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This article describes the design, start up, and some preliminary results of a rheometer that preshears
the test fluid and measures its elongational viscosities. Preshearing takes place within a concentric
cylinders arrangement. Fluid goes out from the lower part of the cylinders arrangement where an
elongational flow is produced, by means of a vacuum chamber, which draws out the fluid filament.
The influence of the preshearing history upon the elongational properties is analyzed. Data of
elongational stress, uniaxial stretch rate, elongational normal stress difference, and apparent
elongational viscosity are obtained. The rheometer design is based on a previous work by Sridhar
and GuptdRheological Act24, 207 (1985]. Glycerin was used as the test fluid. Stretch rates up to
1250 s * were found. Trouton’s ratios ranging from 2.6 to 3.6 were obtained20®2 American
Institute of Physics.[DOI: 10.1063/1.1494856

I. INTRODUCTION with water at a constant flow rate and it works as a pump

The elongational properties of most materials are ofpushing the testing fluid outside the container towards the
paramount importance for different applications, thereforerheometer. Both flow rates, water and test fluid, are bound to

there is a need for apparatuses capable of providing '[rustabPee tfll_e sametfacctor:dlng tto thﬁ pr|n0|tple tor: mass cotr\lier\fllatmn.
measures of the elongational viscosity under quasistead%et 0 quantify the water flow rate, there are two flow

elongational flow, since a pure extensional flow is difficult to erson the feed line, one analog and one digital, The flow
obtain. rate is controlled by means of a control system, which con-

ists of a flow meter, a solenoid valve, and the neoprene

While great advancements have been made in the deveg I Th t of testi terial doing inside the rh
opment of extensional rheometers for concentrated solution ’a oon. The amount ot testing material going inside the rhe-

the progress for dilute solutions has been relatively slow.Ometer is controlled with the opening percentage of the
Recently, some designs have been proposed and these mgVe:
rectify the problent™ In any case, imposing a constant
stretch rate on these fluids is important to obtain a well-
defined extensional deformation, but this has not been at- The preshearing section of the rheometeg)(Bonsists

tained in current devices. Consequently, there are few or nof two high-precision concentric cylinders joined together by
data on the steady extensional viscosity. The impetus for thiwvo metal lids(Fig. 1), the 10 mm gap between the cylinders

study of the extensional deformation of solution comes frombeing filled with a viscous testing fluid and the inner cylinder

B. Preshearing section

its importance in a variety of applicatiofs® made of aluminum with a diameter of 280 mm can rotate at
a steady angular velocity. The outer cylinder made of acrylic
II. DESCRIPTION OF APPARATUS stands still as it cannot rotate. The height of the cylinder is

600 mm. The dimensions of the cylinders were established to

F|g.ure 1 shows the general scheme of the c_)veraII sySten}-.\'nsure a long residence time of the fluid inside the preshear-
It consists of a fluid supply system, a preshearing section, afﬁg section, i.e., to diminish the helical flow as much as

elongational section, a vacuum generation system, and the

electronic instrumentation system. The various parts of th%OSSible' The rate of shear in the gap between cylinders is
) . Y B . P onstant since this gap is smaller compared with the inner
system are described in the following sections.

cylinder’s radius. To measure the stress inside the cylinders,
A. Fluid supply section three 200-mbars Druck™ pressure transducers are placed on
SEhe main body of the rheometéFig. 1). This section was
designed to support an inner pressure of up to<48 Pa.

ﬁA 15-mm perforation drainage is located, in the opposite side
I(;)f the pinhole.

The fluid supply system was designed to supply the te
fluid at a constant flow rate. The systéfig. 1) consists of
two closed interconnected cylindrical containers mounted o
a specially designed metallic structure. In the first containe
(Ry), a water column is set to a specific height, whereas th
empty space left is pressurized with nitrogen. The secon
container (R), is filled with the testing fluid. It also has a The elongational section is found where the fluid fila-
neoprene balloon fitted under its top lid. The balloon is filledment is formedFig. 1). This is in the gap between the lower

g. Elongational section
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FIG. 1. Scheme of overall system.

lid of the cylinders and the vacuum chamber. The fluid fila-flament extension distance. To measure the vacuum gener-
ment exits through a 1-mm flat pinhole, with a thickness ofated, inside the vacuum chamber, two one-bar Druck™

0.013 m, placed on top of a 2.7-mm perforation located ortransducers were positioned.

the cylinders lower lid. The pinhole is centered between the

two cylinders’ gap. The main function of the pinhole is to
control the filament diameter. The fluid filament is aligned

X i E. Electronic instrumentation system
with the center of the suction chamber. y

This system includes a filament visualization and mea-
surement module together with a virtual instrument that
make possible the data acquisition of the operating param-

The vacuum generation system consists of a vacuumaters, the fluid flow control, and the data processing.
pump, a vacuum trap, and a suction chamber. The chamberis The filament visualization and measurement module
an acrylic device specially designdéig. 2) to hold two  consists of a solid-state Kodak™ Megaplus change-coupled
pressure transducers and to suck the testing fluid filamerdevice(CCD) high-resolution digital camera IBM™ compat-
once the vacuum pressure is established. A one-bar vacuuilnle computer, a SVGA Display card 1 Mb memory, a solid-
pump is connected to the chamber for this purpose. The fluidtate Kodak™ Megaplus CCD high-resolution digital camera
filament is sucked through an existing 3-mm hole on top ofand camera control unit, a 55-mm micro Nikkor™ lens, with
the chamber. The suction chamber is movable to adjust thextension tube, a VGA computer monitor, Imagraph™ frame

grabber board, and a adapter box, Model Hidef Il, Image
Entrance hole application program software Omegatek™
Transducer 2 / The camera photographs and digitalizes the fluid fila-
face 7 Transducer 1 ment image with a 1317 horizontall035 vertical format.
The exposure time is set to 10 ms to ensure an undisturbed

} image. The camera is mounted on a moving platform capable

D. Vacuum generation system

/
m f\_

of moving upward and downward as well as forward and
away from the filament, in order to take full or partial fluid
filament photographs. Once the image is digitalized, it is
—1 transferred from the camera unit frame buffer to the com-
puter random access memory. Then, the image-processing
software locates the edges of the filament and measures the
¢ distance between them. Up to 99 samples along the filament
can be taken. Through a previous calibration procedure, the
software converts the distance between edges from pixels to
FIG. 2. Diagram of vacuum chamber. centimeters. The data are automatically stored in a hard disk

To vaccum
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FIG. 3. Comparison of diameter vs axial distance for filament with andrithm works out the control signaloltage. This is trans-
without vacuum, flow rate 30 mi/min. formed in a string format and sent to the dc power supply by

a serial communication via a RS-232 bus. The power supply
file for further treatment. The filament image is visualized inprovides a control signal of the actuator: a voltage-

the computer monitor; even though its definition is |0W€‘rproportional-electronic valve.
than the image used for the measurement.

The first part of the virtual instrument is the data acqui-|v. DATA PROCESSING
sition module that consists of a DAQ board, a personal com- he d o ied ith b
puter, and a specially design program. The DAQ is a multi- The aFa processing IS carrie out with a LabVIEW pro-
function /O data acquisition board model 6023E from9ram specially designed for the purpose. The data utilized
National Instrumentg§Austin, Texas. It is used to acquire the are: elongational stresatx=0), flow, material density, and

transducer signals. The board has eight differential inputgiameter profile. The calculated data: fitted diameter, axial

with a resolution of 12 bits and a sampling rate of 200 kS/s.VeIOCity’ stress rate, elongational stress, and apparent elonga-
jonal viscosity are plotted versus axial distance. Elonga-

The board is a multichannel one. One of the channels wag : S
programmed to drive the pressure transducers with the maxtional stress versus stretch rate is presented as an additional
mum entrance gaifil00) since their signal was in the range plot.
of =50 mV. Another channel was used to drive the tempera-
ture transducer with an unitary gain as the range of this sig\—/' EXPERIMENT
nal is 0-5 V. To evaluate the rheometer behavior, glycei®9% pu-

The data acquisition computer software is an instrumenrity) was used during the experiments. The glycerin shear
tation graphic code program developed in LabVIEW, whichviscosity (1.01 Paswas measured by carrying out a test in
is a National Instruments packag&ustin, Texay Many of  an AR1000-N rheometer from TA Instruments. The tests
its data acquisition functions are already in the libraries ofwere always performed at room temperat(aeound 20 Q.
the package, which makes its utilization easy. The developeth all tests the flow rate used was 30 ml/min.
software allows the conditioning, display, and data storage of ~ For this preliminary experiment, a 25-mm distance be-
the voltage signal generated by the transdutéfee per- tween the vacuum chamber and the pinhole was set. The test
sonal computer is used as the front panel of the data acquiluid is pumped from the container,RFig. 1) into the main
sition module. This panel displays the real-time graphics andbody of the rheometer (§8. Once the pressures insidg &e
the instant numerical values of the operating parameters. Theonstant, the steady state is achieved, and then the vacuum is
virtual panel has controls to switch on and off the systemapplied and the filament photograph is taken. Pressures, with
functions. It also has others that modify the parameters of thend without vacuum, are recorded. This procedure is re-

functions. peated three times in order to prove repetitively. Rotating the
internal cylinder with a constant angular velocity preshearing
IIl. AUTOMATIC CONTROL MODULE is applied to the test fluid. The procedure is repeated for

The data acquisition software simultaneously executes §very chosen angular velocity.

proportional integral derivative algorithm that provides the
automatic flow control. VI. RESULTS AND DISCUSSION

The measured flow comes from the digital flow meter  Figure 3 shows the plot for the filament with and without
through a serial communication via a RS-232 bus. The devacuum. Between both diameter profiles there is a consider-
sired flow is fed into the computer through the front panel.able difference in the last filament section, i.e., the section
With both values, the measured and desired flows, the algarearer the vacuum chamber. This difference indicates that the
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FIG. 5. Elongational stress vs distance, flow rate 30 ml/min.

vacuum does not affect the whole filament. This result wad he calculated stretch rates values range between 250 and
expected since glycerin is a Newtonian fluid. However, it hasl200 s * (Fig. 4).

been reported that for non-Newtonian fluids, the opposite ~ The elongational stress along the filament is worked out
results are obtained with a similar rheometer, the stretch rat@ith the following balance Eq(3). The first value is the
varies in a smoother wayNewtonian liquids have a Trou- Pressure difference insidezRwith and without vacuum,
ton’s ratio (ratio of extensional viscosity to shear viscogity Where the terms of gravity and surface tension are neglected.

of three. Figure 5 shows the variation of stress along the spinline.
T11— T i o
VII. CALCULATIONS (T11~ 722)i+1= Vis1 % E(le_wi)
Knowing the flow rate Q) and the fluid filament diam- pg( 1 1
eter (W), the velocity ¢) values are calculated using a mass —p(Vis1— V) + > \7+ V—)
balance equatiofil) Pl
4Q X (Xj+17Xi)- (©)
Ui:T,WiZ' @) The apparent elongational viscosity in each position is cal-
o ) culated from Eq(4)
The stretch rates) is worked out at several pointg) along
the fluid filament with Eq(2) (711~ T22)n
( 77ce)n:é—- (4)
. Vi1~ Viog 2 _ n _

D X1 —Xiiq Figure 6 shows Trouton’s ratios between 2.6 and 3.6 for
stretch ratios between 250 and 1250'Sit also shows pres-
hearing effects. It can be seen clearly that pre-shearing does

4 not modify the elongational viscosity. Another plot was pre-

25 | £ . o pared to check the viscosity value. Figure 7 shows the
40 g . X § f stress—strain relation. It can be appreciated that this relation
31 —k‘} ve . ” X is constant only in the final part of the filament. The gradient
.% 25 - “ of this graph is taken as the elongational viscosity. Both val-
o ues are in good agreement.
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