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REQUIREMENTS FOR ENGINE COOLING SYSTEM FILLING, DEAERATION AND DRAWDOWN TESTS

With
(incl
water]
shutt
the ¢

obsey
rise
tempe
engin
requi
at th

thergostats open.

)SE :

urpose of this information report is to list the nequirements
neral use for filling, deaeration, and drawdown ,0of<engine cool
ms for heavy-duty and industrial applications. “The material
is document is for information purposes only,Cand does not con
tandard.

LING:

e starting any test, the vehicle ompthe industrial equipment must be

NG

the engine off, thermostats closed, a completely drained syst

uding heater, other accessories and their lines) must fill with cold

at 5 gpm (19 L/min) with a hose until the filler neck overfigws. Close
ers or block the airflow to the radiator with cardboard segments and run
ngine at approximately rated speed without radiator cap until |the

The opening of the thermostats may be detected Wy

ving the flow_in the radiator inlet line sight glass, by notirg a sudden
in inlet l1ine or top tank temperature, or by noting when the qoolant

rature exceeds the thermostat rating by 5°F (3°C). Continue

e for_5-min, and then stop the engine and measure the amount gf water
red &o refill the system to the 100% full point, which is defined to be
e-bottom of the filler neck extension (cold-fill level) or to [the

O

recommended cold-fill "Full" mark if there is no filler neck extendion.

which are
ing
resented
stitute an

m

unning the

SAE Technical Board Rules provide that: “This reportis published by SAE to advance the state oftechnical 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 reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.
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(Conti

nued) :

The quantity of water added shall not exceed 10% of the total system

capaci

ty, defined in this information report.

The test applies in general to systems of up to 100 qt (95 L) capacity.

However, lower fill rates [for example, 3 gpm (11 L/min)] may be required in
special instances and will be specified by the engine manufacturer.
systems over 100 qt (95 L) capacity, the engine manufacturer may cal

higher

In addfition, in certain instances where air entrapment in the fidlol

(shunt
fill test.

line) may be suspected, the engine manufacturer may call for
In larger systems, particularly those with remotely moun

heaters, manual air bleed vent valves may be required.

EXPANS[ION VOLUME:

The radiator must prdvide an expansion volume equal‘to a minimum of

total

system capacity. This expansion volume wilk remain empty duri

For
1 for a
e period.

ne
b bucket
ted

p% of the
ng a cold

fast fli11, but provision shall be made to vent(the air from this spafe to the

filler

neck during gradual engine warm up. The amount of water requ

slow flill the radiator from the bottom of the filler neck extension

breat

er hole [usually 0.12 in (3.2 mm)_ d¥ameter] in the filler neck

ired to
to the

extenslion, expressed as a percent of the total system capacity, is tpe
percent expansion volume.

Providion for a filler neck extension tube is the preferred construction for

radia

ors for heavy-duty and industrial applications. However, if a

neck extension is not providéd, the amount of water required to fil

radiat
expres

volumg.

sed as a percent of -the total system capacity, is the percent
Total system-capacity is defined following the requirements

filler
the

or from the recommended "Full" mark to the bottom of the filler neck,

expansion
for

drawdgqwn testing.

DEAERATION TESTS:

The erjgine, manufacturers require tests of the cooling system deaeratfion
capability<to remove gases from the coolant during operation. These| gases
may ofiginate from air entrainment during filling, from vortexing at| the fill
or shu i : i i surface

" or due to centrifugal forces in a prolonged turn, or from combustion gases
leaking across cylinder head seals.

Because of the differences in the approach and the test methods of the
various engine manufacturers, it is important that these tests be performed
strictly in accordance with the engine manufacturer's requirements.

A brief destription of some of the deaeration tests required by various
manufacturers is given in the information report for general information

only.

Refer to the engine manufacturer's requirements for details.

S
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5.1

5.2

5.3

5.4

(Continued):

Deaeration tests are to be performed after determination of the expansion
volume.

After determination of the expansion volume, replace the thermostats with
blocked-open thermostats and refill the system with a hose until the filler

neck

overflows. Run the engine at approximately rated speed for 5

min and

refill the system to the bottom of the filler neck extension or other "Full"
One or more of the following deaeration tests may then be required:

mark.

Test]

1 (Deaeration of Fill-Entrained Air): Run the engine at_an

appv
radi
of 1
the
refi
rung

Test

oximately rated speed with the shutters closed or the ainflow

to the

ator blocked with cardboard segments to maintain a top ‘tank tdmperature

50°F + 10 (65°C + 6) without a radiator cap. Run until a sigh

engine outlet (radiator inlet) runs clear of air bubbles. The
11ing to the bottom of the filler neck extension until the 51c
clear of air bubbles shall not exceed 25 min.

2 (Continuous Deaeration): Using a speciad vented radiator d

the

purg
appy
shuf
seqgn

Inje
deae
vent
exce

Test
an a
shut
segn

Inje
(2.9
air

orig

hose led to an inverted water-filled bottle set in a bucket of
oses of measuring the volume of vented:air, run the engine at
oximately rated speed with blocked-open thermostats and with 1
ters closed or the airflow to the radiator blocked with cardbg
ents to maintain a top tank temperature of 150°F + 10 (65°C +

ct air into the system and measure the volume of air vented by
ration system while monitoring the pump pressure rise. The r3
ing when a 35% loss in the-pump pressure rise occurs must equa
ed an amount specifiedfor each engine model.

3 (Continuous Deaeration): HWith the radiator cap on, run the
pproximately rated speed with blocked-open thermostats and wit
ters closed or(the airflow to the radiator blocked with cardbg
ents to maintain a top tank temperature of 150°F + 10 (65°C

ct air at{a rate specified for each engine model [approximatel
L/min)-per cylinder] and monitor the water pump flow. At a ¢
injection rate, the water pump flow must not fall below 50% of
inal~value, and the coolant loss through the overflow line mus

more

Test 4 (Continuous Deaeration):

than the drawdown rating (determined in section 6).

Under the conditions of Test 3,

t glass in
time from
ht glass

ap with
water for
an

he

ard

6).

the
te of air
1 or

engine at
h the

ard

6).

y 0.1 cfm

pecified
the

t not be

inject air

at increasing rates until bubbles are seen in a sight glass in the radiator

intet line.

This rate of air injection is called the deaeration capacity

and the minimum values are specified by the manufacturer for each engine
model.
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8.1

8.2

8.3

DRAWDOWN :

After the deaeration tests, run the engine at a governed no load spe
blocked-open thermostats, and with the shutters closed or the radiat
blocked with cardboard segments to maintain top tank temperature at
10 (65°C + 6) without the radiator cap. When the temperature is rea
or draw off water until the system is filled to the bottom of the fi
extension or the other "Full” mark. Then draw off water slowly in 1
increments from the system at a point of positive pressure and measu

owever, some engine manufacturers require higher minimums.
s with capacity above 100 qt (95 L), the required dnawdown rat
gt €(10.5 L) plus 4% of the system capacity in exeeSs of 100 gt

TOTAL |SYSTEM CAPACITY:

FolloWing the drawdown test, drain and measurel/the water from the en
systen, being careful that no fluid is trapped in the system. This

fluid [drained, added to the amount drawn off“during the drawdown tes
total |system capacity.

REQUIREMENTS:

Indivi[dual engine manufacturers may have additional cooling system t
system parameters that they reguire. Refer to the engine manufactur
requirnements. A sampling of\'some of these requirements follows.

OTHER

Pump [Cavitation: Under the rated engine load and an engine outlet
tempdrature of 210°F-X99°C), which will provide a temperature equal
greafer than the highest coolant temperature expected at the pump,
of water pump pressure rise shall not exceed a specified amount, us

Waten Pump Saction: Suction at the inlet to the water pump shall n
3 in|Hg (10+2 kPa) at engine high idle, without a radiator cap, and
thermostats open. Or, alternatively.

ed, with
or
150°F +
ched, add
T1ler neck
gt (1 L)
re until
rawn off,
ng.
ty, but
ppacity.
it (3

For cooling

ing shall
(95 D).

tire
volume of
t, is the

psts or
pr's

to or
the loss

ot exceed
with the

Water—Pump—Intet Pressuyre:— There shallbe a positive pressure at the inlet

to the water pump at all times.

ually 10%.

®
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9. SPECIAL CONSIDERATIONS FOR SYSTEMS WITH SURGE TANKS OR COOLANT RECOVERY
SYSTEMS:

An engine cooling system which has a surge tank can be considered to have a
remote mounted radiator top tank. For purposes of these tests, the surge
tank shall be considered to be the radiator top tank. Filling should be
accomplished through the filler neck on the surge tank. The surge tank will
be provided with a filler neck extension or the other cold-fill "Full" mark.
The expansion volume for the system is provided in the surge tank in the same
manner as in the usual radiator top tank. The total system capacity includes
the v§¢Tume of the surge tank to the bottom of the Tiller neck extenyion or
the other cold-fill "Full" mark.

An engine cooling system which has a coolant recovery system(¢an be
considiered to have a remote mounted expansion volume only. For purposes of
this test, filling should be accomplished through the radiator filler neck,
fi]]img to the bottom of the filler neck, and through the coolant recovery
system tank inlet, filling to-the recommended cold-fill level. The|expansion
volum¢ for the system is provided in the coolant recovery system tapk, and is
equal|to the volume from the recommended cold-fid{l Tevel to the top of the
tank. : '
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RATIONALE:

Not applicable.

RELATIONSHIP OF SAE STANDARD TO ISO STANDARD:

Not applicable.

REFERENCE_SECTION:

Not applicable.

APPLICATION:

The purpog
general uj

is for inf

COMMITTEE |COMPOSITION:

DEVELQPED[BY THE SAE COOLING SYSTEMS STANDARDS COMMITTEE 3:
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Margalus, J I Case, Hinsdale, IL - Chairmap
Schreiner, Livonia, MI - Past Chairman
. Barker, L & M Radiator Co., Hibbing,. ¥N

Cary, Nalco Chemical Co., Napervi®le, IL

. Cheadle, Long Mfg. Ltd., Oakvilte, Ontario, Canada
Chrjstensen, Modine Mfg. Co. < 'Racine, NI

. Cropk, Allen Group Inc., New-Haven, CT

. Crute, Purolator Inc., Connersville, IN

ailmegzger, John Deere Dubuque Works, Dubuque, IA

. Ford, New Tripoli, PA

. Haage, Onan Corp.,(Minneapolis, MN

. Hanpigan, Whiteplains, NY

. Hentry, BlackStone Corp., Jamestown, NY

. Jacobsen, Vancouver, WA

ohansen, Young Radiator Co., Racine, HI

Juger, AYlen Group, New Haven, CT

Knigebel, Horton Mfg. Co. Inc., Minneapolis, MN

e of this information report is to list the requirements ‘which
e for filling, deaeration, and drawdown of engine cooling syst
heavy-duty and industrial applications. The material presented in this
formation purposes only, and does not constitute an -SAE Standan

. Belgam, Thermag Industries, Mississauga, Ontario, Canada

. Helberg, Thermag - Industries, Mississauga, Ontario, Canada

are in

ems for
document
d.

. Knurr, Oshkosh Truck Corp., OshKosh, Hi

Mall, Horton Ind., Ann Arbor, MI

Manning, Dept. of the Army, Warren, MI
Meizelis, Peoria, IL

. Meller, General Thermodynamics, Oak Creek, WI
ewton, General Motors Corp., Lockport, NY

Pharis, Touchstone Rlwy. Sply. & Mfg. Co., Jackson, TN
Plantan, G & O Manufacturing Co., New Haven, CT
Pouder, Schwitzer, Indianapolis, IN

Price, Hayden Inc., Corona, CA

. Rising, Dearborn Heights, MI

. Schaefer, Detroit Diesel Corp., Detroit, MI

P. Sliger, Robertshaw Controls Co., Knoxville, TN
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