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Lubricants and fuels for aircraft (ASTM D 445/446, ASTM D 2532, ASTM D 1655):  
 

Viscosity measurement with automatic cleaning down to -60 °C 
 
Safety and viscosity 

Modern aircraft operation makes extreme demands on technology and materials. It must be borne in mind 
that modern jets travel routinely at a height of 10 000 meters where the temperature is permanently at a 
polar level down to below -60 °C. The passengers themselves do not experience such conditions, but fuel in 
the tanks and pipelines as well as lubricants in engines and drives are continuously exposed to these 
temperatures. It is a physical fact that the viscosity of liquids is strongly affected by temperature; we know 
from bitter experience that in some cars the Diesel fuel can cease to flow freely in the pipes when it gets very 
cold. This is a somewhat harmless inconvenience, but a similar situation on an aircraft would lead to 
catastrophic failure and has to be prevented under all circumstances.  

It is essential to ensure that the viscosity of kerosene and lubricants, in spite of the extreme temperature 
changes during long flights, does not rise above a critical value and in addition that there is no precipitation 
of long-chain paraffins. Laboratory tests are carried out to measure viscosity under conditions as close as 
possible to those encountered during flight. Strict standards (e.g. ASTM D 2532) lay down in detail how such 
tests have to be carried out and what conditions have to be met. 

Similar considerations apply to certain vehicles which are being used in polar regions. Here again 
temperatures down to -40 °C can be encountered so that low-temperature viscosity measurements on 
lubricants and fuels are again relevant. 

Main problem: icing 

Viscosity measurement with glass viscometers offers the advantages of high accuracy and simple handling, 
and is therefore preferred for such mineral oil products. When the test temperatures are appreciably below 
0 °C the practical performance of the measurements is made more difficult if there is any humidity in the 
ambient air and if the liquids used for cleaning, for example, contain any water. Such water deposits as ice 
on the internal walls of the cold viscometer capillaries and produces changes in the capillary diameter and 
therefore in the flow times. Measurements therefore become useless. 

In the past the standard procedure had been to introduce the samples into the viscometers which had been 
cleaned manually at ambient temperature; the viscometers were then placed into the thermostat and the 
measurement performed after the required low temperature had been reached. For the next test the 
viscometers had to be removed from the bath and cleaned again. If the tubing connections had frozen to the 
walls or if general deicing is required, the thermostat has to be run up to above 0 °C. This results in an 
altogether very labor-intensive and in particular time-consuming procedure. 

During these operations it is unavoidable that ambient air together with the humidity contained in it passes 
into the viscometer! Depending on local humidity, icing as described above takes places immediately on 
filling or later in the course of the measurement (each individual measurement produces further air 
exchange!), leading to repeated problems in the measurements. With a great deal of effort it is possible to 
reduce the problem by flooding the system with dry nitrogen, but such procedures are never simple or fully 
effective. 

The LAUDA solution: automatic measurement and cleaning down to -40 °C/-60 °C 

The Processor Viscosity System PVS 1 and the clear-view thermostats from LAUDA have long proved highly 
satisfactory even at low test temperatures; the icing problem did however prevent the cleaning of the 
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viscometers "online", without removing them from the thermostat, i.e. automatically by means of the rinsing 
module VRM. Recent improvements have now made this method a practical procedure through the 
development of additional components and the use of new cleaning methods. 

The most important new components are: 

1. a high-efficiency cold trap  

2. for -40 °C a high-performance through-flow chiller DLK 45 in conjunction with a specially insulated clear-
view thermostat PVL 15 or PVL24 

3. for -60°C the new high-performance low-temperature PROLINE thermostat RP 890 again with the  
insulated clear-view thermostat PVL 15 or PVL 24 

4. a conversion set for low temperatures 

In addition, new modules have been introduced into the standard PVS system software which provide for 
precise evaluation and validation of the measurement data as required by ISO 3104 or ASTM D 445/446. 

Minimum 
temperature  

(at 22°C 
ambient) 

Thermostat 
type 

Cat. No. 
a) 230V; 50Hz 
b) 230V; 60 Hz 

Cooling 
unit 

Cat. No. 
a) 230V; 50Hz 
b) 230V; 60 Hz 

Time to reach 
min. temp. (from 

approx. 22°C) 

Bath liquid Max. 
No. of 
places 

-40 °C PVL 15 a) LCD 0282 
b) LCD 2282 

DLK 45 
Li-Bus 

a) LFD 111 
b) LFD 211 

2 h 00 min Ethanol or 
Kryo 40 

2 

-40 °C PVL 24 a) LCD 1278 
b) LCD 2278 

DLK 45 
Li-Bus 

a) LFD 111 
b) LFD 211 

 2 h 30 min Ethanol or 
Kryo 40 

4 

- 60 °C PVL 15 a) LCD 1282 
b) LCD 2282 

RP 890 a) LCK 1897 
b) LCK 2897 

2 h 40 min Ethanol ONLY 2 

-60 °C PVL 24 a) LCD 1275 
b) LCD 2275 

RP 890 a) LCK 1897 
b) LCK 2897 

Ca. 3 h Ethanol ONLY 4 

Fig. 1:  Minimum temperatures and cooling times of suitable clear-view thermostat/cooling unit 
combinations, including catalogue numbers.  

Cold trap 

The cold trap specially developed for this application (Fig. 2, right) consists of a highly insulated Dewar 
combined with a heat exchanger; they are kept at a temperature which is a few degrees below that inside the 
thermostat and therefore in the viscometer, using a cooling unit (DLK 45 or RP 890) coupled to the clear-
view thermostat. Any air is first passed through the cold trap before it is pumped into the viscometer, so that 
all water vapor is frozen out in the trap. This cold trap contains a bottle with a drying agent (e.g. silica gel or 
molecular sieve) through which any residual moisture in the pre-cooled air is removed. The cold trap has 
connections for up to four test stands. It also contains a small pump in order to flood the thermostat with 
dried air, greatly reducing icing of the thermostat during continuous operation. 
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Fig. 2:  Schematic diagram of a 2-place measuring system in thermostat PVL 15 with a rinsing module 
VRM 3 and cold trap (LMRZ 915) 

 
Efficient cooling unit 

Down to -40 °C: DLK 45 

The new LAUDA through-flow chiller DLK 45 Li-Bus provides the cooling capacity required to cool the clear-
view thermostat down to -40 °C. At -40 °C it still produces approx. 300 W cooling, sufficient to ensure optimal 
control, clearly better than the +/-0,03 °C demanded by the standard (ASTM S 2532). At the same time the 
chiller, switched to continuous operation, acts as the cold supply for the cold trap. Cooling down to -40 °C 
takes a good 2 hours, but this is usually required only after prolonged breaks in testing and can therefore be 
carried out overnight, for example. The temperature of -20 °C at which kerosene has to be tested according 
to ASTM D 1655, is reached with the DLK 45 in less than 2 hours. 

 Down to -60 °C: RP 890. 

The new PROLINE thermostats RP 890 delivers even at -60 °C a cooling power of 200 W enough to cool 
down rapidly and to keep the temperature extremely constant even in laboratories without climatisation. New 
technologies as the PowerAdapt and the SmartCool system give highest cooling efficiency at very low power 
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consumption, needing only standard mains supply of 230 V/16 KW, realized in an extremely compact table 
standing unit.  

Always a clear view : PVL 15 and  PVL 24 

The clear-view thermostats PVL 15 for two places (Fig. 3) and PVL 24 for four places, both with 
microprocessor control, have been specially designed for use at ultra-low temperatures. with quadruple 
glazing which prevent icing up even at the lowest temperatures, providing a clear view of the viscometers. 
Control parameters specially selected for these low temperatures ensure highly accurate control and prevent 
temperature fluctuations. 

In addition, the two-chamber design of the thermostat ensures a very high degree of temperature uniformity 
(small temperature gradient inside the bath!). 

Condensation of atmospheric humidity in the bath liquid (ethanol) is prevented through a separate 
connection which allows the bath liquid to be flooded with "dry air". This "dry air" is produced by the system 
itself! 

The insulation of these thermostats is sufficient to ensure the necessary clear observation of the viscometers 
down to -60 °C. As before, condensation of atmospheric moisture in the bath liquid (ethanol) is prevented by 
flooding the bath liquid with "dry air" through a separate connection 

Conversion set for low-temperature measurement 

The standard test stands S5 can easily be modified specially for low-temperature applications, using a few 
adapter components, so that any leakage to atmosphere and therefore ingress of moisture is prevented. The 
VRM modules, too, are then supplied with air from the cold trap. The necessary components are combined 
into a conversion set and can be retrofitted to existing systems. 

Automatic cleaning at low temperatures 

Cleaning of viscometers at temperatures down to -60 °C does of course require the use of solvents which 
dissolve samples at these temperatures with a high degree of efficiency and which have a sufficiently low 
viscosity. In addition the boiling point must be low enough in order to ensure drying of the viscometers after 
the final rinse phase. Conventional cleaning agents such as toluene or ethanol are not really suitable. 
Solvents which are satisfactory include low-boiling alkanes such as hexane (BP 69 °C) or (pre-cooled) 
pentane (BP 36 °C), and in particular a mixture of one part pentane in 3 parts acetone (56 °C) which is kept 
dry by a special procedure. This latter offers the advantage of highly effectively removing residual water from 
the viscometers. 

The PVS software provides very flexible control of the cleaning procedure (rinsing program 2.041). It allows 
the user, for example, to optimize the number of washes with up to two different cleaning agents as well as 
the duration of the drying and pump phases. 
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Fig. 3:  Complete 2-place system PVS 1/2 with cleaning module VRM 3 and cold trap inside the PVL 15 
C, thermostat PVL15 with Command-module , with through-flow chiller DLK 45-LiBus down to 
-40 °C 

Comparison of test results 
 
A series of viscosity measurement have been performed on a typical aircraft kerosene at -20 °C. The 
purpose of these measurements was to confirm the consistency of the test results over longer periods, 
without having to remove the viscometers from the bath for filling and cleaning (as had been done 
previously). The results of the tests are summarized in the Table below. For each test the sample was 
introduced into the filling limb with a syringe, and the measurements were started after a cooling-down 
period of 1.5 hours. In each of the four test runs the first two were discarded (preliminary measurements). 
After the end of the test run the sample was drawn off automatically and the viscometer cleaned with pre-
dried acetone and then dried. 

It was found that even minute amounts of ambient air ingress were sufficient for moisture to deposit on the 
walls of the capillary, leading to incorrect results. Moisture intake during introduction of the sample, for 
example, could be prevented reliably by washing the viscometer with acetone pre-dried with molecular sieve, 
so that here, too, there was no need to remove the viscometers from the bath (see e.g. test 3 and 4, place 
1). 
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No. Place 1 equipped with Ubbelohde 

viscometer Type Ic (C = 0.03), uncalibrated 
Place 2 equipped with Ubbelohde viscometer 
Type Ic (C = 0.03), uncalibrated 

 Timing 
2 Prel. tests,  
2 main tests 

Viscosity  Standard 
deviation % 

Timing 
2 Prel. Tests, 
2 main tests. 

Viscosity  Standard 
deviation % 

1 125,245 3,75417 0,008 131,715 3,9486 0,144 

2 124,205 3,72291 0,108 132,045 3,95847 0,096 

3 121,330 (n.e.)* 0,313 130,685 3,85092 0,101 

4 125,110 (n.e.) * 0,240 134,245 (n.a.) * 0,56 

5 124,735 3,73884 0,004 131,52 3,87561 0,00 

6 124,76 3,73959 0,016 131,435 (n.a.) * 0,205 

7 124,775 3,74004 0,008 133,185 3,92477 0,053 

8 125,385 3,75837 0,056 139,395 (n.a.) * 0,525 

9 124,775 3,74004 0,024 

10 124,795 3,74064 0,008 

 

New viscometer (C = 0.02976), calibrated 

11 124,915 3,74424 0,008 127,14 3,78056 0,157 

16 125,420 (n.a.) * 0,223 124,775 3,71006 0,024 

17 125,040 3,74799 0,064 125,00 3,71679 0,112 

18 125,235 3,75387 0,072 124, 91 3,71411 0,064 

*) Scatter of the results outside tolerance (± 0.2 %) due to residual moisture 

Fig. 4:  Table of timings and viscosities for aircraft fuel at -20 °C, determined using LAUDA PVS and 
automatic cleaning 

The differences in the absolute viscosity values between places 1 and 2 in tests 1 - 8 are due to different 
viscometer constants which may vary by up to 10 % in the case of uncalibrated viscometers. The difference 
disappears after changing to a calibrated viscometer (tests 11 - 18). The results confirm that the accuracy of 
the measurements remains over a long period within the range demanded by ASTM 445. 

Conclusion 

The configuration of the LAUDA Processor Viscosity System as described here greatly simplifies the 
practical performance of viscosity measurements at very low temperatures as required in the quality control 
of jet fuels to ASTM D 1655 and of turbine lubricants to ASTM D 2532. The measurement and the automatic 
cleaning of the viscometers are performed sequentially without any interval inside the thermostat. The labor-
intensive removal of viscometers for cleaning and filling is avoided, together with the appreciable waiting 
periods while the viscometers are brought to the correct temperature. This new procedure has been made 

6
LAUDA DR. R. WOBSER GMBH & CO. KG  •  Pfarrstraße 41/43  •  97922 Lauda-Königshofen  •  Germany 
Tel: +49 (0)9343 503-0  •  Fax: +49 (0)9343 503-222  •  Internet: www.lauda.de  •  Email: info@lauda.de 



  The right temperature worldwide 
 

 

 

LAUDA TecInfo Viscometry No 3 Page  

possible through the combination of LAUDA high-power thermostats and through-flow chillers as well as the 
user-friendly control and evaluation software under WINDOWS. 

Configurations 

Number Component Cat. No. 

1 Control unit PVS ½ LMV 812 
2 Stands S 5 LMVZ 948 
1 Rinsing module VRM 3 LMR 910 
1 Mounting set for VRM on PVL 15  LMRZ 904 
2 Connecting set 1 (incl. sample lock and tubing to VRM) LMRZ 909 
1  Thermostat PVL 15C LCD 0283 
1 RS232/485 Interface (to communicate with TEMP-DLL) LRZ 913 
1 Software module TEMP-DLL (to control measuring temperature) LDVM 4023 
1 Cover plate D 15 V LTZ 045 
1 Through-flow chiller DLK 45 LiBus (down to -40°C)  LFD 111 

3m Insulated Silicone tubing LZS 007 
2 Low-temperature conversion set LMVZ 950 
2  Ubbelohde-Viscometers for ON-LINE rinsing (e.g. Type IIc) EGV 934 
1 Cold trap (for air drying) LMRZ 915 
1 Filters for cleaning solvent UD 404 
1 Bottle for solvents and samples disposal, 2 l EG 059 
1 Storage bottle for rinsing solvent dried by molecular sieve, 1 L,  EG 058 
1 Computer (PC Pentium or above) LMC 001 

Fig. 5:  Components for a low-temperature viscosity measurement configuration for 2 places down to 
-40 °C. With this version also the viscosity / temperature dependence can be measured 
automatically.  

 

Number Component Cat. No. 

1 Control unit PVS 1/4  LMV 813 
4 Stands S 5 LMVZ 948 
2 Rinsing modules VRM 3 LMR 909 
1 Mounting set for VRM at PVL 24  LMRZ 904 
4 Connecting set 1 (incl. sample lock and tubing to VRM ) LMRZ 909 
1 Thermostat PVL 24  LCD 1275 
1 Cover plate D 20 V LTZ 046 
1 Cooling unit RP 890 LCK 1897 

3m Insulated Silicone tubing LZS 007 
4 Low-temperature conversion set LMVZ 950 
4 Ubbelohde-Viscometers for ON-LINE rinsing (e.g. Type IIc) EGV 934 
1 Cold trap (for air drying) LMRZ 915 
1 Filters for cleaning solvent UD 404 
1 Bottle for solvents and samples disposal, 2 l EG 059 
1 Storage bottle for viscometer rinsing solvent, 1 L EG 058 
1 Computer (PC Pentium or above) LMC 001 

Fig. 6:  Components for a low-temperature viscosity measurement configuration for 4 places down  
to -60 °C. 
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