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Abstract

Viscosity, especially characteristic among various properties of visco-elastic fluids such
as high polymer solutions, is affected mainly by temperature and concentration.
Hence, it is important for fluid engineering to express, by some equations, how the
fluid characteristics vary with the change of temperature and concentration and to
analyze them to obtain consistent viscous characteristics.
High polymer solutions, synthetic products of modern chemical industry, suggest
many interesting investigations because they are typical visco-elastic materials.
Experimentation was made to derive some useful fluid characteristic equations of
SEPARAN-NP10(polyacrylamide) expressed by 7 (flow behavior index) and K’ (cons-
istency index) when it is given temperature and concentration variation.
To measure viscosity, capillary viscometer was adopted and the range of experimen-
tation is 0-2,000 P.P.M. in concentration and 15-55°C in temperature.
The experimental results are summarized as follows:
The flow behavior index 7
1) has nearly constant results irrespective of temperature variation at same concentr-
ation and the results are shown in (Table. 4-4-3)
2) has following equation, regardless of temperature, for the variation of concen-
tration.
n=—1.0765%10-¢P+-0.9915 (P: P.P.M.)
The consistency index K’
1) has different results for the variation of temperature at same concentration and
the results are given in (Table.4-7-2)
2) has following equation for the variation of concentration at same temperature.
log 10K’ =6.4785x 10~P—1.0529 (P: P.P.M.)



11, g
; 7
fa iyl
N, K’
1.
T
1.

.
n.on

ot

FEFRUPE RS kel BHRY 10BN BI

List of Qymbols

Cross section area cof

capillary tube em®
Radius of capillary tube cm
Diameter of capillary tube cm

Diameter of material

reservoir cm
Modulus of elasticity ko’cm?
Gravity acceleration cm ‘sec?
Total head cm
Head loss cm
Head cm

Consistency index cr loss

coefficient —

Length of capill tube cm
Entrance length cm
Flow behavior index N

Generalized Revnolds
number \
Concentration of sclutions

P.P. M.

Pressure kg ’cm®
Volume {low rate cmé/sec
Reynolds number —
Temperature of solutions C
“low velocity in a tube em/sec
Mean velocity c¢m’sec
Kinematic energy

correction facter —
Shear strain rate 1/sec

Specific weight of
material kg cm®
Specific weight of water kg 'em?
Dimensionless constant

(Eq.2.30) -
Rigidity modulus
(Eq.2.5)

Absolute viscosity

ka/cm*
kg-sec/cm®

Apparent viscosity  kg-sec/em®
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p : Kinematic viscosity cm®sec
) : Density kg-sect m*
- : Shear stress kgiem?
T : Shear stress ot weall ko cm?

1% Dow Chemic-! Intern-
SEPARAN NP —i0(Polvac-
rylamidey -+ 25CP.POML, 300P.
P M., 730 P.POM.. 1.00OP.P.M. . 1,250P,
P .M. 1.500 P.P.M.. 1, Moo 2,000
8 i Fed %%
25°C, 30 C, 35°C, 20°C, 45°C,
b= 53°C ‘
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Fig.2-1. Flow between parallel plates to
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Fig.2-3.

Free-body diagram of cylindrical
sleeve element for laminar flow.
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Table 4-1 Systematic error of viscosity
uo: standard viscosity of water in gravity unit
» : viscosity obtained from experimentation
Temp. 105X uo= 105X u= )
No. Mo X 100
coO (g-s/em?) (g.s/cm?) (%)
1. 169 0.50
1 15 1.163 1.173 0. 86
1.132 —2.67
1.034 0.78
2 20 1. 026 1.043 1.65
0.995 —3.02
0. 987 —1.64
3 25 0.912 0.913 0.11
0. 891 —2.27
0. 833 1. 90
4 30 0. 817 0.810 —0.86
0. 803 ~1.70
0.730 —1.00
5 35 0.738 0.775 5.01
0.754 2.16
0.677 1.19
6 40 0.669 0. 669 0.00
0.685 2.39
0.636 4.09
7 45 0.611 0.638 4.40
0.630 2.60
0. 597 6.60
8 50 0. 560 0.582 3.90
0.601 7.30
0. 557 7.94
9 55 0.516 0. 564 9.30
0. 551 6.78
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Table 4-2 Flow behavior index n for the variation of temperature at constant concentration

Conc. Temp. Conec. Temp. Cone. Temp.
(P.P.M.)  (°C: " (P.P.M.) (°C) " (P.P.M.Y  (°C) ¥
5 0. 0432 s ewsse T T

20 0. 9270 20 20

20 0.9752 23 23
30 0. 8032 30 30 0.0474
0 33 0. 9358 250 33 200 35 0.8737
40 0. 8291 40 40} 0.9239
45 1. 0320 45 45 1. 0052
50 0. 6N81 50 50 0.9251
53 1.0234 335 55 0. 9037
15 0.9101 15 15 0.8216
20 0. 8377 20 20 0. 8884
25 0.9519 25 25 0.8309
. 30 ) 30 30 0. 8038
750 35 1,000 35 1,250 35 0.8628
40 40 40 0. 8589
45 45 45 (0. 3386
S0 50 5 {1,192
55 55 55 0. 183
3 15 0. 9 15 0.710%
20 20 0. 20 0.7711
25 25 0. 8¢ 25 0.7057
3 30 0. 39 0. 4262
1, 500 35 1,730 35 0. 2,000 35 0. 7420
40 40 0. 8 40 0. 7603
45 45 0. 45 0.7912
50 50 0.7 50 0.7835
55 55 0. 55 0.7921

Table 4-3 Flow behavior

index n for the variation of concentration at constant temperature

Temp.

Conc.

Temp.

Conc.

Temp.

Conc.

(°C) (P.P.M.> ” (°C) (P.P.M.) & (°C) (P.P.M.) "
0 0.9432 0 0.9270 0
250 (. 9333 250 0. 9531 250
500 1.0197 500 0.9222 500
750 0.9101 750 0. 8377 750
15 1. 000 0. 8500 20 1,0C0 0. 8159 23 1, 000
1, 250 0. 38216 1, 250 0. 8894 1, 250
1,500 0. 8308 1, 500 0.9144 1, 500
1,750 0. 90868 1,730 0. 8601 1, 750
2, 000 0.71006 2,000 0.7711 2,000
0 0. 9039 0 0. 93338 0
250 1. 0684 250 1. 0966 250
500 0.9474 500 0.8737 500
750 0.9353 730 0. 8907 750
30 1, 000 0. 3519 35 1, 000 0.3115 40 1. 000
1,250 0. 303K 1, 230 C. 8628 1,250
1. 500 0. 8078 1,500 0.8017 1, 500
1,750 0.8131 1, 750 (0. 8737 1,730
2,000 0.7312 2,000 0. 7420 2,000
0 1.o322 0 0. 2081 0
250 0. 93 250 1.0027 25¢(
500 1. 500 0. 9261 500
750 ), 750 0.9057 750
40 1. 000 ). 50 1,00 0. 8335 53 1, 000
1,250 1.25) 0.8132 1.259
1. 500 1, 500 0. 8391 1,500
1,750 1,759 0. 7465 1.759
2,000 2,009 0.7335 2,000
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Table 4-4 Linear equation of n for P and T and mean value of n for concentration
(4-4-1)

Temp. (°C) Linear equation of » P:P.P.M. Temp. (°C) Linear equation of n FP: P.P.M.

15 —0.1317X 10~3P+1. 0281 40 —0.1340X103P+1.0198
20 —0.0681X1073P+0. 9534 45 —0.1256X1073P+41.0213
25 —0. 1548 10-3P+1. 0580 50 —0. 1287 X 103P+1.0073
30 —0. 1653 10-3P+1.0570 55 —0.0907 X 103P+-0. 9689
35 —0.1155% 10~3P+1.0126
(4-4-2)
Conc.(P.P.M.) Linear equation of » T: °C Conc.(P.P.M.) Linear equation of 7 T: °C
0 0.1292%1072T+40. 9137 1, 250 —0.0061X1072T+0. 8451
250 0.0433X10"2T+1. 0027 1, 500 —0.5336X10"2T+0. 7885
500 —0.1530%X 1027+ 1. 0021 1,750 —0.1642%10~2T+0. 8965
750 —0.0917X10"2T+0. 9358 2,000 0. 2894 % 10~2T+0. 6190
1,000 0.3465%1072T+0. 7122
(4-4-3)
Conc. (P.P.M.) Mean value of n Conc. (P.P.M.) Mean value of #
0 0. 9590 1, 250 0. 8429
250 1. 0056 1, 500 0.8383
500 0. 9486 1,750 0. 8303
750 0. 9037 2,000 0.7571
1,000 0. 8694

Table 4-5 Consistency index K’ for the variation of temperature at constant concentration

Conc. Temp. Conc. Temp. Conc. Temp. ,
(PPM.) () log 10K ppiyy 'Sy log 10K (ppy .y ‘ccy log 10K
15 —0.7300 15 —0.7945 15 —0.8332
20 —0.7180 20 —0.7216 20 —0.5299
25 —0.9471 25 —0. 8804 25 --0. 8903
30 —0. 7459 30 —1.2430 30 —0.7169
0 35 —1.0716 250 35 —1.3908 500 35 —0. 4801
40 —0.8971 40 —1.5159 40 —0.7082
45 —1.3359 45 —1.0689 45 —1.0609
50 —0.8632 50 —1.1463 50 —0.7843:
55 —1.3423 55 —1.0428 55 —0.7414
15 —0.3468 15 0.5308 15 0. 0859
20 —0.3238 20 —0. 0205 20 —0.2103
25 —0.6344 25 —0. 3505 25 —0.0486
30 —0. 5902 30 —0.2619 30 0.0647
750 35 —0.4897 1,000 35 —0.1236 1,250 35 —0.2359
40 —0.4312 40 0. 0936 40 —0.2674
45 —0.4903 45  —0.5943 45 —0. 2952
50 —0.6214 50  —0.5068 50 —0.1554
55 —0.5778 55  —0.5816 55 —0. 3186
15 —0.0757 15 0. 1219 15 0. 5755
20 —0. 2504 20 —0.005 20 0. 3304
25 —0.1627 25 0. 1257 25 0.5147
30 —0. 0404 30 0.0791 30 1. 4289
1, 500 35 0. 3223 1,750 35 0.1690 2,000 35 0.3310
40 -0. 0868 40 —0.1517 40 0. 2355
45 0. 1079 45 —0.1104 45 0.0987
50 0.9896 50 0.1818 - 50 0.0905

55 —0.0518 55 —0.2097 55 0.0356
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Table 4-6 Consistency index K’ for the variation of concentration at constant temperature

Temp. Conec. P Temp. Conc. ., Temp. Conc. .
(°C) (P.P.M.) log 104K’ (°C) (P.P.M.) log 10*K (°C) “(P.P.M.) log 104K’
1) —0. 7300 0 — (. 7180 0 —0. 9471
250 —0.7945 250 —0.7216 250 —{. 8804
500 —0. 8332 500 —0. 8903 300 —0. 8903
750 —0.3468 750 —0.3238 750 — (0. 6344
15 1,000 —0. 20 1. 000 —0.0205 25 1,020 —0.3505
1,250 —0.0 1,250 —0. 0486 1,250 —(. 0486
1,509 -0 (757 1. 500 —0.2 1,500 —0. 1627
1,750 —0, 1219 1. 750 —0.0 1,750 (. 1257
2,000 0.5755 2,000 0.3 2.850 0.5147
0 —0.7459 0 —0.171 0 —0.8971 o
250 —1.2429 250 —1.3908 230 —1.5159
500 —0.7169 500 —0.4801 S0C —0.7082
750 —0. 5502 750 —0. 4897 759 —0.4312
20 1,000 —0.2619 22 1,000 —0.1236 10 1. 009 0.0936
1,250 0.0065 1,250 —0.2359 1,259 —0.2674
1, 500 —0.0404 1, 5C0 —0.3223 1. 500 —0.0868
1,750 0.0791 1.750 —0. 1690 1,750 — (. 1517
2,000 0.4012 2,300 0.3311 2.000 0.2355
0 -1.3359 0 —0.8632 0 —1.3423
250 —1.0689 gy —1.1463 250 —1.0428
500 —1,0609 500 —0.7843 500 —0.7413
750 —0.4902 790 —0.6214 750 —0.5778
45 1,000 —0. 5943 20 1,000 —0. 5068 55 1, 000 —0.5816
1,250 —0.2952 1, 250 —0. 1554 1, 250 —0.3186
1,500 0.1079 1,500 0.0245 1.5G0 —0.1219
1,750 -0.1104 1.750 0.1818 1.750 —0. 2097
2,000 0.0987 2.000 0. 0905 2,000 0.0356

Table 4-7 Linear equation of log 10¢K’ for P and T and mean value of log 10K’ for

concentration
Q4—1'1
Teorép Linear eqnation of log 104K’  P:P.P.M. T(eorg% Linear equation of log 10*K’ P:PP.M.

15 0.6707X 1073P—0.0011 40 0.7483X1073P~—1. 1939
20) 0.5717X 1073P—0. 8838 45 0.7152%1073P~1.2313
25 0. 7887 X 1073P—1.1781 30 0.7513%X10-3P—1.2099
30 0.8289% 1073P—1.2282 55 0.5637X1073P—1.0789
35 0.6666% 1073P—1. 1099

(4-7-2>

Cone. Linear equation of logl0*K’ P:P.P.M. Conc. Linear equation of log 104K’ FP:P.P.M
(P.p.M., -near el g T (PPML 8 £ P M
0 —1.2712%1072T—0. 5163 1. 230 —0.7595x1072T+0. 1124

250 —0.9724 X 1072 T —0. 7490 1. 500 1. 4368 X 1072T—0.4909
500 —Q.2428% 1072T—0. 6645 1.750 —0.1691X1072T+0. 1734
750 —0.4565X 10727 —0. 3408 2,000 —1.6349X1072T 440, 9767

1, 00 —2.0135% 10727 +0. 5031

(4-7-3)

PN, Meso valieof log 10 Bl Mesn value of log 100
0 —0.9613 1, 250 —0.1534

250 —1.0893 1.500 —0.1103
S00 —0. 7495 1.750 —0.0419
750 —0. 5006 2,000 0. 2765

1, 000 —0.3166
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gor —ed Fe ot (Table 4-4-3)

2 A—BEIAE BEe B Hebel o
£3} 28 ReT RT 4 Yok

n=—1.0765 % 10¢P-+0. 9915

o714 P SEPARAN NP-10 %Y HBE
ol P.P.Mol=}. ¥i¥Eg Vet & HEEB(Co-
nsistency Constant) K':=

D A—BEAMx BESL =tel o] &
2}z e} (Table 4-7-2).

2) A—BEAME BERLY =zt =39
Xo2 KT & gl

log 10¢K’=6.4785%10-4P—1.0529
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