage out-
let during tests for warmup characteristics with
and without airflow. The valve shall be set to
open at 40 =E 2 psi differential pressure, and the
valve open ing shall act to limit the maximum
differential to 48 psi during any of the tests.
The valve shall include a quick-acting manual
opening device and means for indicating when
the valve is completely closed.

4.7.6.1 Without airflow. The cooler shall be
filled with oil and chilled to a temperature of
– 5° Y 1° F for a period of not less than 2 hours.
Provisions shall be made to maintain the cooler
filled with oil during freezing period. After
the freezing period, oil at a temperature of 138°
+2o F and at a maximum applied pressure of—
70 psi, shall be made available at the cooler inlet.
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The oil inlet pressure shall be controlled to limit
the test flow rate to 30 pounds per minute or 30
percent of rated flow, whichever is greater.
Within 10 minutes, the oil flow through the
relief valve shall be zero and limiting flow rate
specified above shall be established through the
core of the cooler.

4.7.6.2 Oil temperature drop with airflow.
For each of the four test runs specified in table
VII, the procedure shall be as follows:

With no airflow, oil at the specified flow
rate and at an inlet temperature of 225° F
shall be passed through the cooler for the
purpose of thawing out the cooler. When
the oil temperature at the cooler outlet is
within 5° F of the inlet oil temperature. the
airflow shall be started at the specified flow
rate, and at a temperature of — 55° F.
These conditions shall be maintained for a
period of 15 minutes. Immediately follow-
ing this stabilization period, the relief valve
on the warmup passage opening shall be
manually opened. Simultaneously, t h e
flow of the oil to the cooler shall be reduced
to nrw-hal f of the value. specified for the
test. These conditions shall be main-
tained for 5A0.2 minutes. During this 5-
minute freezeup period, the pressure under
the relief valve should not exceed 5 psi. At
the end of the 5-minute period, the relief
valve manual opening device shall be re-
leased, and oil flow restored to the value
specified for the test. After restoring the
specified oil flow, oil temperatures at the
cooler outlet shall be recorded at the end of
3, 5, 10, and 15 minutes. At the end of 10
minutes, the relief valve shall be completely
closed, and the oil temperature drop shall be
not less than 40° F.

TABLE VII Oil and air flows for oil temperature drop
with airflow

MIL-C-5637B

4.7.7 Fluid resistance. This test shall be
applicable to oil coolers containing nonmetallic
parts.

4.7.7.1 High temperature. A mixture of 50
percent oil (by volume) and 50 percent type 111
fluid, as specified in TT-S-735, shall be cir-
culated through the coder at a temperature of
135° = 10° F for a period of 72 hours The
cooler inlet pressure shall be maintained at
35* 5 psi. At the end of this period, oil at
275°55° F shall be circulatd through the
cooler for 96 hours with the cooler inlet pre-
ssure maintained at 35&5 psi. The cooler, filled
with oil, shall be tested at room temperature at
pressures from 1 to ’80 psi. The foregoing cycle
shall be conducted six times. There shall be no
Leaks as a result. of this test.

4.7.7.2 Low temperature. Within 24 hours
after the high-temperature test (4.7.7.1), the
cooler shall be drained and a mixture of 50 per-
cent oil (by volume) and 50 percent type I fluid
conforming to TT-S-735, shall be circulated
through the cooler at room temperature for a
period of 15 minutes. The cooler and mixture
shall then be soaked for 72 hours at a tempera-
ture of – 67 A2° F. Pressures of 1 and 80 psi
shall he applied alternately at least 10 times
while at a temperature of — 67° F. There shall
be no leakage as a result of this test.

4.7.7.3 Oil flow pressure resistance. The oil
temperature shall be less than 100° F and the
rate of flow adjusted to provide a pressure drop
of 80 psi from the inlet of the cooler to the out-
let of the core with the warmup outlet closed.
The outlet pressure shall not exceed 10 psi.
There shall be no damage or permanent dis-
tortion.

5. PREPARATION FOR DELIVERY
5.1 Preservation, packaging, and packing.

The oil coolers shall be prepared for delivery in
accordance with MIL-P-7936, unit, and inter-
mediate packaging to be level A or level C, and
exterior shipping cent.ainem levels A, B, or C.
Preservation -shrill be Method IA of MIL-P-
116.

5.2 Marking. Marking shall be in accord-
ance with MIL-P-7936.

6. NOTES
6.1 Intended use. Oil coders covered by

this specification are intended for use in cooling
aircraft engine petroleum base lubricating oil.
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6.2 Ordering data Procurement docu-
ments should specify the following:

(a)

(b)

(c)

Title, number, and date of this speci-
fication.
Levels of preservation, packaging,
and packing (see 5.1).
MS part number of oil coolers and
quantity desired.

6.3 Qualification. With respect to prod-
ucts requiring qualification, awards will be
made only for such products as have, prior to
the time set for opening of bids, been tested and
approved for inclusion in the applicable Quali-
fied Products List, whether or not such products
have actually been so listed by that date. The
attention of the suppliers is called to this re-
quirement, and manufacturers are urged to ar-
range to have the products that they propose to
offer to the Federal Government, tested for
qualification in order chat they may be eligible
to be awarded contracts or orders for the pro-
ducts covered by this specification. The activity
responsible for the Qualified Products List is
the Bureau of Naval Weapons, Navy Depart-
ment, Washington 25, D C , and in formation
pertaining to qualification of products may be
obtained from that activity.

6.4 Definitions
6.4.1 Unit heat rejection. Unit heat rejec-

tion is defined as the total heat rejection in

B.t.u.’s per minute, times 100, divided by the
differential between the average oil temperature
and the inlet air temperature in degrees Fahren-
heit.

6.5 Marginal indica. The margins of this
specification are marked to indicate where
changes, deletions, or additions to the previous
isssue have been made. This is done as a con-
venience only and the Government assumes no
liability whatsoever for any inaccuracies in
these notations. Figures are not so marked.
Bidders and contractors are cautioned to evalu-
ate the requirements of this document based on
the entire content as written, irrespective of the
marginal notations and relationship to the last
previous issue.

Custodians:
Army—MO
Navy-WP
Air Force-(11)

Review activities:
Army-WO
Navy-WT
Air Force-(11) (71)

Preparing activity:
Navy-WP

Project No. 2935-0009
Review\user information is current as of the date of

this document. For future coordination of changes to
this document, draft cumulation should be based on the
information in the current Federal Supply Classifica-
tion Listing of DoD Standardization Documents.
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