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Table Al : Physical properties of lubricating base oils
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: ASTM 150 SN
Properties
method A B C E G P T
Viscosity @25 C ,cSt D-445 5990 6085 61.15 60.50 5812 5836 58.30
Viscosity @40 C,cSt  D-445  29.54 3004 30.11 2990 2896 2908 29.04
Viscosity @100°C,cSt  D-445 513 522 522 521 512 513 5.14
Viscosity index D-2270 1014 1025 1033 1041 1048 1046 1055
Density @30 C,kg/l D-4052 0.8600 0.8618 0.8619 0.8600 0.8602 0.8577 0.8581
Flash point, C D-92 222 220 226 214 230 222 212
Pour point, C D-97 60 90 60 90 90 -60 -60
ASTM 500 SN
Properties
method A B C G P T
Viscosity @25 C ,cSt  D-445 220.53 22330 22718 227.14 23571 236.32
Viscosity @40 C, cSt  D-445 9338 9414 9560 9555 9883 99.12
Viscasity @100°C,cSt  D-445 1077 1080 10.85 10.86 11.03 1113
Viscosity index D-2270 98.6 981 970 972 959  97.1
Density @30°C, kg/l  D-4052 0.8739 08770 0.8788 08770 0.8761 0.8759
Flash point, 'C- D-92 262 270 260 268 274 262
Pour point, °C D-97 60 90 90 -120 90 -60
ASTM 150 BS
Properties
method A B C D J | T
Viscosity @25°C ¢St D~445 1341.04 1446.83 1444.68 1375.51 1462.51 1333.04 1372.11
Viscosity @40 C, cSt  D-445  459.53 490.46 489.71 472.53 498.85 459.64 470.52
Viscosity @100 C,cSt D-445 30,65 31.88 3178 31.36 3191 3050 31.24
Viscasity index D-2270 962 959 956 967 948 957  96.6
Density @30°C,kg/l D-4052 0.8914 08951 0.8951 0.8920 0.8951 0.8919 0.8927
Flash point, °C D-92 316 324 320 320 318 314 3120
Pour point, C D-97 60 90 90 -120 90 60 -6.0
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Table A2.] : Kinematic viscosities and the parameters of the individual lubricating base oils and their biends at three temperatures.

Composition (weight fraction)  Kinematic viscosity (cSt) Correlation parameters

Blend number 3 5 3 T
Xy Xy Xy 25C 490C 100C a b r

Lubricating oils
L:a 1 0 0 5990 2954 5.13 -8.00 3588.05 09972
M:A 0 1 0 220.53 9338 10.77 -9.47 441247 09975
H:A 0 0 1 1341.04 459.53 30.65 -11.41 552426 09977
Two component blends
Al 0.75 0.25 0 81.15 3872 6.14 -8.31 377020 09973
A2 0.50 0.50 0 11162 51.17 7.37 -8.66 3968.67 0.9973
Al 0.25 0.75 0 156,11  68.60 8.84 -9.08 4193.79 0.9973
Ad 0.75 0 0.25 117.00  53.71 7.67 -8.65 3980.77 0.9974
AS 0.50 0 0.50 24275 10266 1170 -9.44 443290 0.9976
A6 0.25 0 0.75 541.86 207.88 1851 -10.33 493627 09976
AT 0 0.75 0.25 333.76 13477 13.76 -9.89 4660.35 0.9976
AB 0 0.50 0.50 51687 198.83 17.73 ~10.36 493090 0.9977
A9 0 0.25 0.75 B21.76 299.17  23.30 -10.83 5208.83 0.9976
Three component blends
AlQ 0.25 0.50 0.25 23395 9950 1117 -9.53 4450.65 0.9979
All 0.50 (.25 0.25 163.79  71.80 9.24 -9.05 4198.66 0.9973
Al2 0.25 0.25 0.50 34878 14094 1433 -9.86 4666.18 0.9976
Al 0.375 0375 025 19400 8336 10.16 -9.25 4307.88 0.9973
Al4 0.375 025 0375 23545 9978 1142 -9.44 442382 0.9976
AlS 0.25 0375 0375 283.67 11717 1265 -9.67 454578 09976
Al6 0333 0333 0333 23508 9970 11.35 -9.47 443149 0.9977

Table A2.2 : Linear parameters obtained from experimental and prediction

Experimental Prediction

Biend number  x; 3 E]

c d r p q r ¢ d P q
Two component blends
L-M X -847.18 4401.14 0.9987 1.54 -9.45 0.9973 -824.42 441247 147 -9.47
L-H X -1911.00 540548 0.9990 3.36 -11.15  0.9988 -1936.21 552426 3.41 ~11.41
M-H X -1096.96 5481.84 0.9999 1.88 -11.30 1.0000 -1111.79 552426 1.94 ~11.41
Three component blends (first type)
(A8)-L X, -1389.30 4893.52 1.0000 249 -13.29 09999 -1380.32 4968.36 2.44 ~10.44
(A5)-M Xpg 108.39 4396.19 09974 -0.36 -9.35 1.0000 -143.69 4556.16 023 9.7
{A2)-H Xy 142918 395258 0.9998 =242 -B.65 0.9990 1524.00 4000.26 - -2.68 -8.74
Three component blends (second type)
{x,,=0.25) x, -1870.08 5130,83 0.9995 324 ~10.66 0.9995 -1936.21 5246.31 3.41 -10.93
(x,=0.25) Xy -1007.96 4697.05 0.9941 1.92 -10.00 0.9908 -824.42 469042 1.47 -9.:96

{x,=0.25) L -B62.12 4877.50 0.9954 . 132 -10.18 09924  -1111.79 504021 194 -10.I56
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Table A3.1 : Kinematic viscosities and the parameters of the individual lubricating base oils and their biends at three temperatures.

Composition (weight fraction)  Kinematic viscosity (cSt) Corrclation parameters

Blend number - > 5 3

X Xy Xy 25C 40C 100C a b r
Lubricating oils
L:B 1 0 0 60.85 30.04 5.22 -7.97 358590 0.9972
M:B 0 1 0 223.30 94.14 10,80 -9.50 4425.B8 0.9975
H:B 0 0 1 1446.83 49046  31.88 -11.51 557754 09976
Two component biends
Bl 0.75 0.25 0 8244  39.24 6.19 -8.33 378127 0.9973
B2 0.50 0.50 0 113.17 5443 7.41 -8.74 400479 0.9990
B3 0.25 0.75 0 15791  69.29 B.87 -9.11 4206.00 09974
B4 0.75 0 0.25 123.19  56.37 7.92 -8.70 401035 0.9975
B5 0.50 0 0.50 25479 10729  12.06 948 445977 09977
B6 0.25 0 0.75 576.07 220.60  19.08 -10.43 498471 09978
B7 0 0.75 0.25 34167 14278  13.87 <999 4701.31 0.9987
B8 0 0.50 0.50 53724 20539 1811 -10.41 4955.82 0.9976
B9 0 0.25 0.75 865.52 313.76 23.90 -10.92 5245.04 09977
Three component biends
B10 0.25 0.50 0.25 237.63 10020 1131 -9.52 445160 09976
Bl! 0.50 0.25 0.25 167.77  73.55 9.38 -5.07 4213.01 0.9974
Bl2 0.25 0.25 0.50 366,67 14784  14.68 -9.95 470646 09978
B13 0375 0375 025 20366 B7.80 1046 -9.30 4340.57 0.9977
Bl4 0.375 025 0375 246,50 101.40 © 11.8] 9.43 4429.31 0.9966
B15 0.25 0375 0375 293.69 12160 12.88 -9.72 4573.57 0.9978
Bl16 0.333 0.333 0333 242.88 10060  11.62 “9.46 4434.84 0.9969
.Table A3.2 : Linear parameters obtained from experimental and prediction

Experimental Prediction

Blend number X; b 3

c d r ] q r ¢ d ] q
Two component blends
L-M X, -849.46 442208 0.9991 1.56 -9.51 0.9991 -839.98 442588 1.53 -9.50
L-H Xy -1948.72 545930 0.9980 3.46 -11.27 0.9968 -1991.64 5577.54 3.54 -11.51
M-H Xpg -1095.46 551645 0.9983 1.86 -11.37 09969  -1151.66 5577.54 2.01 -11.51
Three component blends (first type)
(B8)-L X -1425.81 4921.86 0.9965 2.56 -10.34 0.9941 -1415.81 5001.71 2.54 -10.51
(B5)-M Xpq 90.77 4405.8]1 0.9917 -0.36 -9.34 1.0000_ -155.84 4581.72 024 -9.74
(B2)-H Xy 1487.05 3957.13 09934  -2.65 -8.61 0.9913 1571.65 400589 -2.78 -8.74
Three component blends (second type)
(x,, = 0.25) X -1973.80 5189.77 0.9950 3.52 -10.80 0.9891 -1991.64 5289.62 3.54 -11.01
(xH=0.25) XL ~954,36 4692.95 0.9984 1.80 -9.97 0.9998 -839.98 4713.80 1.53 -10.00
(x,=0.25) Xp -1019.44 4959.50 0.9994 1.72 -10.38 0.9984 -1151.66 5079.63 2.01 ~10.63
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Table A4.1 ; Kinematic viscosities and the parameters of the individual lubricating base oils and their blends at three temperatures.

Composition (weight fraction)  Kinematic viscosity (cSt) Correlation parameters

Blend number = = = Y
X, X Xy 25C 40C 100C a b r

Lubricating oils
L:C 1 0 0 61.15  30.11 522 -1.99 3592.52 09972
M:C 0 1 0 227.18  95.60  10.85 ~9.55 4445.13 0.9975
H:C 0 0 1 144468 489.71 31.78 -11.52 5580.16 0.9977
Two component blends
Cl 0.75 0.25 0 83.10 3943 6.23 -8.32 3782.23 0.9972
C2 0.50 0.50 ] 11404 52,12 7.42 -8.71 3990.67 0.9973
C3 0.25 0.75 0 160.09  70.24 B.89 -9.16 4224.24 09975
C4 0.75 0 0.25 120.56  55.00 7.75 «8.72 4009.10 0.9974
C5 0.50 0 0.50 25458 107.07  12.02 -9.49 4463.17 09976
C6 0.25 0 Q.75 576.09 219.98 19.06 -10.43 4985.09 0.9978
c7? 0 0.75 0.25 34691 13990 14.00 -9.96 4693.83 09977
C8 0 0.50 0.50 543.87 207.30 18,18 -10.44 4967.81 0.9976
c9 0 0.25 0.75 868.56 31639  24.00 -10.91 5250.27 0.9979
Three component blends
Clo 0.25 0.50 0.25 240.10 100.84 11.43 -9.51 444938 0.9975
Cll 0.50 0.25 0.25 168.86  74.17 9.41 -9.08 4219.16 0.9975
Ci2 0.25 0.25 0.50 36575 14686  14.73 -9.91 4695.06 09976
Cl13 0.375 0.375 0.25 202.90 87.26 10.47 «9.28 4331.92 09975
Cl4 0.375 025 0375 247.03 10240 11.85 -9.43 443098 0.9969
Cls 0.25 0375 0375 29835 122.68 13.02 -9.72 4578.17 0.9976
Cl6 0333 0333 0333 24642 102.02 1L.76 -9.45 4438.61 0.9969

Table A4.2 : Linear parameters obtained from experimental and prediction

Experimental Prediction

Blend number  X; 3 ¥
¢ d r P q r c d P q

Two component blends '
L-M X, -884.02 4441.05 0.9989 1.68 -9.57 0.9983 -852.61 444513 1.56 -9.55
L-H X, ~1951.98 5461.78 0.9984 342 -11.26 09967  -1987.64 5580.16 13.53 -11.52
M-H xy  -1112.88 5527,07 0.9999 1.90 -11.38 10000  -1135.03 5580.16 1.97 «11.52
Three component biends (first type)
{C8)-L X, -1418.45 4924.04 0.9959 2.51 -10.32 09897  -1420.13 5012.65 2.55 -10.54
(C5)-M Xy 72.29 4413.56 09913  -0.33 -9.35 0.9920 -141.21 458634 0.20 -9.76
(C2)-H Xy 1464.54 3959.83 09982  -2.55 -8.62 0.9954 1561.34 4018.83 -2,75 -8.77
Three component biends (second type)
(x,,=0.25) Xp -1903.60 5162.25 0.9960 332 -10.72 0.9%919 -1987.64 529640 3.53 -11.03
(x;=0.25) X -920.88 4673.82 0.9999 1.72 -9.93 0.9984 -852.61 4728.89 1.56 -10.04

(x,=0.25) Xy -982.72 494272 0.9992 1.60 -1031 09992  -1135.03 508325 1.97 -10.64
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Table A5.1 : Kinematic viscositics and the parameters of the individual lubricating base oils and their blends at three temperatures.

Composition (weight fraction)  Kinematic viscosity (cSt) Correlation parameters

Blend number 5 2 ) ~—7
X, Xy Xy 25C 40C 100C a b r

Lubricating oils
L:B 1 0 0 60.85  30.04 5.22 <797 358590 0.9972
M:B 0 1 0 223.30 94.14 10.80 ~9.50 442588 0.9975
H:D 0 0 1 137551 47253 3136 «11.40 552941 0.9977
Two component blends
D1 0.75 025 0 82,44 39.24 6.19 -8.33 3781.27 09973
D2 0.50 0.50 0 113.17  54.43 741 -8.74 4004.79 09990
D3 0.25 0.75 0 15791  69.29 8.87 -2.11 4206.00 09974
D4 0.75 0 0.25 11940  54.80 7.77 -8.67 399241 09975
D5 0.50 0 0.50 24822 10465 11.89 -9.45 444130 09976
Dé 0.25 0 0.75 556.75 21394 1882 -10.36 4953.80 0.9978
D7 0 0.75 0.25 339.14 137.05  13.87 -2.96 4673.54 0.9977
D8 0 0.50 0.50 527.67 202,77 1197 -10.38 494195 0.9977
D9 0 0.25 0.75 B40.35 30640 23.63 -10.86 5222.81 0.9978
Three component blends
D10 0.25 0.50 0.25 236.74 10452 1142 -9.51 445196 0.9989
D11 0.50 0.25 0.25 16625 7324 9.36 -9.05 420420 0.9975
D12 0.25 0.25 0.50 35741 14469 1459 -9.88 4677.36 0.9977
D13 0.375 0375 025 196,96 8506 1027 -9.26 4317.26 0.9976
Dl4 0.375 0.25 0375 23802 10520 11.65 -9.43 4429.25 (.9988
D15 0.25 0375 0375 292,12 12950 13.15 9.67 4564.29 0.9993
D16 0.333 0.333 0333 23746 10497  11.57 -9.46 4436.57 0.998R

Table AS.2 : Linear parameters obtained from experimental and prediction

Experimental Prediction

Blend number X, 3 3

c d r r q r ¢ d P q
Two component blends
L-M X, -849.46 4422.08 0.9991 1.56 <9.51 0.9991 -§39.98 442588 1.53 -9.50
L-H X, -1922.78 5423.89 0.9985 3.38 -11.i18 0.9980 -1943.51 552941 343 -11.40
M-H Xy © -1098.54 549537 0.9998 1.88 -11.32 09998  -1103.53 5529.41 1.90 -11.40
Three component blends (first type)
(D8)-L A -1433.31 4919.11 0.9994 2.48 -1029 0.9999  -1391.75 4977.65 248 -10.45
(D5)-M Xy 91.03 440640 05999  -0.32 -9.35 09977 -131.78 4557.66 0.19 -9.69
(D2)-H Ay 1440.61 3957.00 1.0000  -2.49 -8.64 0.9999 1523.52 400589 -2.67 -8.74
Three component blends (second type)
(x,,=0.25) x,  -1892.64 5146.68 09992 332 -10.70 09976  -1943.51 5253.53 3.43 -1092
(x;, = 0.25) X -991.04 4696.11 0.9975 1.84 -9.96 0.9975 -839.98 4701.76 1.53 -9.98

(x, =0.25) Xp -901.60 4902.64 1.0000 1.48 -10.24 09939  -1103.53 5043.53 1.90 -10.54
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Table A6,1: Kinematic viscosities and the pMcMs of the individual lubricating base oils and their biends at three temperatures,

Composition (weight fraction)  Kinematic viscosity (cSt) Correlation parameters

Blend number ry o r 7

Xy Xy Xy 25C 40C 100C a b r
Lubricating oils
L:E 1 0 0 60.50  29.90 5.21 -7.96 358027 09972
M:C 0 1 0 22718 9560 1085 -9.55 4445.13 09975
H:C 0 0 1 144468 489.70 31.78 -11.52 5580.16 0.9977
Two component blends
El 0.75 0.25 0 8235 3944 6.19 -8.33 378246 09976
E2 0.50 0.50 0 113.52 51.93 7.39 -8.71 399027 09974
E3 0.25 0.75 0 159.18  69.93 8.92 -9.11 421037 09974
E4 0.75 0 0.25 118.88  54.49 7.75 -8.66 3988.93 0.9974
ES 0.50 0 0.50 25046 10534  11.87 -9.49 4457.18 0.9976
E6 0.25 0 0.75 56890 21792 1896 -10.41 4974.94 0.9978
E?7 0 0.75 0,25 34691 13990 1400 -9.96 4693.83 0.9977
E8 0 0.50 0.50 = 54387 20730 18.18 -10.44 4967.81 0.9976
E9 0 (.25 0.75 868.56 31639 24.00 -10.91 525027 0.9979
Three component blends '
El0 0.25 0.50 0.25 23873 106.82 11.54 -9.51 445499 0.9992
Ell 0.50 0.25 0.25 16780 73.71 9.38 -9.07 4214.24l 0.9975
El2 0.25 0.25 0.50 363.88 14702 1472 -9.90 4690.91 09978
EI3 0.375 0375 025 199.14  B586 1031 -9.28 4327.84 09976
El4 0.375 025 0375 24420 10790 11.94 -9.41 4430.78 0.9988
El5 0.25 0375 0375 295.09 121.04 13.00 -9.68 456191 09974
El6 0.333 0.333 0333 243.04 107.07 11.82 -9.44 443790 0.9988
Table A6.2 ; Linear parameters obtained from experimental and prediction

Experimental Prediction

Blend number  x; ) )

e d r P q r ¢ d P q
Two component blends ‘
L-M X, -855.82 442227 0.9997 1.56 -9.49 '(0.9998 -864.86 444513 1,59 -9.55
L-H XL -1972.02 5459.69 0.9992 3.50 -11.27 0.9991  -1999.89 5580.16 3.56 -11.52
M-H Xy -1112.88 5527.07 0.9999 1.90 -11.38 1.0000  -1135.03 5580.16 1.97 -11.52
Three component blends (first type)
(E8)-L X ~1383.27 4504.04 0.9992 241 -10.27 09952  -1432.38 5012.65 2.58 -10.54
(ES}-M Xy 97.63 440598 0.9983  -0.40 -9.31 09988 -135.09 4580.22 0.19 -9.74
(E2)-H Xy 1461.33 3958.01 0.9990 -2.52 -8.63 0.9935 1567.46 401270 -2,77 -8,76
Three component blends (second type)
(x, = 0.25) %, -1906.68 516032 0.9972 332 -10.71 09892  -1999.89 529640 3.56 -11,03
(x; = 0.25) XL <963.00 4693.48 0.9989 1.76 -9.95 0.9993 -864.86 472889 1.59 -10.04
(x, = 0.25) Xy -943.68 4923.15 0.9971 L.56 -10.28 0.9946  -1135.03 5080.19 1.97

-10.63 -
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Table A7.1 : Kinematic viscosities and the parameters of the individuai lubricating base oils and their blends at three temperatures.

Composition (weight fraction)  Kinematic viscosity (cSt) Correlation parameters

Blend number 2 ) o 2
X Xy Xy 25C 40C . 10C a b r

Lubricating oils
L:E 1 0 0 60.50 29.90 5.21 <796 358027 0.9972
M:C 0 1 0 227.18 95.60 10.85 -9.55 4445.13 0.9975
H:D 0 0 1 137551 47253  31.36 -11.40 552941 0.9977
Two component blends
Fl 0.75 0.25 0 B2.35 39.44 6.20 -8.32 3779.88 09975
F2 0.50 0.50 0 113.42 5193 7.41 -8.70 398497 09973
F3 0.25 0.75 0 159.18  69.93 8.92 -9.11 421037 09974
F4 0.75 0 0.25 119.02  54.49 7.74 -8.67 399232 0.9974
F5 0.50 0 0.50 248,01 10437 1181 -9.48 4449.86 09976
F6 0.25 0 0.75 55622 21321  18.77 -10.37 495536 0.9977
F7 0 0.75 0.25 34482 13884 1398 -9.94 468572 09976
F8 0 0.50 0.50 53439 20491 18.11 -10.39 4948.74 0.9977
F9 0 0.25 0.75 84586 30742 23.78 -1085 522162 0.9977
Three component blends '
F10 0.25 0.50 0.25 23712 10308 1139 -9.51 4451.38 09985
Fl11 0.50 0.25 0.25 166.77 73.29 9.36 -9.06 4208.03 0.9974
F12 0.25 0.25 0.50 359.68 14505  14.60 -9.89 4684.55 09977
F13 0.375 0375 0.25 197.94 8538 10.28 -9.27 4323.05 0.9976
Fl4 0.375 0.25 0375 241.84 101.96 11.69 -9.43 4426.81 0.9975
Fi5 0.25 0375 0375 291,02 119.86 12.87 -9.68 4557.73 09976
Fl16 0.333 0333 0333 240.77 101.38 11.57 -0.46 4435.60 0.9975

Table A7.2 : Linear parameters obtained from experimental and prediction

Experimental Prediction

Blend number  x; i 7

¢ d r p q r c d P q
Two component blends '
L-M X -860.98 442223 0.9993 1.58 -9.50 0.9995 -864.86 444513 1,59 -9.55
L-H X, -1926.08 5428.88 0.9992 3.40 -11.20 09993 -1945.14 552041 3.44 -11.40
M-H X, - -1071.80 548792 0.9999 1.82 -11.30 1.0000  -1084.28 5529.41 1.85 -11.40
Three component blends (first type)
(F8)-L X -1393.59 4903.54 0.9996 247 -10.29 09993  -1407.00 4987.22 252 ~10.48
(F5)-M Xy 97.73 440265 09992 032 -9.35 0.9971 -109.71 4554.84 0.13 -9.68
(F2)-H Xy 1452.45 395673 0.9995  -2.49 -8.64 0.9992 1516.71 4012.70 -2.65 -8.76

Three component blends (second type)
(x,,=0.25) X -1906.08 5154.58 0.9978 332 -10.71 09961  -1949.14 525834 3.44 -10,94
(%, = 0.25) X, -973.40 469251 0.9990 1.80 -9.95 0.9985 -864.86 471620 1.59 -10.01

(x, =0.25) X -932.68 491431 0.9974 1.52 -10.26 0.9963  -1084.28 5042.13 185 -10.54
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Table AR.1 : Kinematic viscosities and the parameters of the individual Jubricating base oils and their blends at three temperatures,

Composition (weight fraction)

Kinematic viscosity (cSt)

Correlation parameters

Blend number

x,  x, x  25C  40°C  100°C a b r
Lubricating oils
L:G 1 0 0 58.12  28.96 5.12 -7.8% 354791 09973
M:G 0 1 0 227.14  95.55 10.86 -9.54 4443.22 0.9975
H:B 0 0 1 144683 49046  31.88 -11.51 5577.54 09976
Two component biends ‘
Gl ‘ 0.75 0.25 0 79.43  38.04 6.10 -8.25 3748.19 0.9973
G2 0.50 0.50 0 111.03  50.92 7.33 -8.66 3969.09 0.9973
Q3 0.25 0.75 0 157.05  69.11 B.88 -9.08 4196.84 0.9974
G4 0.75 0 0.25 11543  53.05 7.65 -8.61 1396392 09973
G5 0.50 0 0.50 245.18 103.14 11.82 -9.42 4430.00 09974
G6 0.25 0 0.75 56326 21526 18.86 -10.39 4966.37 0.9977
G7 0 0.75 0.25 34734 139795 1402 -9.96 469243 09976
G8 0 0.50 0.50 542,84 20781 1823 -10.42 496247 09977
G9 0 - 0.25 0.75 87194 31628 24.00 -10.93 525446 0.9978
Three component blends
Gl0 0.25 0.50 0.25 23898 10312 1145 -9.51 4451.94 0.9983
Gl1 0.50 0.25 0.25 16278 7190 9.23 -9.04 419410 09975
Gl12 0.25 0.25 0.50 35741 14455 14.58 -9.88 4678.00 09977
Gl13 0375 0375 025 19534 8445 1020 +9.26 431549 0.9976
Gl4 0.375 025 0375 246,50 104,75 11.88 -9.43 443529 09978
G1s 0.25 0375 0375 289.63 11973  12.76 -9.71 4565.54 0.9977
Gl6 0.333 0333 0333 24490 103.80 11.75 -9.46 444123 09977
Table A8.2 : Linear parameters obtained from experimental and prediction

: Experimental Prediction

Blend number X 3 3

¢ d r P q r ¢ d J. q
Two component blends
L-M X -897.30 4420.02 0.9999 1.66 -9.49 1.0000 -89531 444322 1,65 -9.54
L-H X, -2004.90 5455.88 0.9984 3.56 -11.25 09973 -2029.63 5577.54 3.62 -11.5]
M-H X -1124.06 5531.81 0.9995 1.94 -11.40 0.9991 -1134.32 5577.54 197 -11.51
Three component blends (first type)
(G8)-L X, -1484,90 4936.34 1.0000 2.66 -1036 09979  -1462.47 501038 2.64 -10.53
(G5)-M Xy 66.24 441891 09992  -0.32 -9.35 0.9977 -119.51 4562.73 0.16 -9.70
(G2)-H Xy 144539 3956.45 0.9997 -2,49 -8.64 09999 1581.98 3995.57 -2.80 -8.72
Three component blends (second type)
(x,,=0.25) Xy -1935.60 5161.65 1.0000 336 -10.71 09983  -2029.63 529396 3.62 -11.02
(xy=025) XL -1031.36 4707.27 0.9989 1.88 -9.97 09986 -895.31 472680 1.65 -10.03
(x, = 0.25) Xt -904.24 49504.25 1.0000 1.48 -10.26 09978 -1134.32 5070.13 1.97 -10.61
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Table A9.1 : Kinemalic viscosities and the parameters of the individual lubricating base oils and their blends at three temperatures.

Composition (weight fraction)  Kinematic viscosity (cSt) Correlation parameters

Blend number - S ) ]
X, Xpq Xy 25C  40C  100C a b r

Lubricating oils
L:G 1 0 0 58.12 2896 5.12 -7.89 354791 0.9973
M:G 0 1 0 227.14 9555 10.86 =9.54 444322 09975
H:D 0 0 1 137551 47253 3136 -11.40 552941 0.9977
Two component biends
H1 0.75 0.25 0 7943  38.04 6.10 -8.25 3174819 0.9973
H2 0.50 0.50 0 111.03  50.92 7.33 -8.66 3969.09 0.9973
H3 0.25 0.75 0 157.05  69.11 8.88 -9.08 4196.84 (0.9974
H4 0.75 0 0.25 11448  52.75 7.62 -8.60 3958.23 0.9974
Hs 0.50 0 0.50 24021 10222 1175 -9.38 441226 0.9977
Hé 0.25 0 0.75 544,14 209.94 18,59 ~10.33 493877 0.9978
H7 0 0.75 0.25 34424 13847 1398 -9.93 468257 09976
H8 0 0.50 0.50 53436 20469 17.97 -10.43 4960.56 0.9977
H9 0 0.25 0.75 84640 30822 23.69 -10.87 5229.62 0.9978
Three component blends .
H10 0.25 0.50 0.25 234.17 10689 1142 -9.51 4455.12 0.9994
H1l 0.50 025 0.25 16236 7161 921 -9.04 419275 09975
Hi2 0.25 0.25 0.50 35247 14245 1446 -9.86 4668.63 0.9976
H13 0.375 0375 025 19428 B385 1021 -9.31 434445 0.9998
Ald 0.375 025 0375 24230 10847 11.84 -9.43 443794 09991
H15 0.25 0375 0375 28643 11805 1272 -9.68 455139 0.9975
H16 0.333 0333 0333 240.00 107.50  11.69 -9.46 4443.33 09991

Tabie A9.2 : Linear parameters obtained from experimental and prediction

Experimental Prediction

Blend number X ) 2

¢ d r P q r ¢ d P q
Two component blends
L-M X, -897.30 4420.02 0.9999 1.66 -9.49 "1.0000 -895.31 444322 165 -9.54
L-H X -1961.08  5416.96 0.9982 346 -11.16 0.9968  -1981.50 5529.41 3.51 -11.40
M-H Xy -1094.10 5504.63 0.9999 1.61 -11.26 09963  -1086.19 5529.41 1.86 -11.40
Three component blends (first type)
(H8)-L X ~1444.07 4917.13 0.9988 2.55 <1032 09998  -14384]1 498632 258 -10.47
(H5)-M X 68.99 4420.56 0.9996  -0.32 -9.35 09977 -95.44 4538.66 0.11 -9.65
(H2)-H Xy 130427 4014.63 0.9991 -2.23 -8.74 09958 15331.85 1399557 -2.69 -8.72
Three component blends (second type)
(x,,=0.25) x, -1903.52 514693 0.9997 3.28 -10.67 09992  -1981.50 5257.86 3.51 -10.94:-
(x, = 0.25) X ~1049.48 4724.33 0.9919 1.88 -9.99 0.9927 -895.31 4714.77 1.65 -10.015

(x, = 0.25) Xo -854,04 4878.64 0.9968 140 -10.21 0.9997  -1086.19 5034.04 1.86 -10.52.




85

Table A10.1 : Kinematic viscosities and the parameters of the individual lubricating base oils and their blends at three temperatures

Composition (weight fraction)  Kinematic viscosity (cSt) Correlation parameters

Blend number S s ) T

X, Xy Xy 25C 40C 100C a b r
Lubricating oils
L:G 1 0 0 5812 2896 5.12 -7.89 354791 09973
M:G 0 1 0 227.14 9555  10.86 -9.54 444322 09975
H:l 0 0 1 1462.51 498.85 3191 -11.56 5596.18 0.9979
Two component blends
Il 0.75 0.25 0 7943  38.04 6.10 -8.25 3748.19 0.9973
J2 0.50 0.50 0 111.03 53.70 733 -8.72 399430 0.9990
13 0.25 0.75 0 157.05  69.11 8.88 -9.08 4196.84 09974
J4 0.75 0 0.25 121.04  57.23 7.86 -8.70 400991 09985
15 050 - 0 0.50 243,68 103.51  11.81 -9.52 4476.92 0.9990
J6 0.25 0 0.75 56173 21534 1888 -10.45 499282 0.9986
17 0 0.75 0.25 34552 149.18 1396 -10.04 472435 09994
8 0 0.50 0.50 543.9¢ 20792 1817 -10.44 497030 0.9977
J9 0 0.25 0.75 860.16 31631 23.93 -1090 524391 0.9981
Three component blends
J10 0.25 0.50 0.25 238.80 9992 11.34 -9.52 4451.56 0.9974
1 0.50 0.25 0.25 16588  72.89 9.35 -9.04 4201.14 09974
J12 0.25 0.25 0.50 358.88 14478 14.53 -9.91 4688.84 0.9977
13 : 0.375 0375 025 19585 8460 1025 -9.25 431146 0.9975
Ji4 0375 025 0.375 241.02 10190 11.65 -9.43 4428.19 09976
15 025 0375 0375 291.42 12024 12.80 -9.72 456948 09977
Jlﬁ. 0.333 0333 0333 23920 10140 11.53 -9.46 4433.88 0.9977
Table A10.2 ; Linear parameters obtained from experimental and prediction

Experimentai Prediction

Blend number  x; ] )

c d r P q r c d P q
Two component blends
L-M . -897.30 4428.43 0.9969 1.66 <90.51 '0.9942 -895.31 444322 1.65 -9.54
L-H X ~1965.83 5476.13 0.9992 3.50 =113t 0.9987  -2048.27 5596.18 3.67 -11.56
M-H Xy -1039.12 5499.08 0.9991 1.72 -11.32 0.9984  -1152.92 5596.18 2,02 -11.56
Three component blends (first type)
(J8)-L X, ~1461.87 4929.23 0.9984 2.69 -10.38 09968  -1471.79 5019.7¢ 2.66 -10.55
{Js)-M Xy 9527 4403.49 0.9907 -0.36 -9.34 1.0000 -128.83 457205 (.19 973
(J2)-H Xy 1512.00 393223 0.999%  -2.65 -8.58 0.9998 1600.62 3995.57 -2.85 -8.72
Three component blends (second type)
(x,, = 0.25) X, -1950.80 5170.94 (.9984 3.48 “<10.77 09964  -2048.27 530794 367 -11.06
(x,,=0.25) XL -1001.68 4697.02 0.9953 1.92 ~9.99 0.9948 -895.31 473146 1.65 -10.05;
(x, = 025) Xy +949.12 4925.88 1.0000 1.56 -10.30 0.9998 -1152.96 5084.11 2.02 -10.64;
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Table All.1: Kinematic viscosities and the parameters of the individual lubricating base oils and their blends at three temperatures

Composition (weight fraction)

Kinematic viscosity {cSt)

Correlation parameters

Blend number x, x, %  25C 40°c 100'C a b 7
Lubricating oils
L:G | 0 0 58.12 2896 5.12 -7.89 354791 0.9973
M:B 0 1 0 223,30 9414 10.80 -9.50 4425.88 0.9975
H:J 0 0 1 146251 498.85 3191 -11.56 5596.18 0.9979
Two component blends '
K1 0.75 0.25 0 79.01 38.02 6.24 -8.12 370576 0.9971
K2 0.50 0.50 0 109.53  50.65 7.32 -8.62 395348 0.9975
K3 0.25 0.75 0 155.64 131.82 B.86 -9.79 449657 09685
K4 0.75 0 0.25 11518 5297 7.63 -8.61 3964.95 09974
K5 0.50 0 0.50 243,60 102.84 1174 -9.44 443221 0.9976
Ké 025 0 0.75 56154 21495 1882 -10.39 4965.65 0.9977
K7 0 0.75 0.25 341,13 137.34 13.90 -9.93 467939 09977
K8 0 0.50 0.50 53896 20591  18.04 -10.44 4966.79 0.9977
K9 0 0.25 0.75 867.42 314.14  23.89 -10.93 525275 0.9977
Three component blends
K10 0.25 0.50 0.25 23231 10823 1138 -9.51 4452.90 (0.9997
Kl 0.50 0.25 0.25 16269 7175 9.24 -9.03 4190.76 0.9974
K12 0.25 0.25 0.50 356.70 144.76  14.52 -9.89 4683.04 0.9978
K13 0375 0375 025 19407 8435 10.20 -9.24 4307.61 09977
K14 0.375 0.25 0375 23890 111.05 11.82 -9.43 443593  0.9997
K15 0.25 0375 0375 288.67 11928 1274 -9.70 4562.54 0.9977
K16 0.333 0.333 0333 23798 108.90  11.67 -9.46 4442.72 0.9995
Table A11.2 : Linear parameters obtained from experimental and prediction
Experimental Prediction

Blend number X, i ]

¢ d ¢ P q r ¢ d P q
Two component blends
L-M X -860.55 4400.83 0.9956 1.54 -9.43 0.9941 -877.27 442588 1.61 -9.50
L-H X, -2001.40 5454.97 0.9985 3.56 -11.26 09985  -2048.27 5596.18 3.67 -11.56
M-H Xy - -1146.72 5539.67 1.0000 2.00 -11.43 09999  -1170.30 5596.18 2.06 -11.56
Three component blends (first type)
(K8)-L X -1490.24 4936.65 0.9999 2,66 -10.36 0.9991 -1463.12 5011.03 2,64 ~10.53
(K5)-M X 66.38 441971 0.9941 -0.32 -9.35 09977 -146.17 457205 0,23 -9.73
(K2)-H Xy 1492.68 393893 09990  -2.60 -8.58 0.9999 1609.29 3986.90 287 -8.70
Three component blends (second type)
(x,, = 0.25) X -1969.12 5175.00 1.0000 J44 -10.74 09984 -2048.27 5303.61 3.67 ~11.05
(x, = 0.25) X -1048.56 4710.30 0.9961 1.92 -9.98 09948 -877.97 471846 1.61 -10.02
(x, =0.25) X ~920.56 4911.37 0.9993 1.52 -10.27 1.0000 -1170.30 5084.11 2.06 -10.64
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Table Al12,1 : Kinematic viscosities and the parameters of the individual lubricaling base oils and their biends at three temperatures

Composition (weight fraction) ~ Kinematic viscosity (cSt) Correlation parameters

Blend number ry Py ) H
. Xy Xy 25C 40C lo0C a b r

Lubricating oils
L:B 1 0 0 60.85  30.40 522 =797 158590 0.9972
M:G 0 1 0 227.14 9555 10.86 -9.54 4443.22 (09975
H:J 0 0 1 146251 49885 3191 -11.56 5596.18 0.9979
Two component blends
L1 0.75 0.25 0 82.74 3954 6.22 -8.32 378124 0.9975
L2 0.50 0.50 0 11276  52.04 742 -8.67 397727 09976
L3 0.25 0.75 0 15520 6991 895 -9.02 417646 0.9981
L4 0.75 0 0.25 12040  54.90 1.75 -8.71 4006.75 09974
LS 0.50 0 0.50 252,04 10598  11.95 -9.48 445639 09976 -
L6 0.25 0 0.75 57239 21865  19.01 -1042 4979.18 09977
L7 0 0.75 0.25 34552 14256 1396 -9.98 4702.83 0.9984
L8 0 0.50 0.50 54396 211.01  18.17 -10.46 4977.29 (.9981
L9 0 0.25 0.75 870.16 319.08 2393 -10.95 5261.02 0.9981
Three component blends
L10 0.25 0.50 0.25 23928 101,20 1140 -9.52 445142 09977
L1t 0.50 0.25 0.25 168.06 74,04 9.37 -9.09 4219.80 0.9976
L12 0.25 0.25 0.50 366,14 14738  14.68 -9.94 470336 09977
L13 0.375 0375 025 200.74 8630 1037 -9.29 432998 0.9975
L14 0.375 6.25 0.375 240.10 101,73  11.61 -9.44 4428.60 09977
L15 0.25 0375 0375 295.12  121.65 1295 -9.71 4570.56 0.9977

L16 0.333 03330333 23939 10160 11.54 -9.46 443432 0.9977

Table A12.2 : Linear parameters obtained from experimental and prediction

Experimental Prediction

Blend number  x; 3 ¥

¢ d r P q r e d P q
Two component blends
L-M X -790.44 4373.54 1.0000 1.40 -9.37 1.0000 -857.32 444322 1.57 -9.54
L-H X, -1944.86 5453.20 0,9981 342 ~11.24 0.9967 =2010.28 5596.18 13.59 -11.56
M-H Xy o -1116.38 553857 09999 1.94 -11.43 10000 -1152.96 5596.18 2.02 -11.56
Three component blends (first type)
(L8)-L X, -1385.95 4908.56 0.9960 2.4 -10.30 0.9936  -1433.80 501970 2.58 ~10.55
(L5)-M 9 92.88 440458 0.9921 -0.33 -9.36 0.9920 ~147.82 45%1.04 0.23 -9.77
(L2)-H Xy 1501.46 3943.94 0.9967  -2.64 -8.61 0.9941 1581.62 40]4.56 -2.8) -8.76

Three component blends (second type)
(xy=0.25) X -1934.24 517593 09938 3.40 -10.77 0.9897 «2010.28 530794 3.59 -11.06
(x,=0.25) 8 -926.48 4681.16 0.9992 1.72 -9.94 09984 -857.32 473146 1.57 -10.05 |
(x, =0.25) Xy -1007,76 4953.02 0.9590 1.68 -10.35 09970 -1152.96 509361 2.02 -10.66
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Table A13.1 : Kinematic viscosities and the parameters of the individual lubricating base oils and their blends st three temperature:

Composition (weight fraction)

Kinematic viscosity (cSt)

Correlation parameters

Blend number

x,  xy x, 25C  40°C 100°C a b
Lubricating oils
L:C 1 0 0 61.15  30.11 5.22 -1.99 359252 0.9972
M:G 0 1 0 227.14 9555 10.86 -0.54 4443.22 0.9975
H:J 0 0 1 146251 4938.85 3191 -11.56 5596.18 0.9979
Two component blends
Ml 0.75 0.25 0 8292 3956 6.22 -8.33 3783.92 09974
M2 0.50 0.50 0 114.25  52.40 7.44 -8.71 399098 09975
M3 0.25 0.75 0 15939  70.24 8.95 -9.11 4208.59 09975
M4 0.75 0 0.25 120.88  55.20 7.81 -8.69 4001.48 0.9974
Ms 0.50 0 0.50 25331 106.61 11.98 -9.49 4460.84 09976
Mé 0.25 0 0.75 572.78 219.65 19.01 -10.43 4982.11 09979
M7 0 0.75 025 3552 14256 1396 -9.98 4702.83 09984
M8 0 0.50 0.50 54396 211.01 18.17 -10.46 4977.29 09981
M9 0 0.25 0.75 870.16 319.08 23.93 -10.95 5261.02 0.9981
Three component blends '
M10 0.25 0.50 0.25 24023 10350 1147 -9.52 4456.75 0.9983
Mi1 0.50 0.25 0.25 169.20 74.12 9.42 -9.08 421940 09974
MI2 0.25 0.25 0.50 366.00 147.63 14.80 -9.90 4690.74 0.9977
M13 0.375 0375 025 19990 8636 1032 <930 433332 09977
Ml4 0375 0.25 0.375 247.12 105.90 11.95 «9.42 443391 (.9980
M15 0.25 0375 0375 29701 12257 13.00 -9.72 4575.15 09977
M16 0.333 0.333 0333 244,82 104.00  11.74 -9.46 4443.13 09978
Table A13.2 : Linear parameters obtained from experimental and prediction

Experimental Predicticn

Blend number X, 3 7

c d ¥ P q r ¢ d P q
Two component blends
L-M X, -849.34 4419.16 0.9998 1.56 -9.49 10,9998 -850.70 444322 1.55 ~9.54
L-H X, ~1961.26 5462.10 0.9987 348 -11.27 09978  -2003.66 5596.18 3,57 ~11.56
M-H Xy -1116.38 5538.57 0.9999 1.94 -11.43 1.0000 -1152.96 5596.18 2.02 ~11.56
Three component blends (first type)
(M8)-L X -1410.99 492193 0.9981 2.52 -10.33 09930  -1427.18 5019.70 256 -10,55
(Ms)-M Xy 89.95 4412.13 09935  -039 -9.32 0.9941 -151.13 459435 0.24 -9.78
(M2)-H Xy 143731 3970.19 09992  -243 -8.67 0.9949 157831 4017.87 -2.80 -8.77
Three component blends (second type)
(x,,=0.25) X, -1885.35 5155.02 09973 3.28 -10.70 09904  -2003.66 530794 3.57 -11.06
(xy = 0.25) Xy -949.40 4692.52 0.9995 1.76 «9.96 1.0000 -850.70 473146 155 -10.05
(x, = 0.25) Xy -935.96 4925.20 1.0000 1.52 -1028 0.9991  -1152.96 509527 2.02 ‘

-10.67 |
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Table Al4.1: Kinematic viscosities and the parameters of the individual lubricating base oils and their biends at three temperatures

Composition (weight fraction)

Kinematic viscosity (cSt)

Correlation parameters

Blend number

x %, x5 25C  4'c  100°C a b
Lubricating oils
L:C 1 0 0 6115 30.11 5.22 <799 359252 09972
M:B 0 1 0 22330 %414 1080 -9.50 4425.88 0.9975
H:C 0 0 1 1444.68 48971 31.78 . -11.52 5580.16 0.9977
Two component blends
N1 0.75 0.25 0 82.80 3947 6,23 -8.32 3778.65 0.9973
N2 0.50 0.50 0 113.74 5199 7.42 -8.70 3986.53 0.9973
N3 0.25 0.75 0 157.87  69.87 891 -9.09 420248 0.9976
N4 0.75 0 0.25 120.76 5517 7.7% -8.70 4004.20 0.9974
NS5 0.50 0 0.50 25290 107.09  12.04 -9.46 4453.18 0.9978
N6 0.25 0 0.75 573.83 21934  15.09 -10.41 4976.79 0.9977
N7 0 0.75 0.25 342,04 13883 1396 -9.92 4678.89 09978
N8 0 0.50 0.50 537,70 20643  18.08 ~10.42 4961.82 (0.9978
N9 0 0.25 0.75 867.81 31538 2392 -1092 525312 0.9978
Three component blends
N10 0.25 0.50 0.25 23946 10081 11.3% -9.52 4451.84 09976
N1l 0.50 0.25 0.25 16803 7392 9.39 “9.08 421543 0.9975
Ni12 025 0.25 0.50 36432 14692 14.64 =9.93 4700.64 0.9978
NI13 0375 0375 025 20284 87.05 1043 -9.30 4336.56 0.9975
N14 0.375 025 0375 242,10 10240 1170 -9.43 442R.69 (.9976
N15 0.25 0375 0375 293.70 121.13 1293 -9.70 4565.59 0.9976
N16 0.333 0.333 0333 23996 102.00  11.57 -9.46 443471 0.9978 -
Table A14.2 : Linear parameters obtained from experimental and prediction

Experimental Prediction

Blend number  x; 3 3

¢ d r P q r c d P q
Two component blends
L-M X -847,66 441305 0.9999 1.54 -9.47 0.9999 »833.36 442588 1.51 -9.50
L-H X -1945.18 5450.64 0.9980 3.42 -1123 09959  -1987.64 5580.16 3.53 -11.52
M-H X, -1148.46 5538.84 0.9999 2.00 -11.42 1.0000  -1154.28 5580.16 202 -11.52
Three component biends (first type)
(N8)-L X -1388.01 490631 0.9978 2.45 -10.30 09962  -1410.50 5003.02 2.52 -10.51
{N5)-M Xy 94.04 440447 09938  -0.36 -9.34 1.0000 -160.46 4586.34 0.25 -9.76
(N2)-H Xy 147594 3957.82 09953  -2.56 -8.64 0.9928 1570.96 4009.20 -2,78 -8.75 ¢
Three component blends (second type) :
(x,, = 0.25) X, -1940.84 5176.07 0.9951 340 -10.76 0.9897  -1987.64 529159 1.53 -11.02I3
(xy;=0.25) X, -945.64 4689.23 0.9998 1.76 -9.96 1.0000 -B33.36 471445 1,51 -10,01 1
(x, =0.25) X -995.20 4945.839 0,9976 1.64 <1033 0.9951 ~-1154.28 508325 2.02 ~10.64 ‘
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Table A15.1 : Kinematic viscosities and the parameters of the individual lubricating base oils and their blends at three temperatures

Composition (weight fraction)  Kinematic viscosity (cSt) Cotrelation parameters

Blend number = o = el
X, Xy Xy, 25C 40C 100C a b ,

Lubricating oils
L:P 1 0 0 5836  29.08 5.13 <790 3551.38 0.9973
M:P 0 1 0 23571 98.83 1103 -9.61 447599 09976
H:P 0 0 1 1333.04 459.64 3050 «11.41 552549 09978
Two component blends
Pl 0.75 0.25 0 80.65  38.61 6.15 -8.28 3759.31 0.9974
P2 0.50 0.50 0 112.87  51.94 7.43 -8.67 3975.30 09975
P3 0.25 0.75 0 161.49 7091 9.04 -9.10 4211.81 0.9974
P4 0.75 0 0.25 11423 5271 7.62 -R.59 395541 09974
P5 0.50 0 0.50 23748 10131 11,62 -9.39 441295 (9978
P6 0.25 0] 0.75 536.28 206.51 18.34 -10.34 4936.24 09977
P7 0 0.75 0.25 35262 14141  14.06 -10.00 471048 0.9976
Pg 0 0.50 0.50 536.17 205.66 17.94 -10.45 4969.26 09978
P9 0 0.25 0.75 833.04 30516 2344 -10.87 522397 0.9979
Three component blends
P10 0.25 0.50 0.25 236.80 10000 11.28 -9.52 445097 09998
P11l 0.50 0.25 0.25 16242 7197 9.26 -9.01 418690 0.9976
P12 0.25 0.25 0.50 350.75 14224 1432 -9.90 467797 0.9978
P13 0.375 0375 025 19486 3445 1023 -9.24 4308.04 09976
Pl4 0.375 025 0375 23693 100.72 11.48 -9.44 442693 0.9977
P15 0.25 0375 0375 28583 11864 12.68 «9.69 455643 (.9978
P16 0.333 0333 0333 23691 10025 jl.42 -9.46 443298 0.9976

Table A13.2 : Linear parameters obtained from experimentai and prediction

Experimental Prediction

Blend number  X; 7 —T

e d r P q r ¢ d P q
Two component blends
L-M X, -905.00 4434.64 09993 1.64 -9.50 09992 -924.61 447599 1.71 -9.61
L-H XL -1961.66 5415.69 0.9985 3.50 -11.91 0.9976 -1974.11 5525.49 3.51 ~11.41
M-H Xy -1026.98 548139 1.0000 1.74 -11.31 0.9996 -1049.50 552549 1.80 -11.41
Three component blends (first type)
(PR)-L X, -1477.46 492547 1.0000 2,72 -10.37 1.0000 «1449.36 500074 2.61 -10.51
(P5)-M Ky 97.83 4401.64 0.9923 -0.33 -9.36 09920 -62.44 453844 0.05 -9.66
(P2)-H Ay 1477.89 3939.48 1,0000 -2.64 -8.58 1.0000 1511.81 4013.69 -2.66 -8.76
Three component blends (second type)
(x),= 0.25) XL -1964.28 5167.20 0.9998 3.56 -10.79 09996 -1974.11 5263.12 351 -10.96
(xy =0.25) X, -1056.28 4711.41 0.9977 2.04 -10.02 0.9968 -924.61 473837 1.71 -10.06

(x, =0.25) X -908.00 4902.29 0.9983 1.52 -10.27 0.9963 ~104%.50 5031.96 1.80 -10.53
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Table A16.1 : Kinematic viscosities and the parameters of the individual lubricating base oils and their blends at three temperatures

Composition (weight fraction)  Kinematic viscosity (cSt) Correlation parameters

Blend number

1

X, Xy Xy 25°C 40°C 100°C a b .
Lubricating oils
L:P 1 0 0 5836  29.08 5.13 -7.90 3551.38 0.9973
M:P 0 1 0 235.71 98.83 11.03 -9.61 447599 09976
H:B 0 0 I 1446.83 459.64  31.88 -11.51 5577.54 0.9976
Two component biends
Ql 0.75 0.25 0 8065 3940 6.15 -830 3768.92 09982
Q2 0.50 0.50 0 112.87 51.94 743 -8.67 397530 09975
Q3 0.25 0.75 0 161.49 7091 9.04 -9.10 4211.81 09974
Q4 0.75 0 0.25 123.82 56.64 7.99 -8.67 400429 09975
Qs 0.50 0 0.50 24996 10541 11,77 -90.53 4468.76 0.9978
Q6 0.25 0 0.75 58171 22115 19.24 -10.42 4983.50 0.9976
Q7 0 075 0.25 35735 14372 14.16 -10.02 472174 09978
Q8 0 0.50 0.50 554.14 211.06 1830 -10.48 4986.83 09977
Q9 0 0.25 0.75 87623 31663 24.14 -1091 525121 09977
Three component blends
Qlo 0.25 0.50 0.25 239.84 10120 1142 -9.51 4451.25 059977
Qll 0.50 0.25 0.25 16533  72.85 9.35 -9.03 4197.15 09975
Ql2 0.25 0.25 0.50 36257 14652 1461 -9.93 4697.22 (0.9978
Q13 0375 0375 025 198.14 8544  10.27 -0.28 432607 09976
Ql4 0375 0.25 0.375 242.00 10190 11.68 943 4428.64 09977
Q15 0.25 0.375 0375 29471 12152 12.88 -9.73 4577.15 09977
Ql6 0333 0333 0333 24151 10186 11.61 -9.46 443577 0.9977
Table A16.2 ; Linear parameters obtained from experimental and prediction

Experimental Prediction

Blend number X ) 3

¢ d r P q r < d P q
Two component blends
L-M Xy -885.78  4428.23 0.9985 1.60 -9.49 0.9981 -924.61 447599 171 -9.61
L-H x -1958.42 5464.73 0.9991 3.50 -11,29 09999 = -2026.16 5577.54 361  -11.51
M-H Xy -1058.94 5516.06 1.0000 1.78 -11.36 09996  -1101.55 557754 1.90 -11.51
Three component blends (first type)
(Q®)-L X -1506.86 494733 0.9980 2.77 -1041 09964  -147539 502677 2.66 -10.56
(Q5)-M Xy 90.77 4405.79 09997 -0.32 -9.35 0.9977 -88.47 456446 0.10 -9.71
(Q2)-H Xy 1496,28 3946.20 0.9934 -2.63 -8.61 0.9963 1563.86 4013.69 -2.76 -8.76
Three compenent blends (second type)
(x,, = 0.25) X, -2000.28 5191.11 0.9982 3.60 -10.81 09959  -2026.16 530215 3.61 -11.04
(x, = 0.25) X, -1016.40 4705.97 09999 1.92 -9.99 0.9994 -924.61 475138 171 -10.09%
(x, = 0.25) Xy -983.88 4944.16 0.9998 1.68 -10.35 09992  -1101,55 5071.00 1.90 -10.611
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Table A17.1 : Kinematic viscosities and the parameters of the individual lubricating base oils and their blends at threc temperatures.

Composition (weight fraction)  Kinematic viscosity (cSt) Correlation parameters

Blend number 3 3 ry 3
X Xy Xy 25C 40C 1W00C a b r

Lubricating oils
L:E 1 0 0 6050 2990 52 <196 358027 0.9997
M:P 0 1 0 23571 4883 1103 -9.61 447599 0.9976
H:P 0 0 1 1333.04 459.64  30.50 ~-11.41 552549 09978
Two component blends
Rl 0.75 0.25 0 8264 3934 6.21 -8.32 3780.05 0.9973
R2 0.50 0.50 0 11472 5262 7.48 -8.70 3989.01 0.9974
R3 0.25 0.75 0 163.39 7144 9.03 -9.16 423023 0.9974
R4 0.75 0 0.25 11772 53.94 7.68 -8.67 3987.60 09974
RS 0.50 0 0.50 242,85 10263 11.64 -9.47 444144 09977
Ré 0.25 0 0.75 54346 20883 1840 ~10.38 4951.25 0.9978
R7 0 0.75 0.25 35262 14143 1406 -10.00 471048 0.9976
R8 0 .50 0.50 536,17 20566 1794 -1045 4969.26 0.9978
R9 0 0.25 0.75 833.04 30516 2344 -10.87 522397 0.9979
Three component blends
R10 0.25 0.50 0.25 23909 107.00 1152 -9.52 4460.24 (9992
Rl 0.50 0.25 0.25 16625  73.24 9.32 9.07 4211.04 09975
RI12 0.25 0.25 0.50 356.03 14398 1439 -9.93 469272 0.9978
R13 0.375 0375 025 198.53 8572  10.28 -9.29 432828 0.9976
R14 0.375 025 0375 24295 10830 11.87 -9.43 4436.16 09950
R15 0.25 0375 0375 28940 11934  12.68 -9.74 4573.14 0.9977
R16 0.333 0.333 0333 24130 10790 11.73 -9.46 4445.70 0,9991

Table A17.2 : Linear parameters obtairied from experimental and prediction

Experimental Prediction

Blend number X, 7 V]

¢ d r P q r . d P q
Two component blends
L-M Xy, -900.36 4449.94 (0.9983 -1.68 -9.57 0.9970 -895.72 447599 165 -9.61
L-H Xy =1927.30 5423,75 0.9989 342 -11.22 09986  -194522 552549 345 -11.41
M-H Xy - -1026.98 5481,39 1.0000 1.74 «11.31 09996  -1049.50 552549 1.80 ~11.41
Three component blends (first type)
(R8)-L X -1442.16 4930.58 0.9995 2.63 -10.37 09906 ~1420.47 5000.74 2.55 -10.51
(RS)-M XM 94.99 4413.08 0.9948 -0.36 -9.34 1.0000 -76.89 455288 0.08 -9.69. _
R2)})-H Xy 1460.85 3961.53 0.9999 ~2.60 -8.62 0.9947 1497.36 402813 -2.63 -8.79
Three component blends (second type) _
(x,,=0.25) X, -1926.72 5169.16 0.9986 3.44 -10.77 09912  -194522 5263.12 3.45 -10.96.
(x,; = 0.25) XL -996.80 4706.99 0.9988 1.80 -9.97 0.9998 -895.72 473837 165 -10.06 ‘

(x, = 0.25) X,  929.92 492409 09997 164  -1035 09982  -I049.50 5039.19 1.80  -1055
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Tabie A18.1 : Kinematic viscosities and the parameters of the individual lubricating base oils and their blends at three temperatures,

Composition (weight fraction)  Kinematic viscosity (cSt) Correlation parameters

Blend number = 3 ) T
X, Xy Xy 25C 40C 100C a b r

Lubricating oils
L:P 1 0 0 58.36 29.08 5.13 -7.90 355138 0.9973
M:C 0 1 0 227.18 9560 10.85 -0.55 444513 09975
H:P 0 0 1 1333.04 459.64 3050 -11.41 552549 09978
Two component blends
81 0.75 0.25 0 7995 3830 6.12 -8.26 375351 09973
82 0.50 0.50 0 111,30 51.08 7.34 -8.67 397L.12 09973
$3 0.25 0.75 0 15821  69.28 8.86 -9.12 4209.86 0.9973
S4 0.75 0 0.25 11423 5271 7.62 -8.59 395541 09974
S5 0.50 0 0.50 23748 10131  11.62 -9.39 441295 (0.9978
86 0.25 0 0.75 53628 20651 1834 -10.34 493624 0.9977
87 0 0.75 025 341,71 13815  13.81 -9.97 4692.73 0.9978
58 0 0.50 0.50 527.06 20224 17.76 -10.43 4958.18 (0.9978
59 0 0.25 0.75 826.12 30229 23.20 -10.88 5226.56 0.9979
Three component blends
510 ‘ 0.25 0.50 0.25 231.00 11025 1135 -9.52 4459.54 0.9999
S11 0.50 025 0.25 16135 7140 9.09 -9.08 4205.29 0.9977
S12 0.25 0.25 0.50 34830 14139  14.25 -9.89 4675.09 0.9978
S13 0375 0375 025 19444 8491 1015 -0.28 4320.73 09979
S14 0.375 025 0375 236.10 110.81 1171 -9.44 4436.60 0.9998
S15 0.25 0375 0375 284.08 11761  l2.62 -9.69 455297 09977
516 0333 0333 0333 234.11 11043  11.58 -9.46 444330 (.9998

Table A18.2 : Linear parameters obtained from experimentat and prediction

Experimental Prediction

Blend number X, 3 ]

e d r P q r e d P q
Two component biends
L-M X -912.70 -4434,51 -0.9993 .72 -9.54  0.9993 -893.75 . 4445.13 1.65 -9.55
L-H X ~196 1‘.66 5415.69 0.9985 3.50 -11.19 0.9976 -1975.11 . 552549 3.51 -11.41
M-H Xy -1067.66 549298 1.0000 1.82 -11,33 1.0000  -1080.36 552549 1.86 ~11.41
Three component blends (first type)
(88)-L X ~1395.69 4904.37 0.9997 242 «10.28 09974  -143393 498531 258 -10.48
(s5)-M Xy 92.55 4413.07 09581  -033 -9.36 0.9920 -93.30 453844 0.11 -9.66
(s2)-H Xy 1413,19 3969.55 0.9998 -2.46 -8.66 0.9983 1527.24 3998.26 -2.69 -8.73
Three component blends (second type)
(x), = 0.25) X, ~-1879.20 5143.69 0.999% 324 ~10.69 0.9959 -1974.11 525540 3.51 -10.95
(x,;=0.25) XL -1017.00 470990 0.9972 1.76 -9.95 0.9973 -893.75 471522 1.65 -10.025

(x, = 0.25) x,  -B6220 4885.86 09941 148  -1026 09978  -1080.36 503196 1.86  -10.53
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Table A19.1 : Kinematic viscosities and the parameters of the individual lubricating base 0ils and their blends at three temperatures.

Composition (weight fraction} ~ Kinematic viscosity (¢St} Correiation parameters

Blend number = = ., )
X, Xy Xy 25C 40C 100C a b r

Lubricating oils
L:T 1 0 0 58.30 29.04 5.14 ~7.88 354646 09973
M:T 0 1 0 23632 9912 IL13 -0.58 4465.87 0.9976
H:T 0 0 1 1372.11 47052 31.24 -11.40 5530.73 05977
Two component blends
T1! 0.75 0.25 0 80.78  38.58 6.14 -8.29 3763.35 0.9973
T2 0.50 0.50 0 113.46  52.08 7.42 -8.69 3984.58 059974
T3 0.25 0.75 0 16228  71.54 9.05 -9.12 421971 0.9976
T4 0.75 0 0.25 11510 53.93 7.76 -8.54 354572 09979
TS 0.50 0 0.50 240.83 10210 1173 -9.40 4417.31 09976
T6 0.25 0 0.75 54572 209.87  18.69 ' -10.31 493330 09977
T7 0 0.75 0.25 315569 14428 14.14 -10.02 472061 0.9980
T8 0 0.50 0.50 545.88 20852 1825 -10.43 4968.60 09977
T9 0 0.25 0.75 852.00 311.10 23.79 -10.88 5234.77 09979
Three component biends
T10 0.25 0.50 0.25 231953 10058 1139 -9.52 445108 09975
Til 0.50 025 0.25 16543 7282 9.38 -9.02 419252 09974
Ti2 0.25 0.25 0.50 358.94 144,89 14.60 -9.89 468171 0.9977
T13 0375 0375 025 20344 8728  10.52 -9.26 432741 09974
Tl4 0.375 025 0375 23981 10142 11.59 -9.44 442855 0.9976
TIS 0.25 0375 0375 29478 12143 1293 -9.71 457088 09976
T16 0.333 0333 0333 23936 10112 11.52 -9.46 443470 09976

Table A19.2 : Lincar parameters obtained from experimental and prediction

Experimentai Prediction

Blend number X T 7

¢ d r P g r ¢ d P q
Two component blends
L-M X -912,72 444557 0.9997 1.66 -9.53 10.9996 -919.41 446587 1.70 -9.58
L-H ‘ X -1975.16 5419.69 0.9993 3.54 ~11.19 0.9997 -1984.27 5530.73 3.52 -11.40
M-H Xy -1028.32 548B.82 0.9996 1.72 ~11.30 0.9993 ~-1064.86 5530.73 1.82 -11.40
Three component blends (first type)
(T8)-L . 5 -1502.60 4941.94 0.9990 2.74 ~10.39 09988 «1451.84 4998.30 2.6l -10.49
(T5)-M Xy 91.27 4405.16 0.9958 -0.32 9.36 09920 -72.772 4538.60 0.06 -9.64
(T2)-H Xy 1426.13 3966.44 0.9990 -2.53 -8.62 0.9997 1524.57 4006.17 -2.67 -8.73

Three component blends (second type)

(x,,=0.25) x,  -1956.76 5168.04 0.9996 3.48 -10.76 09996  -1984.27 526452 352 -10.95
(x, = 0.25} X, -103424 4711.51 0.99%4 2.00 -10.02 0.9995 -91941 473209 170 -10.04
(x, = 0.25) X -922.52 4913.84 0.9995 1.48 -10.26 0.9998 -1064.86 5034.66 1.82 -IO.Si
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Table A20.1 : Kinematic viscosities and the parameters of the individual lubricating base oils and their blends at three temperatures.

Composition (weight fraction) ~ Kinematic viscosity (cSt) Correlation parameters

Blend number = P 3 3
X, Xy Xy 25¢C 40C 100C a b r

Lubricating oils
L:T 1 0 0 5830 29.04 5.14 -7.88 3546.46 0.9973
M:T 0 1 0 23632 99.12 11.13 -9.58 4465.87 0.9976
H:C ¢ 0 . 1 144468 489.71 31.78 -11.52 5580.16 0.9977
Two component blends
Ul 0.75 0.25 0 8078 3855 6.14 -8.29 3762.98 0.9973
U2 0.50 0.50 ¢ 11346 5188 742 -8.69 3982.76 0.9973
U 0.25 0.75 0 16228  70.95 9.05 -9.12 4215.78 0.9973
U4 0.75 0 0.25 115.89 5332 1.70 -8.59 3960.3% 0.9973
Us 0.50 0 0.50 24470 103.12 11.77 -9.44 443448 0.9975
U6 0.25 0 0.75 56335 21529 18.87 -10,39 4965.77 0.9977
u7 ¢ 475 0.25 35867 143.16 14.18 -10.02 4721.77 0.9976
us 0 0.50 0.50 55695 21193 184l -10.54 5008.48 0.9978
93] 0 0.25 0.75 B83.72 319.05 24.08 ~10.96 5268.35 0.9977
Three component blends
U10 0.25 0.50 0.25 240.56 106.14 11.55 -9.52 4459.14 0.9989
Ull 0.50 0.25 0.25 16536  72.84 9.34 -9.04 4199.00 0.9975
Ul2 ' 0.25 0.25 0.50 363.88 14648 14.63 ~9.93 469895 0.9977
Ul13 0.375 0375 0.25 199.32 8547 10.33 -927 432360 09974
Ul4 0.375 0.25 0.375 250,28 107.70 12.04 -9.44 4444.18 0.9982
Uls 0.25 0375 0375 29520 121.23 12.97 -9.70 4566.76 0.9975
Ulé 0.333 0.333 0333 24956 107.16 11.97 -9.46 4447.88 0.9982

Table A20.2 : Linear parameters obtained from experimental and prediction

Experimental Prediction

Blend number X; ;) 1

c d r p q r ¢ d - p q
Two component blends
L-M X, -905.60 4439.97 0.9997 1.66 -0.53 0.9996 -919.41 446587 1.70 -9.58
L-H X, -2010.76 5458.93 0.9989 3.60 -11.27 09990  -2033.70 5580.16 3.64 -11.52
M-H Xy -1093,16 5546.11 09992 1.88 -11.45 0.9962 -1114.29 5580.16 1.94 -11.52
Three component blends (firat type)
(Us)-L X, ~1473.82 4936.59 0.9999 2.62 -10.35 0.9987  -1476.56 5023.02 2.67 -10.55
(Us)-M Xy 60.93 442840 09915  -0.33 -9.36 0.9920 -97.44 456331 0.12 -9.70
(U2)-H Xy 1501.69 3948.03 1.0000 -2.67 -8.59 0.9976 1574.00 4006.17 -2.79 -8.73
Threc component blends (second type)
(%, =0.25) x, -1999.80 5197.30 0.9999 3.56 -10.81 09966  -2033.70 5301.59 3.64 -11.04
(xH=0.25) XL -ld40.56 4717.46 09994 1.92 -10.00 0.9994 “919.41 474444 1.70 -10.0‘:}

(x_ =0.25) Xy -959.24 4934.67 09965 1.64 -1033 0.9951  -1114.29 507174 1.94 -10.61
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Table A21.1 : Kinematic viscosities and the parameters of the individual lubricating base oils and their blends at three temperatures.

Composition (weight fraction)  Kinematic viscosity (c5t) Correlation parameters

Blend number 5 2 o 7
X Xy Ay 25C 40C 100C a b r

Lubricating oils
L:T 1 0 0 5830 29.04 514 -7.88 354646 09973
M:P 0 1 0 23571 98.83 11.03 -9.61 447599 09976
H:T 0 0 1 1372.11 47052 31,24 -11.40 5530.73 0.9977
Two component blends
Vi 0.75 0.25 0 80.46 38.52 6.16 -8.26 375296 09973
\'7/ 0.50 0.50 0 113.20 5176 7.42 -8.68 3979.08 09973
V3 0.25 0.75 0 161.44  70.75 9.02 -9.11 4213.92 09974
V4 0.75 0 0.25 115.10  53.93 1.76 -8.54 394572 09979
Vs 0.50 0 0.50 24083 102,10 11.73 -9.40 441731 0.9976
V6 0.25 0 0.75 54572 209.87 18.69 -10.31 493330 0.9977
V7 0 0.75 0.25 35392 142.19 14.11 -10.00 471149 09977
V8 0 0.50 0.50 545.17 207.59 18.13 -1046 4975.55 0.9976
V9 0 0.25 0.75 849,72 31008 23.80 -10.87 5229.47 0.9978
Three component blends '
V10 0.25 0.50 0.25 23796 10025 11,32 -9.52 445198 0.9976
Vi1l .50 0.25 0.25 164.04 72.20 9.30 -9.03 419267 09974
Vi2 0.25 0.25 0.50 356.17  144.04 14.54 -9.88 4676.80 0.9977
Vi3 0.375 0375 0.25 196.83 84.93 10.27 9.26 431579 09975
Via 0375 025 0.375 23939 101.07 11.56 ~0.44 442908 09975
V1s , 0.25 0375 0375 293.00 120.50 12,86 -9.71 4569.10 0.9976
V16 0.333 0333 0333 238.94 100.B1 11.49 -9.47 443544 09976

Table A21.2 : Linear parameters obtzined from experimental and prediction

Experimental ' Prediction

Blend number X, ] 7

c d r P q r ¢ d P q
Two component blends
L-M X, -921.92 4442.95 0.9999 1.70 -9.53 "1.0000 -929.53 447599 173 -9.61
L-H Ay -1975.16 5419.69 0.9993 3.54 =11.19 09997 -1984.27 5530.73 3.52 -11.40
M-H Xy -103596 5490.15 0.9999 1.74 -11.31 09989  -1054.74 553073 L.79 -11.40
Three component blends (first type)
(Ta)-L X, -1498.22 493993 0.9993 271 -10.38 09995  -1456.90 5003.36 2.63 -10.51
(T5)-M Xy 92.67 440538 0.9964  -0.32 -9.36 0.9977 -62.60 453860 0.03 -9.64
(T2)-H Xy 144422 3954.65 1.0000  -2.48 -8.64 0.9999 1519.51 4011.23 -2.66 8,75
Three component blends (secoﬁd type)
(x,,=0.25) X,  -1936.52 5159.05 0.9998 340 -10.73 09996  -1984.27 526705 1352 -10.95
{x,,=0.25) X -1037.24 4709.11 0.9992 1.96 -10.01 09988 -929.53 4739.68 1.73 -10.0&

(x,_=0.25) Xy -899.28 4903.19 0.9994 1.44 -10.24 09990  -1054.74 5034.66 1.79 -10.52




Table A22 : Kinematic viscosities of the individual lubricating base oils
and their blends at three temperatures.

Kinematic viscosity (cSt)

Blend number (by volume)

25°C 40°C 100°C
Lubricating oils
L:B 60.99 30.04 5.22
M:B 223.30 94.14 10.80
H:B 1446.83 490.46 31.88
Two component biends ‘
VBI 82.72 3941 6.23
VB2 113.29 54,68 7.42
VB3] 158.24 69.78 8.89
VB4 120.35 54.713 1.74
VBS5 252.48 105.65 11.94
vB6 571.41 218.19 18,97
vB7 354.20 152.74 14.16
VB8 541.90 207.66 18.12
VBS 867.21 316.00 23.94
Three component blends
VB10 236.88 99.70 11,29
VBI11 166.02 73.28 9.32
VB12 363.25 145.64 14.66
VB13 198.55 85.48 10.31
vBl4 24434 100.12 11.79
VB15 293.34 120.42 12.84

VB16 24235 100.54 11.61




Table A23 : Kinematic viscosities of the individual lubricating base oils
and their blends at three temperatures.

Kinematic viscosity (¢St)

Blend number (by volume)

25°C 40°C 100°C
Lubricating oils
L:C 61.15 30.11 522
M:C 227.18 95.60 10,85
H:C ' 1444.68 489.71 31.78
Two component blends
VCl1 84.63 4031 6.30
vC2 115.02 52.74 7.44
vC3 12891 70.63 8.94
VC4 149,43 54.91 71.76
VCs 254,58 107.07 12.02
VvCé 576.09 21998 19.05
vC7 353.32 142.47 14,10
VvCs 540.42 206.81 18.07
vC9 832,56 304,03 23.03
Three component blends
VC10 237.17 99.78 11,33
VCil1 168,86 73.93 9.40
VCil2 324,32 132,19 13.63
VCI3 202.90 87.16 10.39
VCi4 247.06 103.86 11.67
VCi5 298.35 122.68 13,02

VC16 249.48 104.88 11.70




Table A24 : Kinematic viscosities of the individual lubricating base oils
and their blends at three temperatures.

Kinematic viscosity (cSt)

Blend number (by volume)

25°C 40°C 100°C
Lubricating oils
L:E 60.50 29.90 521
M:C 227.18 95.60 10.85
H:D 1375.51 472.53 3137
Two component blends
VF1 83.63 39.74 6.28
VF2 113.39 51.86 7.39
VF3 159.37 70.13 8.91
VF4 114,90 52.88 7.59
VF5 238.24 101.66 11.67
VFé6 547.80 211.32 18.70
VF7 340.24 137.92 13.86
VF8 523.52 201.68 17.83
VF9 §15.32 299.55 23.20
Three component blends
VF10 235.44 99.40 1132
VF11 164,40 72.33 9.28
VF12 353.14 143.46 - 14,40
VF13 195.31 84,40 10.26
VF14 239.95 101.58 11.58
VF15 283.23 117.46 12,64

VF16 240.15 101.68 11.49
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Table A25 : Kinematic viscosities of the individual lubricating base oils
and their blends at three temperatures.

Kinematic viscosity (cSt)

Blend number (by volume)

25°C 40°C 100°C
Lubricating oils
L:G 58.12 28.96 5.12
M:G 227.14 95.55 10.86
H:J 1462.51 498.85 3191
Two component blends
Vil 79.52 37.93 6.10
Vi2 109.51 50.25 7.28
Vi3 155.57 68.41 8.80
Vi4 121.04 55.23 7.86
Vi5 243,68 103.51 11,81
VI6 561,73 215,34 18.88
vI7 354.16 142.56 14,15
VI8 553.16 211.01 18.29
vi9 875.59 319.08 24,11
Three component blends ,
VIig 234.16 99.01 11.29
VIl 165.88 72.89 9.35
vii2 358.33 144.63 14.48
VI3 195.85 £4.60 10.25
vil4 242,14 102.31 11.61
VIS 291.42 120.24 12.80

Viié 23893 101.07 11.47
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Table A26 : Kinematic viscosities of the individual lubricating base oils
and their blends at three temperature

Kinematic viscosity (cSt)
Blend number (by volume) -

25°C 40°C 100°C
Lubricating oils
L:B 60.85 30.04 5.22
M:G 227.14 95.55 10.86
H:J 1462.51 498.85 31.51
Two component blends
VL1 82.74 39.32 6.22
VL2 112.76 51.57 7.37
VL3 155.20 68.33 8.80
VL4 116.82 53.52 7.66
VLS 245.10 103.3 l 11.75
VL6 540.74 207.79 18.44
VL7 - 354,16 142.56 14.15
VLS 553.16 211.01 18.29
VLY 875.59 319.08 24,11
Three component blends
VL10 232.66 98.06 11,22
VLI11 166.56 73.18 9.30
VLI12 356.77 143.79 14.42
VL13 200.74 86.30 10.37
VL14 240.01 100.92 11,49
VLI5 286.97 118.33 12.70

VLI16 239.39 100.89 11.43
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Table A27 : Kinematic viscosities of the individual lubricating base oils
and their blends at three temperatures.

Kinematic viscosity {cSt)
Biend number {by volume) = ) 3

25C 4 C 100 C
Lubricating oils
L:C 61.15 30,11 5.22
M:B 22330 94.14 10.80
H:C 1444,68 489.71 31.78
Two component blends
VN1 83.86 39.88 6.26
VN2 112.92 51.68 7.46
VN3 159.54 70.28 8.96
VN4 149.43 54,91 1.76
VNS5 254.58 107.07 12.02
VN6 576.09 21998 19.05
VN7 353.81 142.14 1418
VNE 551.40 210.08 18.29
VN9 862.35 312,68 23.87
Three component blends '
VN10 239.46 100.81 11.46
VYNI11 170.64 74.81 9.48
VN12 367.20 147.78 14.68
VN13 202.84 87.05 10.43
VYN14 239.96 101.45 11,56
VYN15 297.48 122.06 12.96

VN16 244,72 102.83 11.62
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Table A28 : Kinematic viscosities of the individual lubricating base oils
and their blends at three temperatures.

Kinematic viscosity {(cSt)

Blend number (by volume) S

25°C 40°C 100°c
Lubricating oils
L:P 58.36 29.08 513
M:P 235.71 98.83 11.03
H:P 1333.04 459.64 30.50
Two component blends
VPl 82.72 39.40 6.24
VP2 114.74 96.71 7.45
VP3 163.44 71.42 9.09
VP4 114.74 52.62 7.62
VPS5 236.18 100.25 11.52
VP§ 537.13 206.47 18.35
VP7 151.25 141.22 14.04
VP8 532.08 154.65 17.91
VP9 805.29 293.85 22.90
Three component blends
VP10 23912 100.43 11.40
VP11 163.41 71.85 9.27
VP12 352.71 142,43 14.32
VP13 195.44 84.62 10.23
VP14 238.24 100,43 11,46
VP15 290.82 119.74 12.84

VP16 236.99 100.16 11.38
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Table A29 : Kinematic viscosities of the individual lubricating base oils
and their blends at three temperatures.

Kinematic viscosity (cSt)

Biend number (by volume} s Py o

25C 40C 100 C
Lubricating oils
L:P 58.36 29.08 513
M:P 23571 98.83 11.03
H:B 1446,83 450.46 31.88
Twa component blends
vQl 82.72 3940 6.24
vQ2 114,74 96.71 7.45
vQ3 163.44 71.42 9.09
VQ4 123,82 56.64 7.99
VQ5 249.96 105.41 11.92
VQ6 581.71 221.15 19.24
vQ7 369.55 147.57 14.45
VQ8 552.02 210.03 18.24
vQ9 876.23 316.63 24.16
Three component blends
vQ1i0 233.14 98.26 1132
vQll 161.94 71.54 9.25
vQlz 353.00 142,90 14.40
vQl3 194,99 84.08 10.21
VQl4 238.39 100.57 11.52
VQ15 28532 117.69 12.68

vQle6 239.87 101.10 11.53
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Table A30 : Kinematic viscosities of the individual lubricating base oils
and their blends at three temperatures.

Kinematic viscosity (cSt)

Blend number (by volume)

25°C 40°C 100°C
Lubricating oils
L:T 5830 29.04 5.14
M:T 236.32 99.12 11,13
H:T 1372.11 470.52 31.24
Two component blends
VTl 80.78 38.55 6.16
VT2 113,70 51.88 1.46
VT3 163.47 70.95 9.09
VT4 114.80 53.19 7.66
VTS 240.34 101.92 1L.71
vTé 544.07 209.62 18.61
VT7 359.55 142.76 14.23
VT8 547.16 208.24 18.19
vT9 853.99 310.66 23.89
Three component blends
VTI10 238.64 100.25 11.36
VT11 164.08 7233 9.29
VTI2 ' 356,74 144,24 14.54
VTI3 197.85 85.02 10.33
VTl4 239.49 101.27 11.57
VT15 29145 120.16 12,92

VT16 237.70 100.42 11.44
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Table A31 : Kinematic viscosities of the individual lubricating base oils
and their blends at three temperatures.

Kinematic viscosity (cSt)
Blend number (by volume) - - -
25C 40C 100°C
Lubricating oils
L:V 58.30 29.04 5.14
M:V 23571 98.83 11.03
H:V 1372.11 470,52 31.24
Two component biends
\AU 81,04 38.62 6.16
vv2 113.68 52.00 7.42
vv3 161.19 62.68 9.05
Vv4 117,23 53.93 7.76
vVS§ 240,83 102.10 11.73
VVé 544,07 209.62 18.61
vv7 356.17 142.80 14.16
vV8 54334 20747 18.17
vVv9 846.13 308.82 23.67
Three component blends
VV1i0 240,75 101.32 11.47
VVvil 165.99 72.96 9.37
vvi2 363.42 14648 14.69
\AK! 204.13 87.66 10.53
VVi4 238.35 100.57 11.55
VVis 291.80 120.16 12.84

VV16 242.15 101.88 11.56




APPENDIX B
PRINCIPLES OF LINEAR REGRESSION ANALYSIS
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Principles of linear regression analysis(24-29]

Regression and correlation are actually two different but closely related concepts.
Regression is a quantitative expression of the basic nature of the relationship between the
dependent and independent variables. Correlation determines the strength of the
relationship, measures how strong the relationship is between x and y. Simple regression
holds that the dependent variable y is a function of only one independent variable.
Linear regression attempts to depict the relationship between x and y by a straight line.
This procedure is based on the contention that a change in x is accompanied by a
systematic change in y, which can be represented by a line. The nature of linear
regression can perhaps be best illustrated by the scatter diagrams that plot the paired
observations of x and y on a graph. The dependent variable is placed on the vertical axis,
while the independent variable is on the horizontal axis. The objective of regression
analysis is to develop a line that passes through the scatter diagram and best represents

the data points.

Regression analysis

When two variables are perfectly correlated, all the data points will fall exactly
on a straight line defined by an equation of the form y = a + bx. However, almost
certainly never encounter such a situation in the behavioral sciences. In fact, when the
correlation is not perfect, the statistical technique of regression can be used to identify a
line that, though imperfect, will fit the data points better than any other line that could try
to fit to them, as determined by a statistical criterion known as least squares. This line
describes the nature of the linear relationship between the two variables that can be
formally represented by a regression line :

Yo =a + bx
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This equation, known as the regression equation, is similar to the linear model,
y=a + bx
The regression line described by this equation has been drawn in Figure B1.
where :
a = y-intercept
value of y whenx =0
b = slopeoftheline

change in y for a |-unit increase in x

Deriving a best-fitting regression line

To determine a line through the middle of the scatter that best defines or
represents these data points. This regression line must depict the relationship between
the dependent and independent variable with accuracy and precision, and must fit these
data points better than any other line might be able to draw. It is unique meaning that
there is only one least-squares line, and this can be determined by anyone doing the
calculations. Consider Figure B1, this shows a scatter of points indicating y relation to x
and a regression line fitted to these data denoted by

y.=a + bx
where y_ stands for the value of variable y computed from the relationship for a given
value of the variable x (y, is therefore distinguished from y which represents actual,
ébsewed velues). The line y, = a + bx expresses the average relationship between
the two variables. It is called the linear regression of y on x and the slope coefficient b is
referred to as the regression coefficient. The problem remaining is to determine the
values of @ and b. | |

The values of @ and b must be calculated in such a way that the fitted line is as

close as possible to the plotted points corresponding to the observed values of x and y
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(x,,y,). Consider, for example, point 6 in Figure B1. This point corresponds to a
specific pair of observed values of x and y. The computed y value (yc) corresponding to
the given x, value can be determined from the relationship y, = a + bx;. There
will usually be deviations between the actual values of y and their computed values,
depending on the closeness of the relationship. These deviations between the actual and
computed y values, referred to as residuals or errors, are measured by
& = Vi-Xe

These deviations e, are also illustrated in Figure B1. Naturally they can take positive or
negative values for different points, i.e. actual points may be above (e, positive) or
below (e, negative) the fitted line. The relevance of this analysis of deviations is that
best-fitting line can be obtained by ensuring that the sum of the squared deviations
(Zef) is as small as possible. The deviations are squared in order to give weight to

both positive and negative values.

The least squares method

minimize Z (-, )2 = minimize Ze‘2
where y, is the observed value of the dependent variable for the ith observation and y, is

the computed value of the dependent variable for the ith observation.

The procedure for finding the values of @ and b from first principles, using the
method of least squares, involves differential calculus. It leads to the following
expressions for determining the values of a and b.

Formula for regression coefficients

> xy -nx¥y
> xi-nxt

a=y-bx

b=
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Once a and b have been determined, then can the equation for the best-fitting line,
y. = a + bx, beexpressed. Note that the coefficients 2 and b can have negative as
well as positive values. A negative value for b indicates an inverse relationship between
x and y, so that y decreases as x increases and vice versa. A negative value for a
indicates a negative intercept on the y axis. The application of these formula is simple,
especially for small data sets, merely involving the summation of x,z and xy; and the

calculationof x and y.
Correlation analysis

Correlation analysis is a means of measuring the strength or closeness of the
relationship between two variables. It should be clear that the concept of correlation is
very closely linked to regression analysis. If all the paired points ( x;, y,) lie on a_
straight line then the correlation between the variables x and y is perfect.

Correlation analysis provides a numerical summary measure of the degree of
corfclation between two variables x and y — a correlation coefficient denoted by r.

This is defined so that its value must be within the range from —1 to +1 so that

r = +1 denotes perfect positive correlation
r = 0 _ denotes no correlation
r =-1 " denotes perfect negative correlation

Computing the value of » using this expression is tedious. It reduces to a quicker,

convenient formula, expressed as follows :
ro= — an,y,-Zx,Zy, _
1/.”2"!2 '(Zx:)zllnzyf '(Zyi)z.

This coefficient is often referred to as the product-moment correlation coefficient or

Pearson’s correlation coefficient.
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Another measure of how well the model provides estimates that fit the sample

data is given by the coefficient of determination, 7', is equivalent to

.2 explained variationiny _ > -y)
" total variationin y 30, -3

Thus, »° measures the proportion of total variation in y that is explained by the simple

linear regression model. Naturally, it is easier to measure r by simply taking the

squared value of 7.

oo

“Ay)

- (%)

Figure B1 : Deriving the best-fitting regression line
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