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QH].p DeSignation: D 4684 — 99 el An American National Standard

Standard Test Method for
Determination of Yield Stress and Apparent Viscosity of
Engine Oils at Low Temperature *

This standard is issued under the fixed designation D 4684; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

€' Note—Table X1.2 was corrected editorially in April 2000.

1. Scope _ Am) R2 ,
1.1 This test method covers the measurement of the yield CtR-R) @
stress and viscosity of engine oils after cooling at controlled
. . ! here
rates over a period exceeding 45 h to a final test temperature, ™~ shear rate at the surface of the rotor in reciorocal
between —10 and —40°C. The viscosity measurements are’ seconds. & P
made at a shear stress of 525 Pa over a shear rate of 0.4 to Jé — angular velocity, rad’s,

—1
s :

o R, = stator radius, mm,
1.2 The applicability to petroleum products other than R = rotor radius, mm, and

engine oils has not been determined. t = time in seconds for one revolution of the rotor.

1.3 This test method uses the millipascal second (mPa-s) asgoy the specific apparatus being described in 5.1.1,
the unit of viscosity. For information, the equivalent centipoise G. = 63t 3
unit is shown in parentheses. '

1.4 This standard does not purport to address all of the 2.1.5 shear stress-the motivating force per unit area for
safety concerns, if any, associated with its use. It is thdluid flow. For the rotary viscometer being described, the rotor
responsibility of the user of this standard to establish appro-surface is the area under shear or the shear area.
priate safety and health practices and determine the applica- T = 9.81M (R, + R) X 10°° )
bility of regulatory limitations prior to use.

TI’
2. Terminology 5 2(mRh X 10 ®)
2.1 Definitions: where:
2.1.1 apparent viscosity-the determined viscosity obtained T = torque applied to rotor, N-m,
by use of this test method. M = applied mass, g,
2.1.2 Newtonian oil or fluig—an oil or fluid that at a given R, = radius of the shaft, mm,
temperature exhibits a constant viscosity at all shear rates oR, = radius of the string, mm,
shear stresses. S = shear stress at the rotor surface, Pa, and
2.1.3 Non-Newtonian oil or fluid-an oil or fluid that at a h = height of the rotor, mm.
given temperature exhibits a viscosity that varies with chang- For the dimensions given in 5.1.1,
ing shear stress or shear rate. T = 31.7M x 10°° ©)
2.1.4 shear rate—the velocity gradient in fluid flow. For a ' S - 35M @

Newtonian fluid in a concentric cylinder rotary viscometer in
which the shear stress is measured at the inner cylinder surface2.1.6 viscosity—the ratio between the applied shear stress
(such as this apparatus, described in 5.1), and ignoring any er@d rate of shear, sometimes called the coefficient of dynamic
effects, the shear rate is given as follows: viscosity. This value is thus a measure of the resistance to flow
AR? of the liquid. _Th_e Sl umfc of V|scqs:|ty is the pascal second
(1) [Pa-s]. A centipoise (cP) is one millipascal second [mPa:s].

R-R 2.2 Definitions of Terms Specific to This Standard:

2.2.1 calibration oils—those oils that establish the instru-

1 This test method is under the jurisdiction of ASTM Committee D-2 on ment's reference framework of apparent viscosity versus
Petroleum Products and Lubricants and is the direct responsibility of Subcommittespeed, from which the apparent viscosities of test oils are
D02.07.0C on Low Temperature Rheology of Non-Newtonian Fluids. determined. Calibration oils, which are essentially Newtonian

Current edition approved Dec. 10, 1999. Published February 2000. Originallyy, ,: ; . f
published as D 4684 — 87, Last previous edition D 4684 — 98. fluids, are available commercially, and have an approximate
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viscosity of 30 Pa-s (30 000 cP) at —20?C. 5. Apparatus

2.2.2 test oil—any oil for which the apparent viscosity and g ¢ Mini-Rotary Viscometé& an apparatus that consists of
yield stress are to be determined by this test method. one or more viscometric cells in a temperature-controlled
2.2.3 yield stress—the shear stress required to initiate flow. 5yminum block. Each cell contains a calibrated rotor-stator

For all Newtonian fluids and some non-Newtonian fluids, theset, Rotation of the rotor is achieved by an applied load acting
yield stress is zero. An engine oil can have a yield stress that irough a string wound around the rotor shaft.

a function of its low-temperature cooling rate, soak time, and 5.1.1 The mini-rotary viscometric cell has the following
temperature. Yield stress measurement by this test methq pical dimensions:

determines only whether the test oil has a yield stress of at least

. . . millimetres
35 Pa; a yield stress below 35 Pa is considered to be  piameter of rotor 17.0
|nS|gn|f|cant. Length of rotor 20.0
Inside diameter of cell 19.0
3. Summary of Test Method Radius of shaft 3.18
Radius of string 0.05

3.1 An engine oil sample is held at 80°C and then cooled at .
a programmed cooling rate to a final test temperature. A low -2 Temperature Control Systethat will operate the heater
torque is applied to the rotor shaft to measure the yield stresd! theé mini-rotary viscometer block and regulate the coolant
A higher torque is then applied to determine the apparenfﬂOW to the block. This controller must regulate the temperature

viscosity of the sample. to within the temperature limits described in Table X1.1 or
Table X1.2.
4. Significance and Use 5.2.1 Temperature Controllelis the most critical part of this

4.1 When an engine oil is cooled, the rate and duration oprocedure. The temperature control system can be a single-
cooling can affect its yield stress and viscosity. In thisloop programmable controller to control the block temperature.
laboratory test an engine oil is slowly cooled through aA process controller that has a proportional band with integral
temperature range where wax crystallization is known to occuieset and derivative rate control, sometimes referred to as a
followed by relatively rapid cooling to the final test tempera- PID controller, is suitable for controlling the temperature. This
ture. These laboratory test results have predicted as failures tifgogrammable controller has one control loop and one tem-
known engine oils that have failed in the field due to the lackperature sensor that provides the appropriate information to the
of oil pumpability® These documented field failing oils have controller to hold the temperature at the programmed set
all consisted of oils normally tested at-25°C. These fieldlemperature. It has an internal clock that controls the execution
failures are believed to be the result of the oil forming a gelof the program. The controller must be connected so that only

structure that results in excessive yield stress or viscosity of theeat is supplied to the block during the figsh and 20 min of
engine oil, or both. the temperature profile described in Table X1.1 or Table X1.2.

4.2 Cooling Profiles The temperature control during the remaining portion of the

4.2.1 For oils to be tested at —20°C or colder, Table X1.1temperature profile must be obtained by controlling the coolant
applies. The cooling profile described in Table X1.1 is based offow. This control system must have a minimum temperature
the viscosity properties of the ASTM Pumpability Referencesensitivity of 0.1°C and be able to change the temperature at a
Oils (PRO). This series of oils includes oils with normal prescribed rate. When the control system’s proportional band,
low-temperature flow properties and oils that have beenntegral (reset), and derivative (rate) parameters are optimized
associated with low-temperature pumpability proble(assy*  the temperature excursions above and below the profile must
No significance has been determined for the —35 and —40°@€ no greater than 0.2°C at a temperature below -5°C. The

temperature profiles because of the absence of appropriat@mperature sensor can be a platinum resistance thermal
reference oils. detector, a thermistor, or a thermocouple. A platinum resistance
4.2.2 For oils to be tested at-15 or -10°C, Table X1.2thermal detector or thermistor sensor is preferredysAn.
applies. No significance has been determined for this temper&3.2-mm) diameter temperature probe can be installed directly
ture profile because of the absence of appropriate referendeto the ¥s-in. diameter well located at the back of the block
oils. Similarly, precision of the test method using this profilebetween cells Nos. 4 and 6. Alternatively, the temperature
for the —10°C test temperature is unknown. The temperatur8ensor can be inserted into one of the thermometer wells.
profile of Table X1.2 '$ derived from the On,e in Table X1.1 and_ Note 1—The sensor is placed in the same unit that is being controlled.
has been moved up in temperature, relative to Table X1.1, ifhe sensor should be placed in the block if the supply of coolant is being
consideration of the expected higher cloud points of theontrolled. Alternatively, the sensor would be placed in the bath if the bath
viscous oils tested at —=15 and -10°C. temperature was being controlle@o not try to control the block
temperature by sensing the block temperature and controlling the refrig-
eration system.

Z The sole source of supply of the apparatus known to the committee at this time Note 2—An internally delayed start for the controller is a desirable

is Cannon Instrument Co., P.O. Box 16, State College, PA 16804. If you are awarfeature since this will allow starting the temperature profile unattended.
of alternative suppliers, please provide this information to ASTM Headquarters.

Your comments will receive careful consideration at a meeting of the responsible 5.2.2 Temperature Profile-The temperature profile is fully

technical committele which you may attend. described in Table X1.1 and Table X1.2.
3 Pumpability Reference Oils (PRO) 21 through 29. .
4 The boldface numbers in parentheses refer to the references at the end of this 5.3 Thermometeﬁs for measuring the temperature of the

standard. block. Two are required, one graduated Mc\u?ﬁgﬁ{g
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90°C in 1°C subdivisions, the other with a scale from at 8.2.3 Allow the oil in the cells to soak at —200.2°C for at
least —36 to +5°C or —45 to +5°C, in 0.2°C subdivisions. Othereast 1 h, making small temperature adjustments, if necessary,
thermometric devices of equal accuracy and resolution may b® maintain the test temperature.
used to calibrate the temperature sensor. 8.2.4 At the end of the soak period, record the temperature
5.4 Refrigeration Deviceconsisting of a means of main- reading (test temperature) and remove the cover of the viscom-
taining a coolant (such as methanol) to at least 10°C below theter cell.
lowest test temperature. 8.2.5 Proceed to 9.3.1-9.3.3.
5.5 Circulating Systerhthat will circulate the liquid coolant 8.2.6 Perform step 9.4.1.
to the block as needed. Methanol is a suitable coolant. One 8.2.7 Repeat 8.2.5 and 8.2.6 for each of the remaining cells,
should observe toxicity and flammability precautions thattaking the cells in order from left to right.
apply to the use of methanol. The circulating system must be 8.2.8 Calculate the viscometer constant for each cell (rotor/
capable of maintaining test temperature during the test. I§tator combination) with the following equation:
methanol is leaking from the system, discontinue the test and C =yt ®)
repair the leak.\(Varning—Methanol is flammable.)
5.6 Chart RecordesTo verify that the correct cooling Wwhere:
curve is being followed, it is recommended that a chart 1(1:0 = viscosity of the standard oil, cP (mPa-s) at -20°C,

recorder be used to monitor the block temperature. cell constant with 150 g mass, Pa, and
t time in seconds for three complete revolutions.

6. Reagents and Materials 8.3 It is essential that the ice point of the calibrated
6.1 Newtonian Off, a low cloud-point of approximately 30 thermometer and the temperature sensor are initially measured
Pa-s (30 000 cP) viscosity at—-20°C for calibration of theand periodically measured thereafter. If any change in calibra-

viscometric cells. tion is noted in the ice point the temperature controller/sensor
6.2 Methano—Commercial or technical grade of dry combination, recalibrate in accordance with 8.1.
methanol is suitable for the cooling bath. 8.4 Check the cooling rate periodically to ensure that the

6.3 Oil Solvent—Commercial heptanes or similar solvent programmed cooling follows the profile described in Table
that evaporates without leaving a residue is suitableX1.1 or Table X1.2. This should be done at least monthly by
(Warning—Flammable.) recording the block temperature as measured by the tempera-

6.4 Acetone—A technical grade of acetone is suitable pro-ture controller and a thermometer placed in the block at least
vided it does not leave a residue upon evaporationthree times during normal working hours. Continual monitor-
(Warning—Flammable.) ing of the temperature profile is strongly recommended during
7. sampling a coo!ing program below _O°C since deviations from the

' ) ) prescribed temperature profile, Table X1.1 or Table X1.2, can

7.1 Arepresentative sample of test oil free from suspendegayse erroneous test results. This can be achieved through the
measurements. If the sample in its container is received be|0WeriodicaIIy (every 1 to 2 min) records the time and block
the dew-point temperature of the room, allow the sample tQemperature. The allowable temperature deviations are shown
warm to room temperature before opening the container.  jn Taple X1.1 or Table X1.2, and are also outlined in 5.2.

8. Calibration and Standardization
9. Procedure

8.1 Calibrate the temperature sensor while attached to the .
9.1 Program the temperature controller to control the mini-

temperature controller. The sensed temperature shall be veri- . : .
P P otary viscometer block temperature as outlined in Table X1.1

fied using either the —36 to +5°C reference thermometer or thE .
g r Table X1.2. The programmed temperature is the temperature

-45 to +5°C reference thermometer noted in 5.3 at a minimun? Table X1.1 or Table X1.2 ol h h
of three temperatures. Make these temperature measuremelils'2°!€ X1.1 or Table X1.2 plus the appropriate temperature

at least 5°C apart to establish a calibration curve for thiorrection factor determlned_ in 8.1 Table X1.3 lists the
combination of temperature sensor and controller. Recheck tHéommal times to reach a parﬂculqr test temperature
temperature sensor periodically using the ice point of water as 9.2 Test Sample an(_j Viscometric Cell P_reparathn

the reference point. If the corrected sensor temperature devi- 9.2.1 Remove the nine rotors from the viscometric cells and
ates from the ice point by more than 0.1°C, repeat theﬁlr:ezl:]riigth;rtotéztg‘utrge cells and rotors are clean. See 9.6 for the
calibration in accordance with this paragraph. 9.2.2 Place a 16 1.0 mL oil sample in each cell

Note 3—All temperatures in this test method refer to the actual 9.2.3 Install the rotors in the proper stators and install the
temperature andot necessarily the indicated temperature. upper pivots.

8.2 The calibration of each viscometric cell (viscometer 9.2.4 Place the loop of the 700-mm long string over the
constants) can be determined with the viscosity standard arctossarm at the top of the rotor shaft and wind all but 200 mm
the following procedure at —20°C. of the length of the string around the shaft. Do not overlap

8.2.1 Use steps 9.2-9.2.5. strings. Loop the remaining end of the string over the top

8.2.2 Program the temperature controller to cool the minibearing cover. Orient the rotor such that a (red or black)
rotary viscometer block to —20°C withil h orless, then start marked end of the crossarm at the top of the rotor shaft is

the program. pointing directly forward. Documents
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