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(57) ABSTRACT 
An apparatus and method for determining the viscosity of 
the circulating blood of a living being over plural shear rates 
caused by a decreasing pressure differential by monitoring 
the changing Weight of the blood, or the changing level of 
a column of blood over time. The apparatus and method 
utilize a riser, a capillary tube, a collector and a mass 
detector, such as a precision balance or a load cell, for 
monitoring the changing Weight of a sample of ?uid that 
?oWs through these components under the in?uence of the 
decreasing pressure differential; alternatively, the apparatus 
and method use a column level detector to monitor the 
changing level of the column of blood over time. 
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SINGLE RISER/SINGLE CAPILLARY BLOOD 
VISCOMETER USING MASS DETECTION OR 

COLUMN HEIGHT DETECTION 

RELATED APPLICATIONS 

[0001] This application is a Continuation-In-Part of appli 
cation Ser. No. 09/789,350, ?led Feb. 21, 2001, entitled 
Mass Detection Capillary Viscometer, Which in turn is based 
on Provisional Application Serial No. 60/228,612 ?led Aug. 
29, 2000 entitled MASS DETECTION CAPILLARY VIS 
COMETER. This application is also a Continuation-in-Part 
of application Ser. No. 09/573,267 ?led May 18, 2000, 
entitled DUAL RISER/SINGLE CAPILLARY VISCOM 
ETER. The entire disclosures of all the above applications 
are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] A capillary viscometer is commonly used because 
of its inherent features such as simplicity, accuracy, simi 
larity to process ?oWs like extrusion dies, no free surface, 
etc. Viscous How in capillary viscometry is ?rmly estab 
lished both theoretically and experimentally. C. W. 
Macosko, Rheology: Principles, Measurements, and Appli 
cations (VCH, 1993). In fact, the capillary viscometer Was 
the ?rst viscometer and this device remains the most com 
mon for measuring viscosity for polymer solutions and other 
non-NeWtonian ?uids. HoWever, most existing capillary 
viscometers produce viscosity measurement a shear rate at a 
time. In the case of NeWtonian ?uids the observation of the 
rate of floW at a single pressure drop is suf?cient to de?ne 
the How behavior. HoWever, in the case of non-NeWtonian 
?uids, viscosity measurements need to be performed over a 
range of shear rates. In order to measure viscosity over a 
range of shear rates, it is necessary to repeat the measure 
ment by varying either the driving pressure head or the 
capillary tube diameter, Which leads to a time-consuming 
measurement requiring intensive labor. Hence, these meth 
ods are not suited for measuring the rheology of polymer 
?uids that may exhibit shear-dependent viscosities. Further 
more, application of such techniques often requires rela 
tively large volumes of the test ?uids. Therefore, there has 
been a need to develop a simple and labor-free viscometer 
Which can measure the viscosity of ?uids over shear rates at 
a time. 

[0003] In US. Pat. Nos. 6,019,735 (Kensey et al.) and 
US. Pat. No. 6,077,234 (Kensey et al.), Which are assigned 
to the same Assignee, namely Visco Technologies, Inc., of 
the present invention, there is disclosed a scanning-capil 
lary-tube viscometer for measuring the viscosity of a ?uid, 
e.g., circulating blood of a living being. Among other things, 
this scanning capillary tube viscometer discloses an appa 
ratus that monitors the changing height of a column of ?uid 
versus time in a riser that is in ?uid communication With a 
living being’s circulating blood. A further improvement of 
this type of scanning capillary tube viscometer is disclosed 
in application Ser. No. 09/439,735 entitled DUAL RISER/ 
SINGLE CAPILLARY VISCOMETER, Which is assigned 
to the same Assignee as the present invention, namely, Visco 
Technologies, Inc. and Whose entire disclosure is incorpo 
rated by reference herein. In that application, a U-shaped 
tube structure is utiliZed that generates a falling and rising 
column of test ?uid that is driven by a decreasing pressure 
differential for moving these columns of ?uid through a 
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plurality of shear rates, Which is necessary for non-NeWto 
nian ?uid (e.g., blood) viscosity determinations. Such an 
apparatus can produce viscosity data in a loW shear range 
(e.g., approximately 0.02 s_1). 

[0004] HoWever, there is a need for an alternative mecha 
nism of monitoring the changing column of ?uid over time, 
such as detecting the changing mass of the column of ?uid, 
as set forth in the present application. The key principle of 
the mass-detection-capillary viscometer is that both ?oW 
rate and pressure drop at a capillary tube can be determined 
by a single measurement of collected ?uid mass variation 
With time using a load cell. Thus, there also remains a need 
to develop a viscosity determination in a quasi-steady cap 
illary How and to measure the viscosity of non-NeWtonian 
?uids (e.g., polymer solutions, circulating blood of a living 
being, etc.) over a range of shear rates. 

SUMMARY OF THE INVENTION 

[0005] An apparatus for determining the viscosity of the 
circulating blood of a living being over plural shear rates 
using a decreasing pressure differential. The apparatus com 
prises: a lumen (e.g., a riser tube) being positioned at an 
angle to a horiZontal reference greater than Zero degrees, 
Wherein the lumen comprises a ?rst end and a second end 
and Wherein the ?rst end is exposed to atmospheric pressure 
and Wherein the lumen comprises a ?rst knoWn dimension 
(e.g., the diameter of the lumen); a How restrictor (e.g., a 
capillary tube) having an inlet and an outlet Wherein the 
outlet is arranged to deliver any blood that passes there 
through to a collector, and Wherein the floW restrictor 
includes some knoWn dimensions (e.g., the length and 
diameter of the How restrictor); a valve coupled to the 
vascular system of the living being at a ?rst port and Wherein 
the valve comprises a second port coupled to the second end 
and a third port is coupled to the inlet; a sensor for detecting 
the movement of the blood over time (e.g., a mass detector, 
a column level detector, etc.) through the apparatus and 
Wherein the sensor generates data relating to the movement 
of the blood over time; a processor, the valve to create a 
column of blood in the ?rst lumen and the How restrictor and 
to establish a pressure differential betWeen the ?rst end and 
the outlet, and Wherein the column of blood moves through 
the lumen and the How restrictor at a ?rst shear rate caused 
by the pressure differential and Wherein the movement of the 
column of blood causes the pressure differential to decrease 
from the ?rst shear rate for generating the plural shear rates; 
and Wherein the processor calculates the viscosity of the 
blood based on the data relating to the movement of the 
column of blood over time, the ?rst knoWn dimension of the 
lumen and the some knoWn dimensions of the How restrictor. 

[0006] A method for determining the viscosity of the 
circulating blood of a living being over plural shear rates 
caused by a decreasing pressure differential. The method 
comprises the steps of: (a) providing a lumen having a ?rst 
end and a second end and positioned at an angle to a 
horiZontal reference greater than Zero degrees, and Wherein 
the lumen has a ?rst knoWn dimension (e.g., the diameter of 
the lumen) and Wherein the ?rst end is exposed to atmo 
spheric pressure; (b) diverting a portion of the circulating 
blood into the lumen through the second end to form a 
column of blood therein; (c) coupling an inlet of a How 
restrictor to the second end of the lumen to establish a 
pressure differential betWeen the ?rst end and the outlet and 
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wherein the How restrictor has an outlet that is arranged to 
deliver any blood that passes therethrough to a collector and 
Wherein the How restrictor has some knoWn dimensions 
(e.g., the length and the diameter of the How restrictor); (d) 
controlling the column of blood to form a continuous 
column of blood in the lumen and the How restrictor, and 
Wherein the column of blood moves through the lumen and 
the How restrictor at a ?rst shear rate caused by the pressure 
differential and Wherein the movement of the column of 
blood causes the pressure differential to decrease from the 
?rst shear rate for generating the plural shear rates; (e) 
providing a sensor for detecting the movement of the 
column of blood over time (e.g., a mass detector, a column 
level detector, etc.) as the column of blood moves and passes 
from the outlet into the collector While maintaining the 
outlet submerged in blood that has collected in the collector, 
and Wherein the sensor generates data regarding the move 
ment; and calculating the viscosity of the blood based on 
the generated data, the ?rst knoWn dimension and the some 
knoWn dimensions. 

[0007] An apparatus for determining the viscosity of the 
circulating blood of a living being over plural shear rates 
using a decreasing pressure differential. The apparatus com 
prises: a lumen (e.g., a riser tube) being positioned at an 
angle to a horiZontal reference greater than Zero degrees, and 
Wherein the lumen comprises a ?rst end and a second end 
and Wherein the lumen also comprises a ?rst knoWn dimen 
sion (e.g., the diameter of the lumen); a How restrictor (e.g., 
a capillary tube) having an inlet and an outlet Wherein the 
outlet is arranged to deliver any blood that passes there 
through to a collector and Wherein the inlet is coupled to the 
second end and Wherein the How restrictor includes some 
knoWn dimensions (e.g., the length and diameter of the How 
restrictor); a valve coupled to the vascular system of the 
living being at a ?rst port and Wherein the valve comprises 
a second port coupled to the ?rst end; a sensor for detecting 
the movement of the blood over time (e.g., a mass detector, 
a column level detector, etc.) through the apparatus and 
Wherein the sensor generates data relating to the movement 
of the blood over time; a processor, coupled to the valve and 
the sensor Wherein the processor is arranged to operate the 
valve to create a column of blood in the ?rst lumen and the 
How restrictor and to establish a pressure differential 
betWeen the ?rst end and the outlet and Wherein the column 
of blood moves through the lumen and the How restrictor at 
a ?rst shear rate caused by the pressure differential and 
Wherein the movement of the column of blood causes the 
pressure differential to decrease from the ?rst shear rate for 
generating the plural shear rates; and Wherein the processor 
calculates the viscosity of the blood based on the data 
relating to the movement of the column of blood over time, 
the ?rst knoWn dimension of the lumen and the some knoWn 
dimensions of the How restrictor. 

[0008] A method for determining the viscosity of the 
circulating blood of a living being over plural shear rates 
caused by a decreasing pressure differential. The method 
comprises the steps of: (a) providing a lumen (e.g., a riser 
tube) having a ?rst end and a second end and positioned at 
an angle to a horiZontal reference greater than Zero degrees 
and Wherein the lumen has a ?rst knoWn dimension (e.g., the 
diameter of the lumen); (b) coupling an inlet of a How 
restrictor (e.g., a capillary tube) to said second end and 
arranging an outlet of the How restrictor to deliver any blood 
that passes therethrough to a collector and Wherein the How 
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restrictor has some knoWn dimensions (e.g., the length and 
diameter of the How restrictor); (c) diverting a portion of the 
circulating blood into the lumen through the ?rst end to form 
a column of blood in the lumen and the How restrictor and 
to establish a pressure differential betWeen the ?rst end and 
the outlet; (c) eXposing the ?rst end to atmospheric pressure 
to cause the column of blood to move through the lumen and 
the How restrictor, Wherein the movement of the column of 
blood causes the pressure differential to decrease from the 
?rst shear rate for generating the plural shear rates; (d) 
providing a sensor for detecting the movement of the 
column of blood over time (e.g., a mass detector, a column 
level detector, etc.) as the column of blood moves and passes 
from the outlet into the collector While maintaining the 
outlet submerged in blood that has collected in the collector 
and Wherein the sensor generates data regarding the move 
ment; and (e) calculating the viscosity of the blood based on 
the generated data, the ?rst knoWn dimension and the some 
knoWn dimensions. 

[0009] An apparatus for determining the viscosity of the 
circulating blood of a living being over plural shear rates 
using a decreasing pressure differential. The apparatus com 
prises: a ?rst lumen (a riser tube) being positioned at an 
angle to a horiZontal reference greater than Zero degrees and 
Wherein the lumen comprises a ?rst end and a second end 
and Wherein the ?rst end is exposed to atmospheric pressure 
and Wherein the lumen comprises a ?rst knoWn dimension 
(e.g., the diameter of the ?rst lumen); a How restrictor (e.g., 
a capillary tube) having an inlet and an outlet Wherein the 
inlet is coupled to the second end and Wherein the How 
restrictor includes some knoWn dimensions (e.g., the length 
and diameter of the How restrictor); a valve coupled to the 
vascular system of the living being at a ?rst port Wherein the 
valve comprises a second port coupled to the outlet and a 
third port coupled to an input of a second lumen (e.g., an 
adaptor, etc.) arranged to deliver any blood that passes 
therethrough to a collector through an output of the second 
lumen; a sensor for detecting the movement of the blood 
over time (e.g., a mass detector, a column level detector, 
etc.) through the apparatus and Wherein the sensor generates 
data relating to the movement of the blood over time; a 
processor, coupled to the valve and the sensor and Wherein 
the processor is arranged to operate the valve to create a 
column of blood in the ?rst lumen and the How restrictor and 
to establish a pressure differential betWeen the ?rst end and 
the output Wherein the column of blood moves through the 
lumen and the How restrictor at a ?rst shear rate caused by 
the pressure differential and Wherein the movement of the 
column of blood causes the pressure differential to decrease 
from the ?rst shear rate for generating the plural shear rates; 
and Wherein the processor calculates the viscosity of the 
blood based on the data relating to the movement of the 
column of blood over time, the ?rst knoWn dimension of the 
?rst lumen and the some knoWn dimensions of the How 
restrictor. 

DESCRIPTION OF THE DRAWINGS 

[0010] The invention of this present application Will be 
readily appreciated as the same becomes better understood 
by reference to the folloWing detailed description When 
considered in connection With the accompanying draWings 
Wherein: 
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[0011] FIG. 1 is a block diagram of a single riser/single 
capillary (SRSC) blood viscometer using mass detection 
Which is also referred to as a mass detection capillary blood 

viscometer (MDCBV); 

[0012] FIG. 1A is a height vs. time plot of the blood 
column in the riser tube of the MDCBV; 

[0013] FIG. 1B is a mass vs. time plot of the blood as it 
is collected in the collector of the MDCBV; 

[0014] FIG. 2 is a front vieW of an embodiment of the 
MDCBV; 

[0015] FIG. 3 is a side vieW of the MDCBV; 

[0016] FIG. 4 is a functional diagram of the MDCBV; 

[0017] FIG. 5A is a functional diagram of the valve 
activated to create a column of blood; 

[0018] FIG. 5B is a functional diagram of the valve 
activated to permit the column of blood to fall and be 
collected in a collector; 

[0019] FIG. 6 is a functional diagram of a second embodi 
ment of the MDCBV having an alternative position of the 
capillary tube; 

[0020] FIG. 7 is a functional diagram of a third embodi 
ment of the MDCBV having an alternative position of the 
valve mechanism; 

[0021] FIG. 8A is a functional diagram of the valve 
mechanism of FIG. 7 activated to create a column of blood; 

[0022] FIG. 8B is a functional diagram of the valve 
mechanism of FIG. 7 activated to permit the column of 
blood to move and be collected in a collector; 

[0023] FIG. 9 depicts a fourth embodiment of the 
MDCBV Wherein the changing mass of falling column of 
blood is detected; 

[0024] FIG. 10 depicts the mass vs. time plot the falling 
column of blood for the fourth embodiment of FIG. 9; 

[0025] FIG. 11 is a block diagram of a SRSC blood 
viscometer using a column height detector knoWn as a 
column height detection capillary (CHDC) blood viscometer 
Wherein the changing height of a falling column of blood is 
monitored; 
[0026] FIG. 12 is a front vieW of an embodiment of the 
CHDC blood viscometer; 

[0027] FIG. 13 is a functional diagram of the CHDC 
blood viscometer; 

[0028] FIG. 14 is a functional diagram of a second 
embodiment of the CHDC blood viscometer having an 
alternative location of the How restrictor; and 

[0029] FIG. 15 is a functional diagram of a third embodi 
ment of the CHDC blood viscometer having an alternative 
location of the valve mechanism. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0030] The present invention, generally referred to as a 
single riser/single capillary (SRSC) blood viscometer, uses 
a single riser tube and a single ?oW restrictor (e.g., a 
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capillary tube) structure for determining the viscosity of the 
circulating blood of a living being. 

[0031] Although the SRSC blood viscometer can be 
implemented in a number of Ways, tWo exemplary appara 
tus/methods are set forth beloW. The ?rst implementation 
uses the SRSC structure along With mass detection and 
hence is hereinafter referred to as a mass detection capillary 
blood viscometer (MDCBV) 20. The second implementa 
tion uses the SRSC structure along With column height 
detection and hence is hereinafter referred to as a column 
height detection capillary (CHDC) blood viscometer 1020. 

[0032] Referring noW in detail to the various ?gures of the 
draWing Wherein like reference characters refer to like parts, 
there is shoWn at 920 a mass detecting capillary blood 
viscometer (MDCBV). 

[0033] The MDCBV 920 basically comprises a blood 
receiver 922 and an analyZer/output portion 924. The patient 
is coupled to the MDCBV 920 through a circulating blood 
conveyor 926, e.g., a needle, an IV needle, an in-dWelling 
catheter, etc., or any equivalent structure that can convey 
circulating blood from a patient to the MDCBV 920. As Will 
be discussed in detail later, the analyZer/output portion 924 
provides a display 28 for presenting the viscosity informa 
tion, as Well as other information to the operator. The 
analyZer/output portion 924 may also provide this informa 
tion to other suitable output means 330, such as a datalogger 
332, other computer(s) 334, a printer 336, a plotter 338, 
remote computers/storage 340, to the Internet 342 or to other 
on-line services 344. 

[0034] The blood receiver 922 basically comprises a valve 
mechanism 946 coupled to a riser tube R on one side and 
coupled to a How restrictor 24 (e.g., a capillary tube) on the 
other side. The output of the How restrictor 24 is directed 
into a ?uid collector 26 via an adaptor 34. When the blood 
conveyor 926 is coupled to the blood receiver 922, the valve 
mechanism 946 controls the How of blood into the blood 
receiver 922, as Will be discussed in detail later. The upper 
end of the riser tube R is eXposed to atmospheric pressure. 
The riser tube R may be positioned at any non-Zero angle to 
a horiZontal reference position (e. g., the datum line as shoWn 
in FIG. 4); one eXemplary position is at a vertical orientation 
With respect to the datum line as shoWn in FIG. 4. 

[0035] It should be understood that the blood receiver 922 
may be disposable or non-disposable. As Will be discussed 
in detail later, Where the blood receiver 922 is disposable, the 
components (valve mechanism 946, riser tube R and How 
restrictor 24) are releasably secured in a blood receiver 
housing 962 that can be quickly and easily inserted, used 
during the viscosity test run and then quickly and easily 
removed for disposal; another disposable blood receiver 922 
is then inserted in preparation for the neXt viscosity test run. 
On the other hand, Where the blood receiver 922 is non 
disposable, the components (valve mechanism 946, riser 
tube Rand ?oW restrictor 24) can be thoroughly Washed and 
cleaned in place in preparation for the neXt viscosity test run. 

[0036] It should be understood that the How restrictor 24 
does not necessarily have to be an elongated tube but may 
comprise a variety of con?gurations such as a coiled capil 
lary tube. 

[0037] The analyZer/output portion 924 basically com 
prises a mass detector 28, a level detector 400, a processor 




























