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CAPLLARY MICROVISCOMETER 

FIELD OF THE INVENTION 

0001. The present invention refers to a capillary microvis 
cometer, which allows measuring the Viscosity of liquids 
comprising a micro-manufactured microchannel (microcap 
illary) made of a single biocompatible material, closed at one 
end thereof, wherein the liquid to be measured enters through 
the open end driven by the capillary pressure. From the mea 
Surement of the position (and/or velocity) of the liquid menis 
cus versus time, it is possible to obtain the values of capillary 
Viscosity and pressure. 

BACKGROUND AND ADVANTAGES OF THE 
INVENTION 

0002. When studying the physical and chemical properties 
of a fluid, it is important to determine the viscosity thereof. To 
this end, viscometers are used allowing to test fluids at dif 
ferent flow regimes and at different flow velocities. 
0003. There are a great number of industries and research 
fields wherein Viscosity measurement is a routine assay, for 
example, in petroleum refining, lubricating oils production, 
emulsions in the pharmaceutical industry, printing inks, diary 
production, among others. 
0004. In some applications, such as analysis of biological 
fluids, Suspension particles alter fluid viscosity in relation to 
flow velocity. For these rheological fluids or non-Newtonian 
fluids, viscometers capable of reporting viscosity values for 
different Velocity gradients are designed. 
0005. In cases where limited volume of sample is avail 
able, it is necessary to have devices that can operate with 
volumes less than a few micro-liters of liquid. 
0006. There are three common types of viscometers which 
differ by the physical principle by which they operate. The 
first one, referred to as Stokes-type, consists in analyzing the 
movement of a body within a fluid and calculating the vis 
cosity from the drag force exerted on the body. 
0007. In the second one, which is of Rotating type, the 
liquid is inserted in a cavity formed by a fixed portion and a 
rotating cone. Cone rotation induces a rotational movement in 
the fluid whose viscosity can be obtained from the ratio 
between rotation speed and torque applied to the cone. 
0008. In the third type, referred to as capillary viscometer, 
the fluid moves through a capillary tube and dynamic param 
eters, such as position, Velocity or flow rate, Versus time are 
recorded. 
0009 Stokes-type viscometers are not capable of measur 
ing non-Newtonian fluids due to limitations on the operating 
physical principle. Conventional capillary viscometers 
require minimum sample of about 2 milliliters and are easy to 
operate, but require that a known pressure difference between 
their ends be established, and on the other hand, are often not 
Suitable for measuring non-Newtonian fluids. Rotary viscom 
eters can measure viscosities at different Velocities to char 
acterize non-Newtonian fluids, and on the market there are 
versions that operate with about 200-microliter samples, 
though their operation requires greater training and skills. 
0010. There are a number of patent documents related to 
viscometers. The closest to the present invention is disclosed 
in U.S. Pat. No. 7,188,515, differing from the present inven 
tion in several aspects, particularly, in that the device 
described in such patent is based on the fluid velocity analysis 
in a capillary open at both ends, requiring an additional cap 
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illary to measure capillary pressure. The present invention 
refers to a single closed capillary, where the dynamics of fluid 
motion is described by other equations. As provided by the 
present invention, it is possible to simplify the manufacture of 
these devices, maintaining the advantage of being able to 
analyze liquid Volumes less than one micro-liter. 
0011. On the other hand, the device of the present inven 
tion is more reliable as to the measurements made since in the 
viscometer reported in U.S. Pat. No. 7,188,515, viscosity is 
obtained by measuring two separate parameters (capillary 
Velocity and pressure), one of which (capillary pressure) pre 
sents wide result scatter because it greatly depends on manu 
facturing conditions. 
0012 Such U.S. patent provides a micromachined capil 
lary viscometer, where the liquid flow is driven by capillary 
pressure. However, there are significant differences listed as 
follows: 1) The liquid to be measured moves along a capillary 
with both ends open; 2) Capillary pressure is determined by 
observing how far the liquid enters a capillary of known 
volume; 3) Liquid velocity measurement is performed with 
electrical contacts spaced along the capillary; 4) It is manu 
factured with a glass wafer and a silicon wafer welded 
together; in the present invention both caps are manufactured 
in the same material; and 5) Temperature control of the fluid 
to be measured is not considered. 
0013. It can be also mentioned the device described in 
Japanese patent JP 61-161437 (A), wherein viscosity of the 
liquid is determined by measuring the fall speed of a bar of 
known dimensions and density immersed in the liquid to be 
tested. It differs from the present invention in that the opera 
tion principle is different because it is not a capillary but a 
Stokes-type viscometer, wherein the liquid to be measured is 
resting. Moreover, it is not a micromachined device. 
0014. Also, in the Revista Chilena de Tecnologia Médica, 
volume 13, No. 1 pages 617-623, 1990, an article on human 
blood Viscosity and the implementation of a simple method 
for whole blood and plasma—normal values—is disclosed. 
In that article, Viscosity measurements are performed in 
human blood from various patients. For this, a device previ 
ously reported by B. Pirofsky in the scientific article: “The 
determination of viscosity in man by method based on Poi 
seuille's law.” J. Clin. Invest. 32, 292-298, 1953, is used. It 
applies the principle of determining viscosity from the time a 
known Volume of liquid takes to move along a capillary of 
known size. Such disclosure differs from the invention herein 
in the following aspects: a) It requires a large amount of 
sample: 2.5 ml; b) the pressure difference driving the liquid is 
provided by gravity, and capillary effects are neglected; c) 
The liquid flows in a tube open at both ends, d) Flow rate is 
determined by knowing the initial volume of the liquid and 
measuring the time of passage through the given capillary, 
and e) It is neither micromachined nor able to be integrated 
into a semiautomatic device. 

(0015 With respect to U.S. Pat. No. 6,412,336 B2, which 
discloses apparatuses which determine a liquid viscosity by 
its flow velocity through a capillary tube of known dimen 
sions, it differs from the present invention in that: a) The 
liquid flows through a tube open at both ends; b) the pressure 
difference which drives liquid movement is given by gravity 
and capillary effects are neglected; and c) The liquid flow rate 
is determined by measuring the weight of the liquid spilled 
Versus time. 

0016. As to U.S. Pat. No. 4,441,358, it relates to appara 
tuses which determine liquid viscosity by its flow velocity 
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through a capillary tube of known dimensions. It differs from 
the present invention in that: 1) The liquid flows through a 
tube open at both ends; 2) The pressure difference which 
drives liquid movement is given by gravity and capillary 
effects are neglected; and 3) The liquid flow rate is deter 
mined by measuring the time taken by the meniscus of the 
liquid to move between two known points of the capillary. 
This is detected by means of ultrasonic sensors. 
0017. In U.S. Pat. No. 4,648,262 the liquid viscosity is 
determined by measuring the fall speed of a sphere of known 
dimensions and density immersed in the liquid to be tested 
which is within a capillary. It differs from the present inven 
tion in that: 1) The operating principle is different (it is not a 
capillary but a Stokes-type viscometer) wherein the liquid to 
be measured is resting; 2) There is no micromachining. 
0018. With respect to U.S. Pat. No. 2,095.282, it discloses 
apparatuses that determine fluid viscosity by its flow velocity 
through a capillary tube of known dimensions. It differs from 
the present invention as follows: 1) The liquid flows through 
a tube open at both ends; 2) The pressure difference which 
drives liquid movement is given by gravity and capillary 
effects are neglected; and, 3) The liquid flow rate is deter 
mined by measuring the emptying time of predetermined 
Volumes of liquid. 
0019. As disclosed in U.S. Pat. No. 6,470,736 B2, the 
apparatus measures liquid viscosity from the mass flow 
velocity of the liquid through a capillary tube of known 
dimensions. It differs from the present invention herein in 
that: 1) The liquid flows through a tube open at both ends; 2) 
The pressure difference which drives liquid movement is 
given by gravity and capillary effects are neglected; and, 3) 
The liquid flow rate is determined by measuring the weight of 
the liquid spilled versus time. 
0020. There are additionally other scientific works and 
patents related to devices with comparable characteristics to 
the viscometer of the present invention, such as those dis 
closed in patents U.S. Pat. No. 6,023,961, U.S. Pat. No. 6,402, 
703, U.S. Pat. No. 6,412,336, U.S. Pat. No. 6,428,488, U.S. 
Pat. No. 6,443,911, U.S. Pat. No. 6,692,437, U.S. Pat. No. 
7,207,939, U.S. Pat. No. 6,796,168 and US 2006/0179923. 
Most of these devices use the same operating principle but 
with different methods of fluid handling and subsequent 
detection. 
0021. The operating principle of capillary viscometers 
consists in establishing a pressure difference and recording 
position and/or Velocity of the liquid column through a cap 
illary tube. For measuring non-Newtonian fluids it is neces 
sary to change the pressure difference or change the capillary 
diameter. 
0022. Position recording is usually carried out with optical 
detectors (CCD cameras or photodetector array) or capacitive 
detectors. Capillary micromachining allows the use of Small 
fluid samples, as shown in US 2006/0179923 A1 and US 
2009/O2O3643 A1. 
0023 The operating principle of the present viscometer 
consists in profiting from capillary pressure to establish the 
pressure difference that moves fluid. Position is detected in 
relation to time and by processing data, fluid viscosity is 
calculated. 
0024. This flow velocity is not constant and decreases as 
the fluid enters the channel. Thus, the measurement of Non 
Newtonian fluids can be conducted by analyzing different 
sections of the same capillary or machining adjacent capil 
laries of different diameters. 
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0025. The proposed viscometer consists of sensor base, 
with integrated electronics which performs data processing 
and by interchangeable microchannels fixed in this base prior 
to each measurement. Optionally data can be extracted from 
the processor to a computer. Operating the equipment is easy 
since it is only required to deposit a drop in the microchannel 
inlet. 
0026. The device of the present invention comprises a 
microchannel micromachined on a single material, leaving 
one end of the capillary open and the other one closed, so that 
liquid keeps entering until the pressure exerted by the com 
pressed air Volume equals the Sum of capillary pressure and 
atmospheric pressure. 
0027. The geometry proposed for this viscometer gener 
ates a fluid dynamic which allows achieving absolute viscos 
ity measurement. On the other hand, the use of a single 
material for manufacturing microchannels ensures uniform 
boundary conditions along the perimeter of the channel. Con 
ventional capillary viscometers analyze Poiseuille flows, i.e., 
liquid flow through an open channel at both ends and Sub 
jected to pressure difference. In this case, the closed channel 
modifies Poiseuille flow and another dynamics governs the 
movement of fluid from entering until stopping. 
0028. This device is novel by the physical principle used, 
in which the transient state of a liquid entering a closed 
channel is measured. Viscosity measurements are absolute 
and do not require calibration liquid in each assay. The device 
has been designed with temperature control and an automatic 
data processing system to make it easier for non-experts to 
SC. 

0029 Despite the fact the measurement concept is similar 
to that presented in patent application US 2006/0179923, the 
present invention is clearly different due to the fact it uses a 
single channel to perform the measurement, it does away with 
the need of a reference fluid, since viscosity measurements 
are absolute, and it studies and analyzes fluid dynamics in a 
different manner. Moreover, there is a fundamental difference 
in the manufacturing process, using a single biocompatible 
material in the entire process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030. For a better understanding of the subject matter of 
the present invention, the same has been illustrated with sche 
matic figures, in a preferred embodiment thereof, which are to 
be taken as demonstrative examples, wherein: 
0031 FIG. 1 illustrates a scheme of a microchanneled 
wafer; 
0032 FIG. 2 shows a block diagram of the microviscom 
eter of the present invention; 
0033 FIG.3 presents schemes of the dynamics of a liquid 
drop entering a closed channel; 
0034 FIG. 4 illustrates the graphical result of a numerical 
simulation for the dynamics of the present invention; 
0035. In FIG. 5 the measurement of a referenced fluid 
shows the same behavior as the numerical simulation. 
0036. In all the figures, equal reference numerals corre 
spond to equal elements of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0037 FIG. 1 shows a micromachined wafer 1, preferably 
made of glass or other biocompatible material, with a single 
microchannel 2, open at end 2a and closed at the other end 2b, 
formed by microchannels concatenated preferably ZigZag 
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shaped, located horizontally-wise, this geometry permitting 
to reduce the size of sensor base 3. 
0038. In FIG. 2 the block diagram of the sensor system 
shows the interconnection between the microViscometer vari 
ous stages or parts. Base 3 is integral with or attached to the 
thermal actuator oftemperature controller 4, the data process 
ing unit 5 controls the detector system 6, the measurement of 
atmospheric pressure 8 and the screen or display 7. 
0039. In FIG. 3, a liquid drop is introduced at inlet 2a of 
the closed microchannel, and it is shown Schematically the 
entry of the drop at different times to reach a final position. 
Position “X” of the meniscus of the liquid column in relation 
to time “t is expressed by the differential equation: 

dx r? (LP. - Po) - L(PC- P.) 
dt au (LT - L) 

0040. Where 

PL L = - 
(Po + PC) 

is the maximum length up to which the liquid enters within 
microchannel 2, r is the average channel radius, C. is a param 
eter unequivocally determined by the section of microchannel 
2 (microcapillary), L is the liquid viscosity, L is the total 
channel length, P is the capillary pressure and P is the 
atmospheric pressure. 
0041. The differential equation result is: 

apt (LT - L)( 12 X 2 LP, (x -(Lt-L)x + L(Lt - Lln 1– ;) 

0042 where it is observed that the final position the fluid 
reaches is achieved when the logarithm argument is null 
(Zero). 
0043. From this equation, it can be seen that there are only 
two parameters determined by the liquid and their interaction 
with the capillary: Land L, and both can be determined from 
the measurements of X in relation to time. These data are 
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Subjected to a non-linear least squares adjustment, being LL 
and L the only free parameters. 
0044 FIG. 4 shows a graphical result of a numerical simu 
lation of a fluid drop entering a cannel with the design dimen 
sions and FIG. 5 shows such reference fluid measurements 
using an optic detection system. 
0045. It is worth pointing out that the channel concat 
enated ZigZag-shape makes it possible to perform an optical 
detection with a fixed optical system that makes the most of 
the vision field provided by the lens. 

1. A capillary microViscometer comprising: 
a wafer within which a single microchannel is formed, the 

microchannel being open at one end and closed at the 
remaining end and formed by micromachined concat 
enated microchannels; 

a base; and 
a sensor device configured to measure the position of a 

fluid column within the microchannel, the sensor device 
being located in the microchannel and capable of record 
ing the dynamics of the fluid entering the concatenated 
channels; 

wherein the sensor device is connected to a data processor, 
the data processor comprising a display. 

2. The capillary microViscometer of claim 1, wherein the 
concatenated microchannels are concatenated in a ZigZag 
shape. 

3. The capillary microViscometer of claim 1, wherein the 
wafer is made of a single micromachined biocompatible 
material. 

4. The capillary microviscometer of claim 1, wherein the 
diameter of the microchannel is such that the fluid moves 
within the microchannel by capillary action. 

5. The capillary microViscometer of claim 2, wherein the 
microchannel is placed horizontally. 

6. The capillary microviscometer of claim 1, wherein the 
base is integrated with or attached to a thermal actuator of a 
temperature controller. 

7. The capillary microViscometer of claim 1, wherein the 
sensor device is an optical sensor. 

8. The capillary microViscometer of claim 1, wherein vis 
cosity is calculated from the transient dynamics analysis of 
the fluid entering the microchannel by capillary action, by 
detecting position in relation to time. 

9. The capillary microViscometer of claim 1, wherein the 
sensor device comprises an atmospheric pressure sensor. 
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