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A new Viscosity bath has been entered the services in Thermal Metrology Laboratory-National
Institute for Standards, NIS-Egypt in order to use in maintain and extend the national viscosity
scale in wide temperature ranges, international comparison and routine calibration of viscometers.
The medium of the bath should be homogenous enough in temperature so many thermal factors
taken into account to estimate the temperature gradient, homogeneity, stability and thermal
profile distribution with the related uncertainty to each parameter. The study carried out by two
Standards Platinum Resistance Thermometer (SPRT) calibrated at fixed point according to

Copyright © 2015 Mohy et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCATION

Viscosity laboratory decided to extend the national viscosity
scale in low temperature range down to -30°C, new viscosity
bath works with low temperature range using dry denatured
ethanol is used as the bath medium because its property to
absorb moisture from the atmosphere is removed from it. The
oil bath model Koehler LKV4000 low temperature kinematic
viscosity bath contains several upper holes to receive four
viscometers at the same time, there isan additional small hole
to insert the Standard Platinum Resistance Thermometers
(SPRTs) to measure the temperature variation during the
viscosity measurements. The cooling unit within the bath
stabilize the bath temperature to desired setting within
+0.02°C. The bath is filled with approximately 14L of ethanol
as a medium to put inside it the viscometers in order to
calibrate glass viscometer under test with references known
oils or even known viscometers with unknown oils under test.
the main target is realize the kinematic viscosity tests with
glass capillary viscometers according to the ASTM D445
(ASTM, 1992) test method and related test specifications.
The SPRTs SN 234, 247 has been calibrated at fixed point
according to ITS-90 (Preston-Thomas, 1990).
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Experimental arrangement

The bath filed with 14L of ethanol then the SPRTs have been
inserted into the medium at different positions and levels. Five
levels taken into the account from the top side down to the
bottom separate equally from each other’s, at each level the
thermometer inserted in five positions as four at the corners
and one at the center of the level as shown in Figure 1. So,
twenty five position introduced into the study at each
temperature set point, the range of interest is from -30 °C up to
10 °C. The measurements carried out at -30°C, -20°C, -10 °C
and 10 °C. The two SPRT connected at the same time to
resistance bridge model ASL F700 conjugated with standard
resistor and the measuring system connected to PC working
under LABVIEW environment.

Metrological Characterizations

Homogeneity is the main parameter should be studied to
optimize and establish a suitable uniform medium realize the
National Viscosity Scale. In order to find a closed value to the
homogeneity as possible, thermal gradient taken into account
and observed as a change of a temperature readings of a
thermometer according to a change of its position inside a
calibration bath (Pornpatkul, 2012). Basic gradients that can
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be observed are vertical and horizontal gradient but sometimes
more appropriate to define axial and a radial gradient.
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Figure 1. Schematic diagram of levels and position distribution

Table 1. Temperature distribution measurements using

SPRT SN 234

L Temperature(TE)" SPRT 234

1 P T -30.00 -20.00 -10.00 10.00
1 (TH)  -30.00138  -20.02123  -10.02138  10.02811
2 (TH) 3000149  -20.02127  -10.02154  10.02823
3 (TH)  -30.00152 2002129  -10.02167  10.02841
4 (TH)  -30.00144  -20.02139  -10.02172  10.02852
5 (TH)  -30.00131 -20.02156  -10.02183  10.02857

2 P T -30.00 -20.00 -10.00 10.00
1 (TE)  -30.00121  -20.02134 -10.02136  10.02822
2 (Tk) 3000124 2002156 -10.02176  10.02847
3 (TH)  -30.00157  -20.02144  -10.02149  10.02833
4 (TE)  -30.00156 -20.02165  -10.02159  10.028342
5 (TE) 3000192  -20.02154 -10.02158  10.02897

3 P T -30.00 -20.00 -10.00 10.00
1 (TE)  -30.00198  -20.02183 -10.02222  10.02865
2 (TE)  -30.00204  -20.02194 -10.02234  10.02860
3 (TH)  -30.00213  -20.02211  -10.02256  10.02880
4 (TE)  -30.00209  -20.02256 -10.02277  10.02832
5 (TE)  -30.00221 -20.02252  -10.02281  10.02854

4 P T -30.00 -20.00 -10.00 10.00
1 (TH)  -30.00202  -20.02238 -10.02321  10.02910
2 (TkH  -30.00218  -20.02241  -10.02333  10.02930
3 (TH)  -30.00232 -20.02244  -10.02345  10.02949
4 (THH  -30.00241 20.02253  -10.02377  10.02961
5 (THY  -30.00221 -20.02259  -10.02281  10.02983

5 P T -30.00 -20.00 -10.00 10.00
1 (TE)  -30.00265  -20.02244  -10.02312  10.03017
2 (TE)  -30.00273  -20.02257 -10.02319  10.03032
30 (TE)  -30.00279  -20.02269  -10.02341  10.03048
4 (TE)  -30.00281  -20.02274  -10.02369  10.03069
5 (TE) 3000280  -20.02272  -10.02389  10.03083

Uncertainty contribution of an axial gradient is determined as
maximum temperature difference between two different
positions in axial direction. The radial gradient is a maximum
temperature difference between two different positions in a
radial direction. So, three thermal factors were discussed as
follows;

Thermal profile distribution

Consider that the temperature Tﬁ;,‘ denotes to the temperature
at level Lx and position Py, the two SPRT measure the
temperature at different positions and levels as shown in
Table 1 and 2.

Table 2. Temperature distribution measurements using

SPRT SN 247
L Temperature(T5;) SPRT 247
1 P T -30.00 -20.00 -10.00 10.00
1 (TEY  -30.00184  -20.02176  -10.02196  10.02844
2 (TH) -30.00190 -20.02182  -10.02178  10.02867
30 (THY  -30.00201  -20.02174  -10.02181  10.02843
4 (TH) -30.00199  -20.02191  -10.02190  10.02887
5 (TH)  -30.00188  -20.02185  -10.02198  10.02889
2 P T -30.00 -20.00 -10.00 10.00
1 (T¥) -30.00170  -20.02158  -10.02176  10.02860
2 (TX) -30.00178 -20.02174 -10.02181  10.02866
3 (T)  -30.00198  -20.02179  -10.02189  10.02895
4 (TE) -30.00192  -20.02168  -10.02197  10.02887
5 (TE) -30.00197  -20.02194  -10.02191  10.02893
3 P T -30.00 -20.00 -10.00 10.00
1 (T¥) -30.00214  -20.02196  -10.02285  10.02897
2 (TE) -30.00243  -20.02218  -10.02239  10.02914
3 (TE)  -30.00258  -20.02254  -10.02263  10.02945
4 (TE) -30.00278  -20.02279  -10.02279  10.02976
5 (TE) -30.00292 2002289  -10.02289  10.028
983
4 P T -30.00 -20.00 -10.00 10.00
1 (THy  -30.00219  -20.02213  -10.02253  10.02945
2 (TH)  -30.00234  -20.02229  -10.02274  10.02968
3 (Tk) -30.00256  -20.02237  -10.02281  10.02979
4 (THy  -30.00289  -20.02259  -10.02289  10.02987
5 (TH)  -30.00299  -20.02287  -10.02292  10.02999
5 P T -30.00 -20.00 -10.00 10.00
1 (TE)  -30.00398  -20.02368  -10.02389  10.03633
2 (TE) -30.00421  -20.02382  -10.02417  10.03651
30 (TE)  -30.00437  -20.02397  -10.02444  10.03723
4 (TE) -30.00461  -20.02418  -10.02464  10.03820
5 (TE) -30.00482  -20.02479  -10.02492  10.03915

*<> brackets indicates to the average
Temperature Stability

The stability of the bath shows lower variation within the
regulation specification of the bath. The fluctuation was
monitored at different positions and levels as shown in
Figure 2 for SPRT SN-234 at setting point -10.0°C. The
stability calculated at each level in the center point for
continuous several hours (Ghazanfar, 2013).
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Figures from 3to 10 show the temperature gradient due to
thermometer depths through five levels at different setting
points for SPRTs SN 234 and SN 247.

Figure 6. Thermal axial gradient at -20.0 °C for SPRT SN 247.

-10.0209

-30.001- TR
1 LO
30,0012 g ‘ P2 (¥
30.0014- 2 -10.0215- X ii
L
-30.0016- X i +
E9 | 1o i 3 : P5 [ 9
& 30.0018- g X
= | x
< 30002] ° E g 3 -10.0225 -] t
5 £ 5
E"SO'UUM’ o o g 10,023 S
® o
& 30.0024- iz g
~30.0026- s -10.0235+ ﬁ
I 0.0002 °C 0.0005°C
00028 8 -10.024-
-30.003
-30.0032- . . . : -10.0246" : : : : :
1 2 3 4 5 1 2 3 4 5
Level Level
. . . (1}
Figure 3. Thermal axial gradient at -30.0 °C for SPRT SN 234. Figure 7. Thermal axial gradient at -10.0 °C for SPRT SN 234.
= 3
) P2 b ¥
-30.0015 | P3 -10.0209 e
a P4 P2 o ¥
002 . a Ps 110.0215- i
D i a
E -30.0025 e 5 >< 10,0224 o 11:;
= i
£ 3000 o a & © -10.0225- ¥ e
£ 30.0035- . E o p
& g E -10.023- o
-30.004-| g
£ 10.0235 2
-30.0045 | ] g 8
Io.nons °C = 10,0244
-30.005 ] 3
-10.0245-
-30.00s61— ; : . : | I 0.0005 °C
1 2 3 4 5 -10.025-
Level
-10.0256-— ‘ ; . ;
Figure 4. Thermal axial gradient at -30.0 °Cfor SPRT SN 247. 1 2 3L : 4 3
eve

Figure 8. Thermal axial gradient at-10.0 °C for SPRT SN 247.



3320 Mohy et al. Performance study and thermal profile characterization of low temperature viscosity bath in different temperature ranges

10.0331- 20,0147+ =
10.0325- -20.016- L2
10.032- 20.017- 15
10.0315+ -20.018 IU'OOI = L4

g 10.031- L -20.019- Ls

g

E 10,0305 & " o200

5} =

& 1003 £ g 200214 g " 5 .

5 i s e 2 _20.022-{%

£ 10.0295 o g 5 X % ¥
gt i E20.023-

2 i § -20.024-
10.0285- I + b
0.0005 °C -20.025-
10.028- s
10.02747 ]
: : ; i ‘ 20,0271, . \ w -
1 2 3 4 5 : ! £ 5
Level Positions
. . . 0

Figure 9. Thermal axial gradient at 10.0 °C for SPRT SN 234. Figure 13. Thermal radial gradient at -20.0 °C for SPRT SN 234.
10.0398 1 20.0172-
w.038 © P2 b3 20.018- S

+ P3 N

x . |
10.036 @ i T Io.om °c L
P5 (Y 20.02- ia

£ 10.034- E

B E -20.021- s L9

-

g_ 10.032 = *20-022’g 2 ; & U

L)
g & 2 20.023- % *
& 10.03- £ e N
g & -20.024- o ”
10.028-| l ¥ 20.025-] o
0.002°C
10.026- 20.026
10.0245-, : : : ‘ -20.027-
1 2 3 4 5 20.0278-- . ; . ‘
Level 0 1 2 3 4 4
Positions

Figure 10. Thermal axial gradient at 10.0 °C for SPRT SN 247.
Figure 14. Thermal radial gradient at -20.0 °C for SPRT SN 247.
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In order to calculated the thermal gradient which define from
the following equation

T = 6T N 6T + 6T
T 6x 8y 6z

The study was carried out on two dimensions vertical and
horizontal.

The axial thermal gradient = 0.014.
The Radial thermal gradient = 0.012.

Uncertainty Estimation

The combined standard uncertainty of a measurement result is
taken to represent the estimated standard deviation of the
result. It is obtained by combining the individual standard
uncertainties v;, whether arising from Type A and Type B
evaluation (GUM, 1995).

we(y) = Zi uf ()(Q2)

Combined uncertainty calculated from

2
_ 2 2 2 2 2 2
U. = JuSt tUpg t Ul T Uce tUTp T URE

Table 3. Uncertainty for a metrology bath with a standard
thermometer as the readout

Uncertainty Contributors Symbol Unc(ir(t:a;mty
Stability Us; 0.015
Radial uniformity URa 0.012
Axial uniformity Uax 0.014
Reference SPRTs calibration certificates Ucc 0.001
Thermometry Bridge urs 0.00027
Heat Flux from ambient Upr 0.0022
Combined Standard Uncertainty (Uc) 0.023894
Expanded Uncertainty (k=2) 0.047788

Conclusion

An intensive work was carried out on studying the new
metrological viscosity bath to realize the national viscosity
scale in wide temperature ranges. The results show that the
bath worked with stability better than 0.015 °C. Thermal
profile distribution achieved by two SPRTs calibrated at ITS-
90 to calculate the thermal gradient homogenty. Thermal axial
and radial gradient equivalent to 0.014 °C and 0.012 °C
respectively.
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