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What is viscosity?

> F

Velocity u

dl _ udt
h ~  h
diy)=1

Relationship between shear strain rate 4 and shear stress 7
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n is typically a function of both shear rate, pressure, temperature

and fluid chemistry
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Viscosity measurement

M

Capillary viscometer

n = kpt

Capillary tube

k is the capillary constant
measured by a reference lig-
uid

p is the density of the fluid

Temperature can be varied but not pressure or shear rate
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Viscosity measurement

M

Cone on plate viscometer

n=kM/w

— k is the viscometer constant
m measured by a reference liquid

Fluid
»

! .
| e i | M is shear torque
| r 7|

w is the angular velocity

Temperature and shear rate can be varied but not pressure
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Viscosity measurement

Falling ball viscometer

L Fluid

Start

Finish

Surrounding fluid
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n=2r%(ps — ps) 9F/9u

g is the gravitational constant
u is the velocity of the sphere
ps is the density of the sphere
py is the density of the fluid

F = 1—2104(d/D) + 2.09(d/D)* —
0.9(d/D)’

d=2r

Temperature and pressure can be varied but not shear rate
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New viscometer concept

Strain!gauges
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Ift < r
M ~ 2rnwhrs
t
Tmaz = ﬂ(zr,]gj;?)

Temperature and shear rate can be varied but not pressure
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New viscometer concept
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Temperature, shear rate and

pressure can be varied
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e Dimensions?

e Torque?

e Material?
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Torque estimation based on Barus equation =
' . ~ 2
Barus equation: n = n,e®? M = 2r*mhn%
No =~ 0.1Pas, a ~ 20 - 10~9m? /N r =5mm, h = 25mm, t = lmm, w = 27/s
107 10
élol5 10
a. —_
210" s
2 %10O
§ 10° 5
%100 10°
10 . . . 10 . . .
0 500 1000 1500 2000 0 500 1000 1500 2000
Pressure [MPa] Pressure [MPa]

Possibility to encounter differences in torque during experiments.
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Torque estimation based on maximum shear
strength of oil

L =T, +ap M =~ 2nhrir,

T, ~ 15M Pa

a ~ 0.05

Torque [Nm]

0 500 1500 2000

1000
Pressure [MPa)

Dimensioning torque: 40NM. Number with some uncertainty.
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Design of strain gauge setup

Strain gauge from HBM

K-XY4x

Shearftorsion half bridge

Temperature response matched to customer's choice
see page 16

llustrations show actual size

Types available at short notice Varants | No- | Dimensions (mmjinch) | Max. perm. | Solder
minal effective | terminals
resis- bridge
tance ex.voltage

E
Measuring | Measuring )
grid grid carrier £

Steel Aluminum Other a o2 | ¢ | v

” 3 54 1

K-XY4x-3/120 | 120 | o175 12| 6211043 | 0315 5
Kxvax-6/120 | 120 [ 0% |l 0] oo oggs | 95
| Y Kxvax-3y350 | 350 |0 1% loiz| 001 ouss Loois | 95

o Il 1 12
i Koxvance(350 | 350 | o3 ol 0o s oaip | 16

421560 11 8
K-XY4x-3/700 | 700 |o11s |oi7| 02| 0433 0315 135

= 6.1 9! 122
Kexvaxcs/700_| 700 | S |t m} asolois | 2

3
(g

6
(0.236)
Contents per package: 5 ps.

9 Variants: Minimum order quantity: 3 packages
9 Types are only available with matching to aluminum, feritic or austenitic steel

Strains < 0.001 and uniform
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Design of strain gauge setup
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Design of strain gauge setup

Scale: 3.4
I

SECTION A-A
SCALE 2:1
SCALE 12
Screws
TA
DU  Technical University of Denmark Name: Peter Christiansen DI Technical University of Denmark Name: Peter Christiansen
= Depariment of Mecharical Engineering = Departmentof MechanicalEngineering TH. 4525 4753
= DK 2800 KgsLyngby Date: 120015 = DK 2800 Kgs.Lyngby Date:_12.0ct15
DB-nawn: [ ma [Mass Draw (0B) DB-navn [ wa [mass: Draw. (0B
Tite: Assembly Format: V4| Drawing no Tite: Cone Format: V4] Drawing no
Scale: 21

12 DTU Mechanical Engineering

=
—
=

M

Viscosity measurement at high pressures  20-10-2015



Design of strain gauge setup
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Design of strain gauge setup

Screws
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Design of strain gauge setup
LS-DYNA simulation

Effective Stress (v-m)
1.570e+02
1.413e+02 :I
1.256e+02 _|
1.099e+02 _
9.421e+01 _
7.851e+01
6.281e+01 ]
4.710e+01 _|
3.140e+01
1.570e+01 :I
0.000e+00
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Effective Strain (v-m)-Residual
1.359e-05
1.223e-05 :I
1.087e-05 _|
9.512¢-06 _
8.153e-06 _
6.794e-06
5.435¢-06 ]
4.076e-06 _
2.718e-06
1.359e-06 ]
0.000e+00
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Sealing between shaft and chamber =
Bridgman seal. 44° or 46°7?
Container
Shaft \
| Copper triangle

Rubber rectangle

— Rubber ring

»wj

Bridgman (1914)
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Bridgman seal
LS-DYNA simulation

Container

Copper triangle

Rubber seal
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Top element

Middle element

Lower element
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Bridgman seal

2500 : : : : - 300Q : : : ‘
T ] T 2500
é 2000 g .-
= =2000¢
o 1500 1 o
2 2 1500
g 1000 ] 96)_
> ) 1000
= 500 —44° lower element S so0df —46° lower element
& - —a& middle element & —46° middle element
g 44° top element 0 46° top element
50 ‘ ‘ ---Fluid pressure 50 ‘ ‘ ---Fluid pressure
CO 500 1000 1500 2000 250C 500 1000 1500 2000 250C
Fluid pressure [MPa] Fluid pressure [MPa]
44° triangle 46° triangle

46° gives larger closure pressure
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Possible material for construction

Uddeholm suggests to immerse possible tool steel candidates for
construction into relevant oils for corrosion testing.

Sverker 21 after immersion into TDN81 (chlorinated paraffin oil) for 14
days.
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Future challenges

M

e Chamber pressurization

e Wires from data aquisition inside chamber to outside

Questions?
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