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Title of the experiments: o . EN—
Buoyancy-driven circulation of bubbly magma within a horizontal tunnel due to ]

density variations caused by separation of bubbles. ”
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~ Individuals performing the experiments:

YT T

Dr. Jeremy C. Phillips
——  Centre for Environmental and Geophysical Flows, University of Bristol
Department of Earth Sciences, Wills Memorial Building S

T T

I
Queen’s Road, Bristol BS8 1RJ, UK w o
T \ T .
[ Phone: +44 (0)117 954 5241 B
L Fax:+44 (0)117 925 3385 N
Email: J.C.Phillips@bristol.ac.uk _ ]
T T T T

Dr. Thierry Menand S—
——  Centre for Environmental and Geophysical Flows, University of Bristol S
Department of Earth Sciences, Wills Memorial Building

Queen’s Road, Bristol BS8 1RJ, UK T
L ; T
—r——  Phone: +44 (0)117 954 5243 _ ST
Fax: +44 (0)117 925 3‘385 ﬁ__ ._Iﬂ,;,____,__
Email: T.Menand@pbristol.ac.uk - B =2
I S
[
e 1,___[_._...1,.___Ml,_w,-
_____ Rational for the experiments: E—
Following intersection of the rising magma with a tunnel, a pathway will likely be o
' established to the surface. Magma will then flow through this pathway for days to T
—— weeks, impacting the performance of engineered structures located along or near the L I
L flow path. Convective circulations may occur in magma-filled structures due to gas e B
exsolution and segregation. A number of different flow regimes may develop, S
depending on the volume flux of magma through the system, the size of bubbles in the
— T magma, and the geometry of flow system. The flux of magma through the dike may T
————  drive arecirculating flow within a drift, which may result in the entire volume of the R e
tunnel being exchanged with the dike. Conversely, there may be stagnant regions S

where the magma has a long residence time. Vapor bubbles also will exsolve or grow
— T+ from the magma. If the bubble size is large, the bubble rise speed may be large
——r— compared to the flow within a drift, resulting in significant melt-bubble separation in T
the drift and the formation of a coalesced foam at the drift roof. This process may
result in foam collapse, which can drive fire-fountain eruptions. Along with the foam
T collapse, dense degassed magma may drain back into the dike/conduit system and
—r— possibly be re-entrained into the ascending magma flow. Time scales for foam LI R
collapse and flow recirculation may depend critically on the geometry of the dike-drift — ———myoe!
intersection and the angle of the tunnel to the dike. ‘
The first series of experiments described in this notebook investigate the buoyancy-
—— driven exchange flow between a vertical dyke abutting an open or closed, horizontal
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e tunnel in the special case where the fluids in the dyke and the tunnel are bubble free ~ ————— I— . L
and of different densities and viscosities. These experiments serve as a background Buoyancy-drlven Flow T
| T 0 s : : : T T T T T 1 — ]
study for the more realistic case where the fluid contains bubbles. The dynamics of R
r this bubbly case is investigated by a second series of experiments and we anticipate 7 — T A—
—r— that the presence of the bubbles will enhance the exchange flow between the dyke and —— I
the tunnel owing to their separation from the fluid in the tunnel. ; T
Baaao g P | T T T 1 S S
e e e ¢ — _ .
—r— Description of the analogue experimental system =1 | e ———t ' —
e Description of the apparatus E— | e
The apparatus consists of a series of interlocking glass process tube making a loop | T —T T T
g such that one of the vertical conduits of the loop, representing a dyke, is connected to ' | e N
e a side arm tube, representing a tunnel (see figure below). The glass process tube has —T T ‘ I )
e an internal diameter of 40 mm and the side arm length can be varied from 150 mm R : S B
upwards. In some experiments a gate was fitted at the entrance to the side arm to | ' ]
; separate the fluids prior to starting an experiment, in the case of the fluid in the side ’ ¢ T B i
My arm having a different density from that in the rest of the flow loop. The apparatus ig T ‘ ——— o . .
S filled with a salty aqueous solution and bubbles are generated by electrolysis usinga ~ ———— | I B
nickel gauze as the anode and a platinum wire as the cathode that are both immersed - 1
into the vertical conduit well below the connection with the tunnel. Part of the loop is | L o) ——T T
——  a pump such that the fluid can be made to flow with a controlled and constant flow T T ] — T — ]
1T rate. —_— . ' : N B ]
b () ERadc: DaNE &
W meE . 5 T T ]
Experimental materials ; o '% L
r Most of the working fluids are aqueous solutions containing various amounts of - R = UV S—
R dissolved salt (Sodium Chloride) and Natrosol (hydroxyethylcellulose). The salt e — B
provides the drive for the electrolysis as well as a control on the density of the fluid — B
while the natrosol is a food polymer that allow solution viscosities to be varied T T T T
g without affecting other properties. Densities are calculated by weighing a known - —T—T SRR S
e volume of each fluid. Viscosities are measured over a range of shear rates with a — T S
. . . . . . 1 KR SRR SR R
Haake RV20 Rotovisco rotating cylinder viscosimetre using the sensor system S
MS5/MV1. ( T T T T
EEm B EERE T T T T
— 1 Experimental method EEEEEE T A——.
pe The !‘oop is first filled with this solution. A background fluid flow is set in the loop if ~ —— .
required and the power supply connected to the nickel gauze and the platinum wire is — ' o
; switched on to start the electrolysis and generate bubbles. The flow patterns in the L B G s B L
1T conduit and the side arm are recorded using a digital video camera. Qf T ) — ——
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ExpN° Rhol Rho2 w1 w2 g mm/s mmA3/s A(mm) B(mm) C(mm)

Buoyancy—driven Bubb]y Flow ? O FLCW[ Newtfluid 77 14017 1360.9 2.67 1.14 0.30 150 215 40
; “ ¥ 78  1401.6 1360.9 1.19 1.10 0.30 150 215 40
79  1386.3 1345.9 1.20 0.62 0.30 150 215 40
80 1360.9 1321.3 1.11 0.24 0.30 150 215 40
» : : w, Vw81 1360.9 1321.3 1.28 0.01 0.30 150 215 40
- f £ 82 1411.3 1370.9 1.01 1.43 0.29 150 215 40
| : ~ 83 1370.8 1350.9 0.94 0.57 0.15 150 215 40
85 1390.0 1350.9 1.01 0.62 0.29 150 215 40
—T t 87 1409.0 1350.9 1.13 0.58 0.43 150 215 40
, ; ‘ Natrosol® 16  1000.8 1044.0 0.46 0.42 0.43 150 190 40
Bubble diameter ~ 50 Lm - 17 1015.2 1044.0 0.53 0.54 0.28 150 190 40
18 1029.6 1044.0 0.57 0.62 0.14 150 190 40
Gas flux: 32 - 185 mm3 s-! | : ; 13 1044.4 1015.2 2.07 0.68 0.29 150 190 40
: ‘ 14 1044.4 1015.4 1.84 1.43 0.29 150 190 40
T~ | 15  1044.4 1015.6 1.73 1.75 0.28 150 190 40
—_ ) 28  1029.5 1000.7 0.23 0.25 0.29 150 290 40
] , 29  1015.2 1000.8 0.65 0.48 0.14 150 290 40
S : 30 1029.8 1000.8 1.36 0.62 0.29 150 290 40
r— : ' 31 1029.6 1001.0 0.68 1.16 0.29 150 290 40
= 32 1029.6 1000.8 0.91 0.83 0.29 250 190 40
' ~ 33 1029.6 1000.8 0.62 0.70 0.29 250 190 40
— 34 1044.0 1000.8 1.01 0.96 0.43 250 190 40
= 35 1044.2 1001.0 2.67 2.67 0.43 250 190 40
Nickel = 36 1029.6 1000.8 0.49 0.49 0.29 150 390 40
anode . 37  1044.0 1000.8 0.55 0.62 0.43 150 390 40 .
34 P = 38 1044.2 1000.8 1.21 0.63 0.43 150 390 40
| == 46 1044.4 1000.0 0.85 0.00 0.44 150 215 40
" " lsthum 47  1044.4 1000.8 1.40 0.55 0.43 150 215 40
e 48  1044.7 1000.8 3.56 0.55 0.44 150 215 40 i
: 49  1044.7 1015.2 3.30 0.55 0.29 150 215 40
T ! 54 1044.0 1001.5 0.49 3.73 0.42 150 215 40
| smallgate 50 1044.0 1000.8 0.45 0.54 0.43 150 190 28 _
: 51 10447 1000.8 4.05 0.57 0.44 150 190 28
o - 52 1044.7 1015.2 3.01 0.45 0.29 150 190 28
e i " 3UBBLY | Natrosol® 59  1022.1 1019.7 0.08 1.80 0.02 185.00 150 190 40
: ' FLOW 60 1022.1 1018.5 0.08 0.08 0.04 18500 150 190 s | |
i z 61 1022.1 1015.6 0.05 2.43 0.06 187.00 150 190 40
| : 62 1022.1 1018.8 0.05 0.69 0.03 187.00 150 190 40
63 1022.1 1015.2 0.06 0.67 0.07 187.00 150 190 40 B
64 1022.1 1019.2 0.13 2.47 0.03 9251 150 190 40
- 65 1022.1 1018.5 0.09 0.12 0.04 9251 150 190 40
66 1022.1 1019.2 0.11 2.45 0.03 4025 150 190 40 .
; 67 1022.1 1018.5 0.07 0.04 0.04 4011 150 190 40
, [ FLOW | Newtflud 84 1370.8 1350.9 0.95 0.60 0.15 9.44 150 215 40
S| ' | " LOOF 86 1390.0 1350.9 0.93 0.60 0.29 10.64 150 215 40
: ' I3 88  1409.0 1350.9 0.94 0.64 0.43 10.85 150 215 40
\E‘ Natrosol® 39  1029.6 1000.8 0.36 0.36 0.29 25.81 150 190 40
.- T | 40 1029.6 1000.8 0.43 0.43 0.29 37.15 150 190 40
PR o ; \ 41 1029.6 1000.8 0.54 0.63 0.29 16.03 150 190 40 )
: 43 1029.6 1000.8 0.57 0.64 0.29 17.31 150 190 40
g » : : 44  1044.0 1000.8 0.39 0.46 0.43 25.50 150 190 40 -
Witnessed & Understood by me, | Date | Date | Witne § ; 45 1044.0 1000.8 0.53 0.50 0.43 36.00 150 190 40
A {c} S ,
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Solution 1: 2wt% NaCl + 0.2wt% natrosol ‘ ‘
s
- Tube: ID=1.8mmandL=10cm —_r
Intensity 0.5 0.4 0.3 0.2 0.1 SR
T At At At At At
L 2.74 4.67 6.37 13.04 4223 ]
2.9 4.41 6.85 11.64 38.64 —
T 3.07 4.2 5.82 12.73 41.65
——— 2.94 4.4 5.96 12.27 46.8 T
3.01 4.35 7.7 11.98 37.77 E—
— T T : '
L mean At 2.932 4.406 6.540 12.332 41.418 L
uncertainty 0.056 0.076 0.341 0.252 1.592 ———
e —— :
T Q (m3/s) 8.68E-08 5.78E-08 3.89E-08 2.06E-08 6.14E-09 L
3Q (m3/s) 2.53E-09 1.57E-09 242E-09 6.27E-10 2.98E-10 ]
A
t—1T I R R
I Solution 2: 2wt% NaCl + 0.1wt% natrosol —_—
1 Tube: ID=1.8mmandL=10cm T ‘
- Intensity 0.5 0.4 0.3 0.2 0.1 N A B
At At At At At
3.96 5.2 7.34 12.09 21.67 '
- 3.5 527 7.5 135 22 T T
3.24 6.18 8.24 13.5 22.45 I
T 3.64 5.1 7.44 11.7 21.89
- 3.25 6.64 7.84 11.47 23.6 T 1
T meanAt 3518 5680  7.672 12452  22.322 o
— T T uncertainty 0.134 0.308 0.165 0.439 0.344 LA S
Q (m3/s) 7.23E-08 4.48E-08 3.32E-08 2.04E-08 1.14E-08 9 / oo 1. I
—r— T 8Q (m3/s) 3.48E-09 2.88E-09 1.05E-09 9.25E-10 2.90E-10 o ‘/ P
. e
S B Solution 2: 2wt% NaCl + 0.1wt% natrosol T
A 2nd set of measurements due to leaks in 1st. ——
T Tube: ID=1.8mmandL=10cm T
- Intensity 0.5 0.4 0.3 0.2 IR
At At At At not enough
L 3.49 4.64 5.66 9.81 NaCl left in
- 3.15 4.07 6.44 10.51  solution for LR e
3.14 45 5.94 10.24 measurement
T 3.11 4.03 6.11 107 atl=01A 4
——— 2.91 4.66 6.25 9.34 T T
" mean At 3.160 4.380 6.080° 10.120
T uncertainty 0.093 0.138 0.133 0.246 T T
Q (m3/s) B8.05E-08 5.81E-08 4.19E-08 2.51E-08 je No.
8Q (m3/s) 3.18E-09 241E-09 1.34E-09 8.62E-10 ‘
Witnessed :
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Solution 3: 2wt% NaCl + 0.3wt% natrosol

Tube: ID=1.8mmandL=10cm

Intensity 0.52 0.41 0.3 0.21 0.1 o
At At At At At
3.27 4.37 7.25 11.11 28.41 B
34 5 6.89 9.88 24.3 -
3.16 4.45 6.44 10.49 246 ‘
3.25 4.16 6.61 12.79 26.71 1
4.4 6.77 11.22 26.94 -
mean At 3.270 4.476 6.792 11.098 26.192 o
uncertainty 0.038 0.140 0.137 0.486 0.770 —
Q (m3/s) 7.78E-08 5.69E-08 3.75E-08 2.29E-08 9.72E-09 .
8Q (m3/s) 1.69E-09 2.35E-09 1.13E-09 1.23E-09 3.83E-10 .
Solution 4: 2wt% NaCl + 0.4wt% natrosol e
Tube: ID=1.8 mmand L = 10 cm T
Intensity 0.4 0.3 0.2 0.1 —
At At At At o
5.14 7.19 10 22.76
4.84 7.36 10.75 21.08 R
5.61 6.96 10.79 21.7 —
4.6 6.59 10.44 21.14
4.44 6.95 9.67 21 I
mean At 4.926 7.010 10.330 21.536
uncertainty 0.208 0.130 0.217 0.330 M
Q(m3/s) 5.17E-08 363E-08 246E-08 1.18E-08 N
8Q (m3/s) 2.70E-09 1.04E-09 7.65E-10 2.99E-10
Solution 5:  3wt% NaCl + 0.1wt% natrosol T
Tube: ID=18mmandL=10cm _
Intensity 0.61 0.5 04 0.3 0.2 0.1
At At At At At At .
2.79 3.75 4.5 5.64 9.08 19.32 o
2.81 3.54 4.44 5.95 9.18 19.18
2.66 3.46 4.78 6.04 9.38 18.48 ]
2.94 35 4.74 5.77 8.84 18.68 -
2.7 3.76 4.58 5.94 9 18.88
mean At 2.780 3.602 4.608 5.868 9.096 18.908 —
uncertainty 0.049 0.064 0.066 0.072 0.090 0.155 ]
Q (m3/s) 9.15E-08 7.06E-08 5.52E-08 4.34E-08 2.80E-08 1.35E-08 - ]
8Q (m3/s) 2.52E-09 1.96E-09 1.35E-09 9.64E-10 5.57E-10 2.45E-10 -

From Page Mo, Solution 6:

Intensity

mean At

Q (m3/s)
8Q (m3/s)

Solution 7:

Intensity

mean At

uncertainty

Q (m3/s)
3Q (m3/s)

Solution 8:

Tube:ID=18mmandL=10cm

uncertainty

Tube:ID=1.8mmandL=10cm

Tube: ID=18mmand L=10cm

3wt% NaCl + 0.2wt% natrosol

0.61 0.51 04 0.3 02 0.1
At At At At At At
2.76 3.6 5 6.88 9.87 22.14
2.78 3.62 5.14 6.84 10.18 23.46
2.79 3.37 4.85 6.26 9.81 22.81
2.68 3.68 4.8 6.69 10.14 21.61
2.64 3.48 5.04 6.87 10.04 21.31
2.730 3.550 4.966 6.708 10.008 22.266
0.030 - 0.055 0.062 0.117 0.073 0.393

9.32E-08 7.17E-08 5.12E-08 3.79E-08 254E-08 1.14E-08
1.94E-09 1.84E-09 1.16E-09 1.04E-09 4.39E-10 3.16E-10

3wt% NaCl + 0.3wt% natrosol

0.61 0.5 0.4 0.3 0.2 0.1
At At At At At At
2.81 3.5 5.14 7 10.97 23.7
2.85 - 4.06 5.39 7.19 11.04 23.65
2.78 4.01 4.76 6.94 10.97 23.55
2.89 3.94 4.84 6.96 11.04 23.24
2.74 3.78 4.54 7.05 10.89 24.81
2.814 3.858 4.934 7.028 10.982 23.790
0.026 0.101 0.149 0.045 0.028 0.267

9.04E-08 6.60E-08 5.16E-08 3.62E-08 2.32E-08 1.07E-08
1.75E-09 2.39E-09 207E-09 5.92E-10 2.90E-10 2.27E-10

3wt% NaCl + 0.4wt% natrosol

Witnessed & Understood by me,

Date Invented by TQ/ Date
{ os/m~8/03
Recorded by / 3/
ol

T Intensity 0.6 0.5 0.4 0.3 0.2 0.1
R At At At At At At
2.9 3.17 46 6.36 9.83 24.6
L 2.31 3.13 4.25 6.18 9.34 24.09
S 2.5 3.42 4.44 6.17 9.7 24.33
2.75 3.37 4.37 5.78 8.12 24.49
L 2.66 3.32 4.34 5.93 8.53 24.43
T [ T T ]
mean At  2.624 3.282 4.400 6.084 9.104 24.388
T uncertainty  0.102 0.057 0.059 0.102 0.334 0.086
Q(m3/s) 9.70E-08 7.75E-08 5.78E-08 4.18E-08 2.80E-08 1.04E-08
or 3Q (m3/s) 4.73E-09 2.11E-09 1.35E-09 1.12E-09 1.31E-09 1.41E-10
1 T 1 ¥ T
. —_
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Tube: ID = |1.8 mm and L = 10 cm

Intensity © 0.5 0.4 0.29
At At At
3.43 4.03 | 5.19
3.36 3.97 | 5.59
3.1 3.85 5.62
3.37 3.79 577
2.9 3.87 594

mean At 3.232 3.902 5.622
uncertainty 0.101 0.043 0.125

Q(m3/s) 7.87E-08 6.52E-08 4.53E-08
8Q (m3/s) 3.24E-09 1.37E-09 1.46E-09

|
Solution 10: 2wt% NaCl + 0.5wt% natrosol

Tube:ID=18mmandL=10cm

Intensity 0.51 0.4 0.3 0.2 0.1
At At At At At
2.97 4.21 6.11 8.96 21.69
3.59 4.01 5.56 8.07 21.46
3.41 417 5.63 877 | 21.34
2.95 423 + 6.39 8.54 21.53
2.73 4.11 544 = 857 22.03

mean At 3.130 4.146 5.826 8.582 21.610
uncertainty  0.159 0.040 0.181 0.149 0.119

Q (m3/s) 8.13E-08 6.14E-08 4 37E-08 2.97E-08 1.18E-08
8Q (m3/s) 4.95E-09 1.20E-09 1.80E-09 8.10E-10 1.}82}E-10
‘ Coe |

Solution 11: 1wt% NaCl + 0.1wt% natrosol

Tube: ID=1.8mmand L=10cm

Intensity 0.2 0.1
At At
10.31 20.17
10.26 21.49 :
10.96 19.73 :
9.99 19.96
10.12 21.03

mean At 10.328 20.476
uncertainty 0.168 0.336

Q(m3/s) 2.46E-08 1.24E-08
3Q (m3/s) 6.46E-10 3.28E-10

Difficulties to keep intensity constant.
Ultimately, not enough NaCl left in solution.
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Solution 12:  1wt% NaCl + 0.2wt% natrosol ,
Tube: ID=18mmandL=10cm I
Intensity 0.3 0.2 0.1 ,
At At At
6.26 9.68 22.644 m
5.43 10.07 21.24 -
5.89 9.7 20.52
5.8 9.98 20.69 T
6.03 9.66 20.78 ;
mean At 5.882 90.818 21.175 T
uncertainty  0.137 0.086 0.386 Y
Q (m3/s) 4.33E-08 2.59E-08 1.20E-08 '
8Q (m3/s) 1.44E-09 4.86E-10 3.39E-10 T
—_—
Solution 13: 1wt% NaCl + 0.3wt% natrosol T
Tube:ID=18mmand L =10cm '
Intensity 0.2 0.1 T
At At :
8.89 21.51
8.6 21.68 '
8.59 20.88 :
8.66 22.03
9.22 20.74 r
T
mean At 8.792 21.368
uncertainty  0.120 0.244 '
T
Q(m3/s) 2.89E-08 1.19E-08
5Q (m3/s) 6.84E-10 2.55E-10 '
Solution 14: 1wt% NaCl + 0.4wt% natrosol '
1}
Tube: ID=18mmandL=10cm |
Intensity 0.2 0.1
At At T
9 20.77 l
9.07 20.77
9.07 21.57 T
8.73 21.73 :
8.83 20.09
¥
mean At 8.940 20.986 .
uncertainty 0.068 0.299
Q (m3/s). 2.85E-08 1.21E-08 .
3Q (m3/s) 5.02E-10 2.94E-10 :
Date Invented by f, Date
29/,
Recorded by T /03/a£
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Fi Solution 15: 1wt% NaCl + 0.5wt% natrosol 7
- Tube: ID=1.8 mmand L =10 cm
Intensity 0.2 0.1

B At At
- 9 20.77

8.69 20.34
B 8.69 20.37
— 8.91 21.23

8.72 - 20.55
= mean At 8.802 20.652
B uncertainty 0.064 0.164
— Q (m3/s) 2.89E-08 1.23E-08
| 8Q (m3/s) 5.00E-10 2.21E-10
| Solution 16: 4wt% NaCl + 0.1wt% natrosol
— Tube: ID=1.8 mmandL=10cm
- Intensity 0.81 0.7 0.6 0.5 0.4 0.3 0.2

At At At At At At At

B 2.37 2.63 2.83 3.39 5.69 6.46 9.89
| 2.13 25 2.91 3.45 5.77 6.15 9.74

1.97 - 2.4 2.93 3.63 578 6.64 9.98
B 2.16 2.4 2.91 3.5 5.2 6.05 9.8
- 2.06 2.6 2.97 3.82 5.17 6.62 9.95
B mean At  2.138 2.506 2.910 3.558 5.522 6.384 9.872
— uncertainty 0.067 0.048 0.023 0.077 0.139 0.121. 0.045
B Q (m3/s) 1.19E-07 1.02E-07 8.74E-08 7.15E-08 4.61E-08 3.99E-08 2.58E-08

3Q (m3/s) 3.18E-09 5.38E-09 1.92E-09

— Solution 17: 4wt% NaCl + 0.2wt% natrosol

B Tube: ID=1.8 mmand L = 10 cm

— Intensity 0.8 0.7 0.6 0.5 0.4 0.3 0.2

B At At At At At At At
2.04 253 2.97 3.88 475 6.58 10.26

— 217 233 2.88 3.59 4.84 6.27 9.25

N 2.04 225 2.99 3.85 517 574 10.17
213 2.87 3.08 3.77 523 6.15 9.77

~ 1.99 253 2.89 3.87 518 6.33 10.2

mean At 2074 2502 2962 3792 5034 6214  9.930
— uncertainty 0033 0107 0037  0.054 0099 0138  0.191
| Q(m3/s) 1.23E-07 1.02E-07 8.59E-08 6.71E-08 5.08E-08 4.10E-08 2.56E-08

0.1
At
21.33
20.83
21.43
20.83
21.32

21.168
0.120

1.20E-08
— 6Q (m3/s) 4.90E-09 2.97E-09 1.56E-09 225E-09 1.62E-09 1.15E-09 3.76E-10 1.88E-10

0.1
At
24.29
24.97
24.56
24.34
23.33

24.298
0.270

1.05E-08
1.63E-09 1.50E-09 1.32E-09 7.48E-10 2.21E-10

Witnessed & Understood by me, Date
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Invented by ‘//ﬂﬁ/
Recorded by ﬁ
Vd

2 3/ &5/0_3

B Solution 20:

Project No._ 26222 .o/ . 20

TITLE Book No._Cé (. - 33
P ) P ~ g, i
. & 078 YA !
F Solution 18:  4wt% NaCl + 0.3wt% natrosol e ,_L/Z_ L
u Tube: ID = 1.8 mm and L = 10 cm .
i Intensity 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 i
At At At T At At At At At :
- 1.95 2.69 3.28 4.29 4.97 5.41 11.1 24.67 n
B 2.15 2.68 3.24 3.85 5.09 5.71 11.33 25.37 a
1.94 2.4 293 . 384 471 6.66 10.92 23.43
— 1.97 2.57 312 4 5.47 6.67 10.78 23.53 7
N 2.18 2.92 2.99 3.73 4.96 6.07 11.2 24.65
— mean At 2.038 2.652 3.112 3.942 5.040 6.104 11.066  24.330
B uncertainty  0.052 0.085 0.068  0.097 0.124 0.252 0.098 0.371
— Q(m3/s) 125E-07 9.60E-08 8.18E-08 6.46E-08 5.05E-08 4.17E-08 2.30E-08 1.05E-08

- 8Q (m3/s) 4.45E-09 4.03E-09 2.61E-09 2.23E-09

- Solution 19: 4wt% NaCl + 0.4wt% natrosol

Tube: ID=1.8mmandL=10cm

L Intensity 0.8 0.7 0.6 05 0.4
At At At - At At
B 2.01 2.32 2.89 3.61 4.69
- 2.1 2.37 2.75 3.68 4.49
i 1.82 2.49 2.97 3.73 4.5
1.75 2.43 2.91 3.66 5.01
= 1.95 2.31 3.05 3.57 4.59
mean At  1.926 2384 2914 3650  4.656
- uncertainty  0.063  0.034  0.050 0028  0.096
Q (m3/s)

1.23E-09

4wt% NaCl + 0.5wt% natrosol

Tube: ID=1.8 mmand L=10cm

1.75E-09 2.14E-09 4.34E-10 2.64E-10 ]

0.3 0.2
At At
6.71 11.51
8.57 11.89
6.46 10.83
6.8 11.17
6.69 11.11
6.646 11.302
0.059 0.182

1.32E-07 1.07E-07 8.73E-08 6.97E-08 5.47E-08 3.83E-08 2.25E-08 9.77E-09

B 8Q (m3/s) 5.66E-09 2.59E-09 2.36E-09 1.67E-09 7.24E-10 5.89E-10 2.59E-10

0.1 .
At
27.29
25.93
24.61
26.05
26.32

26.040
0.430

V)7

. Intensity 0.8 0.7 0.6 0.5 04 0.3 0.2 0.1
- At At At At At At At At -
i 1.95 2.41 2.6 3.04 4 5.58 10.49 22.62 N_
1.88 2.14 2.71 3.38 3.63 5.59 10.03 23.04
— 1.75 2.47 2.63 3.01 3.99 5563 10.32 22.87
B 2.05 2.34 243 3.23 4.19 547 10.48 23.61 -
2.23 2.17 2.78 3.62 3.92° 5.88 9.8 23.92
B mean At 1.972 2.306 2.630 3.236 3.946 5.610 10.224 23.212 -
uncertainty 0.081 0.065 0.059 0.098 0.091 0.071 0.135 0.240
K Q (m3/s) 1.29E-07 1.10E-07 9.68E-08 7.86E-08 6.45E-08 4.54E-08 2.49E-08 1.10E-08 -
‘ 8Q (m3/s) 6.58E-09 4.22E-09 3.14E-09 3.16E-09 2.13E-09 1 .03E-09 5.77E-10 2.23E-10
: ‘ 7 ]
Witnessed & Understood by me, Date Invented by (L/L Date
Recorded by ’2;( /o 343
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F Solution 21:  5wt% NaCl + 0.1wt% natrosol |
— Tube: ID=1.8mmandL=10cm ‘ 7]
B Intensity 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 ]
At At At At At At At At
— 2.29 2.62 3.07 4.17 462 6.46 10.61 23.16 -
n 2.32 2.57 3.14 4.05 477 6.52 10.49 22.94 _
2.29 2.46 3.13 3.83 4.69 6.58 10.63 22.56
[~ 2.28 2.47 3.04 4.07 483 6.55 10.64 22.91 a
n 2.18 2.53 3.13 . 3.73 4,76 6.76 10.36 22.6 -
— mean At 2.272 2.530 3.102 - 3.970 4.734 6.574 10.546 22.834 7]
| _ uncertainty 0.024 0.030 0.020 - 0.082 0.036 0.051 0.054 0.112 -
B Q(m3/s) 1.12E-07 1.01E-07 8.20E-08 6.41E-08 5.38E-08 3.87E-08 2.41 E-OB 1.11E-08
L 5Q (m3/s) 2.30E-09 2.21E-09 1.35E-09 1.96E-09 9.48E-10 6.85E-10 3.64E-10 1.66E-10
- Solution 22: 5wt% NaCl + 0.2wt% natrosol -
B Tube: ID=1.8mmandL=10cm 3
— Intensity 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 .
B At At At At At At At At .
2.15 2.87 3.33 4,58 5.63 6.74 11.22 22.59
— 2.12 2.93 3.17 4.3 5.8 6.69 11.15 2274 7
B 2.33 2.69 3.29 4.29 5.87 717 10.85 22.77 -
2.17 2.69 3.25 4.45 6.13 7.27 10.86 22.29
— 2.28 2.53 3.52 4.42 5.2 6.62 10.95 22.22 h
B mean At . 2.210 2.742 3.312 4.408 5.726 6.898 11.006 22.522
— uncertainty 0.040 0.071 0.058 0.053 0.154 0.134 0.076 0.114 B
Q(m3/s) 1.15E-07 9.28E-08 7.68E-08 5.77E-08 4.44E-08 3.69E-08 2.31E-08 1.13E-08 |
B 8Q (m3/s) 3.25E-09 3.35E-09 2.12E-09 1.28E-09 1.64E-09 1.08E-09 3.91E-10 1.70E-10
B Solution 23:  5wt% NaCl + 0.3wt% natrosol ]
— 2
B Tube: ID=1.8mmand L=10cm : .
intensity 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1
- At At At At At At At At .
B 2.04 2.45 3.04 473 5.78 7.46 11.67 20.63 -
2.03 2.44 3.77 4.1 5.73 8.65 11.93 23.19
— 2.14 2.33 3.39 4.29 5.73 8.83 11.68 22.16 7
B 2.01 2.31 3.76 4 5.56 8.59 10.58 22.59
2.04 2.51 3.53 4.07 5.61 8.53 11.83 24.78 E
- mean At 2.052 2.408 3.498 4,238 5682 = 8.412 11.538 22.670 -
uncertainty 0.023 0.038 0.135 0.132 0.041 0.243 0.244 0.676 |
n Q (m3/s) 1.24E-07 1.06E-07 7.27E-08 6.00E-08 4.48E-08 3.03E-08 2.21E-08 1.12E-08 a
‘ 3Q (m3/s) 2.61E-09 2.72E-09 3.54E-09 2.47E-09 7.74E-10 1.18E-09 6.88E-10 4.47E-10 |
Witnessed & Understood by me, Date Invented by Iﬁ__ Date
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T T T Solution 1: 2wt% NaCl + 0.2wt% natirosol . T T f T T T 1 Solution 3: 2wt% NaCl + 0.3wt% natrosol LI B T
T T T T T T | T T T T T
T Strain rate  Viscosity Uncertainty f ' o ] Strainrate Viscosity Uncertainty
T T T (s-1)  (Pas) (Pas) : moroTe T (s-1) (Pas) (Pa s) T
I 50.3 0.0202  0.0017 A R — 50.3 0.0378 . 0.0016 — 1
: 100.7 0.0171  0.0009 100.7 0.0349  0.001 ; |
L 150.4 0.0158 .~ 0.0007 oo o T 150.3 0.0308  0.0008 Co
— 200.9 0.0151  0.0008 e e 200.7 0.0277  0.0006 ————
: 250.7 0.0141 ~ 0.0004 .‘ 250.5 0.0255  0.0003
L B 301.2 0.0133  0.0002 L T 300.8 0.024  -0.0002 o
R : 351.1 0.0129 . 0.0002 1 e N — 350.5 0.0229  0.0002 1
400.9 0.0125 _ 0.0002 : 400.3 0.0221  1.00E-04
L b 4512 0.012 0.0002 eror L 450.6 0.0213  1.00E-04 T
S 500.9 0.0118  0.0002 T S 500.4 0.0204  0.0002 T
551.3 0.0116  0.0002 S e ' 550.7 0.0199  0.0003 o
T 600.9  0.0115  0.0002 600.4 0.0194  0.0003 ‘
T T T T T 651.1 0.0113 0.0003 I T T 7 1 ¥ ] T T T T T ‘ 650.8 0.0189 0.0003 T 1 1 T
- 701 0.0112  0.0002 R ——— 700.5 0.019 0.000 S
751.4 0.0111  0.0002 : 750.8 0.018 0.000
el e 801.2 0.0109  1.00E-04 B S S R B RN B s 800.6 0.0177  1.00E-04 T
A 850.9 0.0108  1.00E-04 S e 850.3  1.74E-02 2.00E-04 I
. ) 901.2 0.0106  0.0002 L 900.7  1.70E-02 2.00E-04
g 951 0.0105  0.0003 L B s aa 9504  1.67E-02 0.0003 L
L 1001 0.0104  0.0004 N — 1001 0.0164  0.0003 N
H T T T ] H ¥ I i [ I i T T T T | T A‘) T T T T
O Solution2:  2wt% NaCl + 0.1wt% natrosol e B : e Solution4:  2wt% NaCl + 0.4wt% natrosol g“ e
)
L » Strain rate  Viscosity Uncertainty Trr T T Strain rate  Viscosity Uncertainty \G\\' o
S— N (s-1) (Pas) (Pa s) N e e T T (s-1) (Pas) (Pas) N1
Q 50.3 0.0107  0.0014 ] 0.0503  0.0873  0.0023 N
T T 100.7  0.0081  0.0008 o T T 0.1007  0.0666  0.0009 g T
— 9 150.5 0.0076  0.0006 B LA e s py e 0.1499 0.057  0.0009 T T
o~ 201.1 0.0071  0.0004 0.2003 0.0504  0.0007 ﬁ ‘
T T 2509  0.0069 - 0.0002 T T T 02502  0.0458  0.0005 o
T T T T T QY 301.4 0.0067 0.0002 T i L T T l T T T T T T 0.3007 0.0421 0.0003 i I ! i
O 351.1 0.0067  0.0002 I 0.3505  0.0393  0.0002 /. I
L 400.9 0.0067  0.0002 L 0.4003 0.037  1.00E-04 !
— T 451.2 0.0063  1.00E-04 T T T T T 0.4506 0.0351  1.00E-04 [\/ T T
_ 500.9 0.0062  0.0002 S e 0.5004  0.0334 1.00E-04 A
551.3 0.0063  0.0002 0.5507  0.0319  0.0002
T 1 601 0.0063  0.0003 T L 0.6003  0.0308  0.0002 T T T
— 651.3.  0.0062  0.0002 ‘ P — — 0.6505  0.0297  0.0002 e
701.1 0.0062  1.00E-04 0.7004  0.0287  0.0002
T T , 751.4 0.006 0.000 L L 0.7508 0.028 0.000 L
- 801.2 0.006 0.000 : T R — 0.8006 0.027 0.000 T
850.9 0.006  1.00E-04 0.8503  0.0263  0.0002
T T 901.2  6.10E-03 2.00E-04 L U 0.9007  2.57E-02 2.00E-04 oo
——— 951 6.20E-03 3.00E-04 L B s e ————————T 0.9504 2.51E-02 3.00E-04 — T
, 1001 0.0065  0.0003 - 1.001  2.45E-02 3.00E-04 _
1 T T T T T T T T T T T T T T 1 T T T T TO Page No'—m-“ [{ 1] T T ¥ T T . T T T T T T 1 T T T T Ll L) T T T ' T To Page No.
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Solution 5:

3wt% NaCl + 0.1wt% natrosol

Strainrate Viscosity Uncertainty

From Page No.

Solution 7:

Strain rate  Viscosity Uncertainty

T T

_3wt% NaCl + 0.3wt% natrosol

T 1 1 T (5'1) (Pa S) (Pa S) i'l T T T T T
S — 50.3 0.0003 0.000547 L L
100.7 0.0033  0.000962 a .
T 150.4 0.0043  0.000705 o
P —1 200.7 0.004  0.000428 — T
. 250.5 0.0041  0.000378 -
A 300.8 0.0042  0.000279
S — 350.5 0.0042° 0.000259 L e e
400.3 0.0046 - 0.000275 S
torT 450.6 0.0044 0.000238
e 500.6 0.0044  0.000213 T T
551.3 0.0045 0.000351 -
T 600.4 0.0046  0.000354
e 650.8 0.005 0.000 L R B R
e 700.5 0.005 0.000 —
750.9 0.0046  0.000163
T 800.8  4.90E-03 1.20E-04 L B I
S 850.7  5.20E-03 1.91E-04 —— T
901 0.0055  0.00027
L 950.9  5.80E-03 5.71E-04 T T
S 1001 0.0059  0.00048 e
T { 1 T r\\ ¥ ¥ T ] T T
v
— ; . (\‘ Solution 6: 3wt% NaCl + 0.2wt% natrosol I S A
oo Tt Strain rate Viscosity Uncertainty T
R S B (s-1) (Pas) (Pas) Y
o 50.3 0.021 0.0015 —
o 0 100.7 0.018 0.001
TS 150.4 0.0162  0.0006 L
N o 200.7 0.0152  0.0008 ———
~ 250.5 0.0138  -0.0003
S < 300.8 0.0133  0.0002 L L
X 350.6 0.0127  0.0002 R —
Q 400.5 0.0123  0.0002
I 4512 0.0118  0.0002 ro b
e 500.9 0.0114  0.0003 L B
: 551.3 0.0108  0.0002
L 600.6 0.0108 ~ 0.0002 Tt
S 650.9 0.011 0.000 — T
700.8 0.011 0.000
L 751.2 0.0105  1.00E-04 S
S— 801.2 0.0103  1.00E-04 T T
850.9 0.0101  1.00E-04 —_—
L B 901.2 0.0101  0.0002
SN — 951 9.90E-03 2.00E-04 T T
o ; 1001 9.90E-03 3.00E-04 S
T T T T T T 1 T T T T T T T T T
To Page No.
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T T T 1 (s-1) (Pas) (Pa's)
S— 50.3 0.0469  0.0043 e s
100.7 0.0382  0.0019 S
L L 150.4 0.034 0.0012
1 200.8 0.0309  0.0009 —— T
250.7  0.0284  0.0005 S
T 301.3 0.0265  0.0003
e 351.1 0.0252  0.0002 ———T
400.9 0.024 0.0002 —
oot 4512 0.0229  0.0002 ‘
T T T T T 500.9 0.0221 1.00E-04 ¥ T T ' T
551.3 0.0212  0.0002 S
T T 601 0.0206  0.0003
R B 651.2 0.02 0.0003 L
——— 701.1 0.0195  0.0003 —
751.4 0.019 0.0002 ‘
T 801.2 0.019 0.000 L L
e 850.9 0.018 0.000 S —
- 901.2 0.0178  0.0002
T T TR 951 1.73E-02 3.00E-04 T
R \ 1001 1.70E-02 3.00E-04 T
AV
T T 7 q 1 ! L !
—T Solution 8: 3wt% NacCl + 0.4wt% natrosol LA A
T Strain rate  Viscosity Uncertainty T
v J 1 T T (s-1) (Pas) (Pas) T | — T
Q 50.3 0.0997  0.0033 o
L 100.7 0.0748  0.0018
N 150.4 0.0633  0.0017 T
O 2007  0.0555  0.0011 R
L 250.5 0.0497  0.0007
Ty~ 300.8  0.0453  0.0005 T T
R o 350.6 0.042 0.0003 S
400.4 0.0394  0.0002
L 451 0.037 0.0002 oro T
I 500.9 0.0353  0.0002 S
551.3 0.0334  0.0002
L 600.7 0.0321  0.0002 orot
. 650.9 0.0309 ~ 0.0002 e
700.7 0.0299  0.0002
L B R — 751.2 0.029  0.0002 o
e 1 801.2 0.028 0.000 L L
850.9 0.027 0.000 I
T T 901.2 0.0267  0.0002
— 1 951 2.62E-02 3.00E-04 L
1001 2.55E-02 3.00E-04 I
T T T T T
T T T | . B T T T T T ¥ L T | ! ! T To Page No.
Witnessed & Understood by me, Date Invented by T . ‘| Date
Recorded by ;ﬁ/ 0’8/1]
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Solution 9: 3wt% NacCl + 0.5wt% natrosol

Strain rate  Viscosity Uncertainty

T

* (s-1) (Pas)  (Pas)
1 50.4 0.1598  0.004

100.8 0.1154 0.003

‘ 150.4 0.094 0.0018

- 200.9 0.0807 0.0011
250.8 0.0715 0.0007

' 301.4 0.0649 0.0005

o 351.1 0.0596-  0.0004
400.9 0.0554 .. 0.0002

451.2 0.0522 - 1.00E-04

1 500.9 0.0494 1.00E-04
551.3 0.0468 0.0002

601 0.0448 0.0002

' '651.2 0.043 0.0002
701.1 0.0414 0.0002

751.4 0.0401  1.00E-04

1 801.2 0.039 0.000
, - 850.9 0.038 0.000

901.2 0.0365 0.0002

' 951 3.55E-02 2.00E-04

. 1001 3.49E-02 2.00E-04

T T T T L T ¥ T T T
S —— (.,,Z Solution 10: 2wt% NacCl + 0.5wt% natrosol LN B
T ' Strain rate Viscosity Uncertainty o
T T T 1 y (s-1) (Pa s) (Pas) T T T | I—
e - 50.4 0.1575  0.0033 B

Q) 100.7 0.1155 0.0034
e ~__ 1504  0.0946  0.002 L B B
e ) 201 0.0809  0.0013 e
~ 250.9 0.0718 - 0.0008
T T J = 301.3 0.065 0.0005 T T
N 9 351.1 0.0598  0.0003 — T
400.9 0.0558 0.0002
L i 451.2 0.0522  1.00E-04 o
—— , 500.9  0.0493  0.0002 —
551.3 0.0466 0.0002
T ' 601 0.0446  0.0002 T
R . 651.3  0.0429  0.0002 T
701.1 0.0412 0.0002
T ' 751.4 0.0399  1.00E-04 S
= T T T 801.2 0.038 0.000 LA A
850.9 0.037 0.000
T ' 9012 00363  0.0002 e
Tt T T 951 3.51E-02 2.00E-04 T ' '
I . 1001 3.43E-02 3.00E-04 —
T T T T T T T T T T T T T T ¥ ! ! T ' To Page No.
Witnessed & Understood by me, Date Invented by }ﬁ,ﬁ Date
Recorded by T lg/OS/O_?
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L B R B Solution 11:  1wt% NaCl + 0.1wt% natrosol T T T
T T T T
T Strain rate  Viscosity Uncertainty
T [ T T T T (5_1) (Pa S) (Pa S) T T T T
———— 50.3 0.0052  0.0012 —
100.7 0.0055  0.0009
T 150.6 0.0057  0.0008 S
T 201.2 0.0056  0.0006 S S
251 0.0055  0.0003
T 301.4 0.005 0.0003 et
T B e 351.1 0.005  0.0003 e
400.9 0.0049  0.0004
oo 451.2 0.0047  0.0002 o
e S S 500.9 0.0047  0.0002 R
- 551.3 0.0047  0.0003 e
601 0.0046  0.0003 |
T T T T 651.3 0.0046  0.0003 e N R
I 701.1 0.0046  0.0003 T
751.4 0.0047  0.0003
T T T 801.2 0.005  0.0002 LA R R
N 850.9 0.0053  0.0002 S
901.2 0.0056  0.0003
L B 951 0.0058  0.0003 L
- 1001 0.0072  0.0011 —
T T T T 1 T ¥ T I H
— T T Solution 12: 1wt% NaCl + 0.2wt% natrosol A R .
A 3
TTTTN Strain rate  Viscosity Uncertainty \ﬁ L
T T T T T T (s-1) (Pas) (Pas) ‘ T T T T
0 50.3 0.0199  0.0015 :
T T 100.7 0.0167  0.0008 o
T T T T T % 150.4 0.0149 0.0008 T T T 1
) 200.7 0.0136  0.0007 I
T Tt 250.5 0.0129  0.0003
— T T 300.8 0.0123  0.0002 — T
350.5 0.0119  0.0002 _ _
o T 400.4  0.0115 1.00E-04
e 451 0.0112  1.00E-04 LI
N 500.9 0.0109  1.00E-04 —
5513  0.0108  0.0003 |
L 600.4 0.0106  0.0003 P
R 650.8 0.0105  0.0004 N
700.5 0.0104  0.0003
T T T T 1 750.9 0.0103  0.0003 L
— 800.8 0.010 0.000 ST
850.6 0.010 0.000 '
AL L 900.9 0.0101  0.0002 T
T T T T T T 9509 990E"03 200E-04 ‘ i T T T
1001 9.90E-03 3.00E-04 I
i ¥ T 1 1 T 1 T T T T T T T T T To Page No-
Witnessed & Understood by me, Date Invented by Q Date
Recorded by Y (5/93/03
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o Solution 13: 1wt% NacCl + 0.3wt% natrosol L B R R
1 ] T T ] T T
T Strain rate  Viscosity Uncertainty i
LA L AL (s-1) (Pa's) (Pa's) L
——— 50.3 0.044  0.0019 P
100.7 0.036 0.001 !
T 1504 0.0311  0.0007 EE
e 200.7 0.0277  0.0005 S
250.5 0.0257  0.0004
T T 300.9 0.024  0.0002 o
—————T— 350.8 0.023 . 0.0002 oo e e
400.8 0.0219  1.00E-04
T T 451.2 0.0211  1.00E-04 o
———— 1 500.9 0.0204  1.00E-04 e e
. 551.3 0.0197  0.0002 B
600.7 0.0192  0.0002
T 650.9 0.0188  0.0002 I
—— 700.7 0.0182  0.0002 e
751.2 0.0179  1.00E-04
e 801.2 0.018 0.000 LA B B
— - 850.9 0.017 0.000 O —
901.2 0.0168  0.0002
LA A B 951 1.64E-02 3.00E-04 [
— 1001 1.62E-02 4.00E-04 S —
T T T T T {;\; f T T T T J
— 1T Solution 14: 1wt% NaCl + 0.4wt% natrosol T T T 7
oo Strain rate  Viscosity Uncertainty o
T T T T T (s-1) (Pa s) (Pa s) T T T T T T
oA 50.3 0.1038  0.0024 I
T T Ty 100.7  0.0767  0.002 o
————=_ 150.4 0.0645  0.0014 L R
0 200.7 0.0565  0.0009 —
T T T 250.5 0.0507 . 0.0007
1 T p— 300.9 0.0461 0.0005 T ' '
o« - 350.8 0.0429  0.0003 N
') 400.7 0.0401  0.0002
T T T 4512 0.0378  1.00E-04 L AL L
. 500.9 0.0359  0.0002 R
551.3 0.0343 - 0.0002
T T 600.7 0.033  0.0002 L
— 650.9 0.0318  0.0002 — T
700.6 0.0308  0.0002
L B 751.1 0.0299 1.00E-04 L
—— 801.2 0.029 0.000 T
850.9 0.028 0.000
LN B B 901.2 0.0274  1.00E-04 L
— 1 951 2.68E-02 2.00E-04 L
. 1001 2.62E-02 2.00E-04 —
I T 1 T T T T T T 1 T T T T 1 T T T T TO Page No.
Witnessed & Understood by me, Date Invented by Date
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Solution 15:

1wt% NaCl + 0.5wt% natrosol

Strain rate  Viscosity Uncertainty

(s-1) (Pas) (Pas) |
LA S B R 50.3 0.1646  0.0059 L LA
S 100.7 0.1194  0.0044 — T
150.4 0.0976  0.0023
L 200.7 0.0835  0.0016 T
-— 250.6 0.0738  0.0009 e
301.1 0.0667 . 0.0006
— 1 1 1 7 351 0.0613 - 0.0004 T
- 400.9 0.057  0.0002 —— T
4512 0.0532  0.0002
L A A 500.9 0.0505  0.0002 T
—— 551.3 0.0479  0.0002 — T
600.8 0.0458  0.0002 R
L 651 0.044  0.0002
1 701 0.0424  1.00E-04 T T
751.4 0.0408  1.00E-04 I
L 801.2 0.039 0.000 /
T T  — 850.9 0.038 0.000 7 LA T
901.2 0.0371  0.0002 A
o 951 3.61E-02 2.00E-04 (\7&
— T 1001 3.52E-02 3.00E-04 ¢ ] TTTTT T 1
¥ T I T [ L\\f T ¥ 3 T ¥
T T T T Solution 16:  4wt% NaCl + 0.1wt% natrosol T
T T T T T
o Strain rate  Viscosity Uncertainty
T T (s-1) (Pa's) (Pas) o T
— 50.3 0.0062  0.0015 T
100.7 0.0066  0.0008 \
L L 150.4 0.0062  0.0007 S
e 200.9 0.0059  0.0005 T
250.7 0.0058  0.0003 N
T 3012  0.0055  0.0002 o
P 351.1 0.0054  0.0002 & L ——
400.9 0.0054  1.00E-04 -
Tt 451.2 0.0051  1.00E-04 ‘
T 500.9 0.0051  0.0002 I
551.3 0.0051  0.0002 .
T 600.9 0005 00003 |
— T 651 0.0051  0.0003 LA R
R 701 0.005  0.0002 S —
751.4 0.005  1.00E-04
T T T T 801.2 0.005 0.000 L
N 850.9 0.005 0.000 — T
901.2 0.0057  0.0002
o 951  6.00E-03 2.00E-04 o
N 1001 6.20E-03 3.00E-04 ————
ot T To Page No.
Witnessed & Understood by me, Date Invented by ‘Lz_ Date
Recorded by "2 j/’j‘/o.?
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1 T 1

Solution 17

Strain rate  Viscosity Uncertainty

(s-1)
50.3
100.7
150.5
201
250.8
301.3
351.1
400.9
451.2
500.9
551.3
601
651.1
701.1
751.4
801.2
850.9
- 901.2
951
1001

{ i 1

(Pa's)
0.0151
0.017
0.0158
0.0149
0.0143
0.0137
0.0131
0.0126
0.0122
0.0121
0.0119
0.0119
0.0117
0.0116
0.0114
0.011
0.011
0.0111

1 I I

(Pas)
0.0016
0.0009
0.0007
0.0008
0.0003
0.0002

1.00E-04

1.00E-04
1.00E-04
0.0002
0.0003
0.0003
0.0004
0.0003
0.0003
0.000
0.000
0.0002

1.10E-02 2.00E-04
1.09E-02 3.00E-04

i i i

4wt% NaCl + 0.2wt% natrosol

I T ] \,‘r\ T T T T
T Solution 18:  4wt% NaCl + 0.3wt% natrosol ror T
) i T T ] T
o Strain rate  Viscosity Uncertainty .
—— (s-1) (Pas)  (Pas) o
— 50.3 0.0536  0.0017 S
100.7 0.0428  0.0008
T 1504  0.0371  0.0006 ST
I 200.8 0.0335  0.0005 G
250.6 0.0308  0.0003 SR
T 3011 0.0287  0.0002 Q‘
—— 351.1 0.0272  0.0002 U  p—
400.9 0.026  0.0002 B
T 4512 0.0249  0.0002
—t 500.9 0.0237  0.0002 T T T
- 551.3 0.023  0.0003 A
600.9 0.0223  0.0003
—— 651 0.0217  0.0003 L L
- 701 0.0212  0.0003 e
751.4 0.0206  0.0002
—— 801.2 0.020 0.000 T T
e 850.9 0.020 0.000 R
901.2 0.0193  0.0002 I
—— 951 1.88E-02 3.00E-04 o
L 1001  1.85E-02 4.00E-04 T
T S P Page No.
Witnessed & Understood by me, Date Invented by (‘.—/O"“ Date
Recorded by L $(/‘73/03
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Solution 19:

Strain rate  Viscosity Uncertainty

i 1 1

4wt% NaCl + 0.4wt% natrosol

T i U 1 4 i

(s-1) (Pas) (Pa's) ;
. ; 50.3 0.0945  0.0075 L R B B
100.7 0.0758  0.0038 S
tor ‘ 150.4 0.065  0.0022 |
e [ 200.8 0.0571  0.0013 L
250.7 0.0513  0.0008 E—
o ' 301.2  0.0469  0.0005 |
R ; 351.1 0.0435  0.0003 R
RO ' 400.9 0.0409  0.0002 T
451.2 0.0386  1.00E-04
R ; 500.9 0.0367  0.0002 T
N . 551.3 0.035  0.0002 e
600.9 0.0336  0.0002
L i 651 0.0324  0.0002 T T
R , 701 0.0314  0.0002 T
751.4 0.0305  1.00E-04 I
. 801.2 0.030 0.000
S 850.9 0.029 0.000 L
901.2 0.0281  0.0002 R
T 951 2.75E-02 2.00E-04
e 1001  2.69E-02 3.00E-04 T
] [} f i | T T T 1 T
e - Solution 20: 4wt% NaCl + 0.5wt% natrosol T
T 1 i T T
ol ' Strain rate  Viscosity Uncertainty
e T ?6’ (s-1) (Pas)  (Pas) L L
50.4 0.1849  0.0079 e
o No 100.8  0.1316  0.005
R I ) 150.5 0.1056  0.0028 T
I o 2009  0.0896  0.0016 T
N 250.8 0.079 0.001
. o\ 301.3 0.0712  0.0006 A
S Q 351.1 0.0652  0.0004 T —
400.9 0.0606  0.0002 o
AL ' 451.2 0.0567  0.0002
R : 500.9 0.0535  0.0002 — T T
551.3 0.0506  0.0002 I
T : 600.9 0.0484  0.0002
ey , 651.1 0.0464  0.0002 e
700.9 0.0447  0.0002 R
T ' 751.4 0.043  1.00E-04
e R : 801.2 0.042 0.000 T T
850.9 0.040 0.000 1
e ' 901.2 0.0392  0.0002
Ty -j 951 3.82E-02 3.00E-04 ot T
e o 1001  3.74E-02 2.00E-04 DRI ———
t.
T ¥ Y ™ ' ' ' To Page No.
Witnessed & Understood by me, Date Invented by :0—;/2—‘ Date )
Recorded by s %3/>3
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T Y T T T T T T T T T T T T T T T T T T T f ! T [ T T T T T T i T T I f [ I T f 1 1 v i J
From Page No. ‘ From Page No. ] l l . ;
LA | Solution 21:  5wt% NaCl + 0.1wt% natrosol T T T L '
o Strain rate  Viscosity Uncertainty o T Solution 23:  5wt% NaCl + 0.3wt% natrosol T
T T T T T T T T T T T T T T T T T
(5561?3 é%"’; 13()5 éPO% 1521 L . T Strain rate  Viscosity Uncertainty o
T T T . . . T T T T . ;
S 1007 00088  0.001 | ] o =1) (Pas)  (Pas)
T T T T T ’ ’ ) T T T T T ! T T Y — I ' ' ' '
150.4 0.0079 0.0007
R _ 200.9 0.0075 0.0006 e — R . 50.3 0.0517 0.0028 ————
: . : ) 100.7 0.041 0.0009
—_— gg?-g 3-88(75; g-gggg S S B R 150.4 0.0361  0.0008 T
. : . , , : 201 0.0326 0.0006 ‘ .
—r————— 3511 0.0065 - 0.0003 T T 2508 00302  0.0005 B
Lo 223"2 : 8'882? ‘ 8'g88§ o L A B L | 301.3 0.0284  0.0003 T
‘ . . . 351.1 0.027 0.000 .
T ! T T ! 5009 0.0059 0.0003 . > T T T 1 ¥ 400.9 0.026 0.000
S — 5:31-3 8-gggg‘ 8-8382 T T T ; ey 451.2 0.0245  1.00E-04 T T T T
o o1 000 00004 . | e 500.9 = 2.35E-02 2.00E-04 —
. . . i ‘ 551.3 2.26E-02 2.00E-04
— r — » 701 0.0056 0.0003 s m S o I — . — 601 0.022 0.0002 e T
. . . } 701.1 0.0209 0.0003 1
r T T Y T ;‘850.9 0.006 0.000 r T 1 1 ‘[ —— ; . 751 4 0.0203 1. 00E-04 T T I T
—— \,’ BRI o0 —— T | S 801.2  0.0199 1.00E-04 —
5 . - . - ‘ 850.9 0.0194 0.0002
T T T T T 1001 680E-03 200E-O4 r T T T 1 ) T i - [ T T T 9012 0019 00002 » T T T T T
— —r—T—1 ! — 951 0.0186  0.0002 ———T—
j 1001 0.0182 0.0003
— T . Solution 22: 5wt% NaCl + 0.2wt% natrosol Tt 1T T ;( e e R o
S T T , . . . J r7 ! T | T T T | — = T — T
Strain rate  Viscosity Uncertainty : 09 /.l o -r-rD
! T ' ! ?)4 (s-1) (Pas) (Pa s) l l I ' I l i T 1 T q T oo I TR S T T T L - (ree "J;’_/—i| ' I | ' /
ANy 50.3 0.0251 0.0019 ——T1T ~ T T
T T 100.7  0.0206  0.0009 | | T e
! ! ' ro Q 150:4 0:0,185 0:0005 o T ! ! ’ T T 1 (e S S — a— T T T T 1 | R e — T — II/I T T
' I ; . . - 201 0.0169 0.0006 l T T T T T ; r { . q ; i i f ) l T T T T T T T T T T T T / T T T T
250.8 0.0154 0.0004 o
&Y 301.3 00145  0.0003 T ! T T e s o
I I T I I (B 351.1 0.0142 0.0002 T T T T f I 1 T T T T T Y T T T Y T T T T T T T T i T T T T T T T
400.9 0.0137 0.0002 !
A B 4512 00132  0.0002 T T T T T
T . T . : 500.9 0.013 0.0002 T T T T T t . ' ' : S : — : . , : T ; T /: T T T T T T | — T
551.3 00127  0.0002 | —
l T ' ' 600.9 0.0126 0.0003 ' ' ' ' I ! T [ T T T T T T T T T T /K T T T T T T T T T T T T T
— I — 651.1 0.0124 0.0004 T 1 T i T : T " 7 |/ I S B B B B T | T T
701 0.0123 0.0003 !
T T T T T 751 4 0.0122 0.0002 T T T T ! | T T T T T T T i T I/' T T T T T T T T T T T T T T T T T
T T T T T . 801 72 0’012 0.000 J ! T ! T ! i i T i T i l/ i T f T 1 T I T f T ! I ! I ! ' ' ! !
T gg?g 006011127 006000002 - R
T 951 1.16E-02 3.00E-04 T T e A S B A B e e e e e L S e A
— T T T 1001 1.13E-02  3.00E-04 1 ' ' ! ' ! T //I/ T T T T T T T T T T T T T T T T T T T T T T T
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GS Solution 1:  48wt% Golden Syrup + 4wt% NaCl

Strain rate Viscosity Uncertainty

(s-1) (Pas) (Pas)
50.2 0.0117 0.0014
100.6 0.0102 0.0008
149.8 0.0103 0.0008
200.1 0.01 0.0007
249.9 0.0099 0.0003
300.2 0.0097 . 0.0002
350 0.0097 0.0002
3997 0.0096 0.0002
450.1 0.0095 0.0002
500 0.0096 0.0002
550.6 0.0096 0.0002
599.9 0.0098 0.0002
650.2 0.0098 0.0003
699.9 0.01 0.0002

750.3 0.01 1.00E-04

800 0.0102  1.00E-04

849.8 0.0102  1.00E-04
900.1 0.0103 0.0002
950 0.0103 0.0002
0.0104 0.0003

1000.5

f et T T T T T I T T T T T T T T T T T T 1T

o viscosity (Pa s) . B ' | ' ~
~ 48wt% Golden Syrup - 4wt% NaCl N
0.014 — A T I l l .
0.013 |7 e O e e . -
_ , | : , : —_
€ 0.012 e s —
= —
z
S 0011 e S e -
2
Pz —
| | XX
| 0.01 frooe Pl o : éw} T _
SEEEX] _
| 0 200 - 400 600 800 1000 1200
} ' . strainrate (s7).. - ( —
i o : L -
e T T T T T T T T T [I(i / /2/ 200 ZS , ) (“\( ? . —
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