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ABSTRACT 
In this paper continuous measuring of water viscosity by Coriolis flow meter is analyzed. The idea of technical solution for de-

termining fluid viscosity by Coriolis flow meter and Hagen-Poiseuille equation was elaborated. Pressure drop was measured at the 
Coriolis tube instead of at the straight pipeline section. The aim of the research is to consider the possibility of applying the proposed 
technical solution for reliable determination of water viscosity. 

It was proved that by taking into account the temperature of water t and hydraulic parameters of measurement system Δp/Q, the 
proposed technical solution can be a reliable method for continuous monitoring of water viscosity, even if Hagen-Poiseuille flow was 
not achieved. The proposed solution decreases the number of necessary sensors for viscosity measuring, and makes the system and 
facility more compact. Compared to the conventional parallel mounted capillary viscometer with constant flow pump, the proposed 
technical solution is much cheaper. The presented technical solution of the measurement system requires a long process of calibra-
tion in real terms. 
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REZIME 
Predmet istraživanja u radu je određivanje viskoznosti vode pomoću Koriolisovog merila protoka. U radu je razrađena ideja 

tehničkog rešenja da se za određivanje viskoznosti fluida koristi Koriolisovo merilo protoka i Hagen – Poazejeva jednačina, gde bi se 
umesto na pravoj deonici pad pritiska merio na samoj Koriolisovoj cevi. Cilj istraživanja je da se sagleda mogućnost primene pred-
loženog rešenja za pouzdano merenje dinamičke viskoznosti vode. Dokazano je da uzimanjem u obzir temperature vode t i hidrau-
ličkog parametra Δp/Q, predloženi koncept mernog sistema može pouzdano da se koristi za kontinualno merenje dinamičke 
viskoznosti vode, pa čak i pri narušavanju uslova Hagen – Poazejevog strujanja.  

Predloženo rešenje mernog sistema smanjuje broj senzora za merenje viskoznosti, pa se dobija na kompaktnosti uređaja u koji se 
ugrađuje merni sistem i na pojednostavljenju samog postrojenja. U poređenju sa klasičnim kapilarnim viskozimetrom paralelno 
postavljenim na cevovod i pumpom za ostvarivanje konstantnog protoka, predloženo tehničko rešenje je jeftinije. Međutim, pred-
loženo rešenje mernog sistema zahteva dugotrajan proces kalibrisanja u realnim uslovima. 

Ključne reči: Koriolisovo merilo protoka, Hagen – Poazejeva jednačina, merenje viskoznosti. 
 

INTRODUCTION 
At the Faculty of Agriculture in Novi Sad, at the Laboratory 

for Engineering of Biosystems, a device for evaporation of su-
crose solution was developed (Babic, et al., 2008). One of the 
goals of evaporator development was continual monitoring of 
evaporation process. In the process of osmotic dehydration and 
evaporation of the sucrose solution, density, viscosity and volu-
metric flow rate depend on temperature and concentration of su-
crose. For the purpose of continuous flow measurement of solu-
tion in the frame of development of the evaporator of the sucrose 
solution, the possibility of using angle valves and Coriolis flow 
meter was examined. It was found that angle valve can be suc-
cessfully used to measure the flow of sucrose solution. But the 
calibration process is time consuming and expensive, because 
the flow solution must be compensated for the value of changes 
in concentration and temperature of the solution (Bikic, S, et al, 
2010). Coriolis mass flow meter measures fluid density and 
temperature of fluids, and consequently the volume of fluid 
flow, with only one sensor.  It was found that it can reliably 
measure the flow of sucrose solution without the need for com-
pensation of flow due to changes in concentration and tempera-
ture of the sucrose solution. It was also observed that there is a 
need for deeper understanding of the error made by Coriolis flow 
meter due to two-phase flow of the sucrose solution (Bukurov, et 

al, 2009). Continual measuring of viscosity is one of the most 
difficult goals to achieve in the frame of monitoring of evapora-
tion process parameters. Fluid viscosity is an important parame-
ter, which is, in most cases, determined by sampling and analy-
sis. Laboratory studies are expensive and slow, and in some 
cases and under certain conditions – unreliable. The general ob-
jective is to perform continuous measurement of the production 
process parameters, with a trend to measure several parameters 
with one sensor. In line with this trend, an idea of the Kalotay 
(Kalotay, 1999) was worked out. He proposed determination of 
fluid viscosity by Hagen-Poiseuille equation, where pressure 
drop was measured at the Coriolis tube instead of at the straight 
pipeline section.  

Kalotay (Kalotay, 1999) only gave an idea of technical solu-
tion without proving it. If reliability of the proposed technical 
solution is proved, more compact fluid viscosity measurement 
system could be obtained. The scope of the research is continu-
ous measurement of water viscosity. Experimental research was 
carried out with water at two different temperatures t and differ-
ent values of hydraulic parameters of measurement system Δp/Q. 
The aim of the research is to consider the possibility of applying 
the proposed technical solution and Hagen-Poiseuille equation to 
determine the viscosity of water. The hypothesis which was 
tested was: when taking into account the temperature of water t 
and the hydraulic parameters of the measurement system Δp/Q, 
the proposed technical solution can be a reliable method for con-
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tinuous monitoring of water viscosity, even if Hagen-Poiseuille 
flow was not achieved.   

Nomenclature 
A [rad2/s2kg] spring constant 
A, B  constants 
d [m]  inner diameter of the tube, width 
Iu [Ns2]  inertia of the tube 
K [m3]  conversion factor 
Ku [Nm/rad] temperature dependent stiffness of the tube 
L [m] the length of the straight tube between the 

pressure connections 
mtube [kg]  mass of Coriolis tube 
•

m [kg/s]  mass flow rate 
Re [-]  Reynolds’s number 
t [oC]  temperature 
T [K]  temperature 
t [s]  period of frequency 
v [m/s]  velocity 
V [m3]  volume of fluid in Coriolis tube 
Q [m3/s]  volumetric flow rate 

Greek Symbols 
ρ [kg/m3] density 
υ [m2/s]  viscosity 
λ [-]  friction factor  
η [Paxs]  absolute viscosity 
ε [%]  relative difference 
ω [rad/s]  the vibration frequency 
τ[s]  time lag 
Δp [Pa]  pressure drop 

Subscripts 
l  literary 
m  model 
tube  Coriolis tube 

MATERIAL AND METHOD  
Darcy-Weisbach equation for the straight pipeline section of 

the pipeline is 
2
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If the previous equations is restricted to the laminar flow re-
gime 
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and including the equation of continuity 
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Hagen-Poiseuille equation is obtained 
4

128
d p

L Q
πη Δ

=
⋅

 (5) 

Previous equation has the following limitations (White, 
1998): 
- fluid flow regime must be laminar; 
- measuring section must be straight; 
- diameter of the pipe must be constant and 
- liquid has to be Newtonian. 

Kalotay (Kalotay, 1999) proposed determination of fluid vis-
cosity by Hagen-Poiseuille equation, where pressure drop was 
measured at the Coriolis tube instead of at the straight pipeline 
section. The Coriolis tube is curved in plane and in many cases it 
is split in two tubes, Figure 1. In this way two of four above 
mentioned limitations are not respected and the Hagen-Poiseuille 
flow was not achieved.  

 

 
Fig. 1. Illustration of curved Coriolis tube 

 

As long as Hagen-Poiseuille flow is not achieved through the 
Coriolis flow meter, conversion term K must be noticed in pre-
vious equation and determined in real terms 
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Previous equation becomes 
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where a unit of conversion factor is m3.  
Coriolis flow meter measures flow rate and density of the 

fluid: 
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If the value of conversion factor K is known, it is possible to 
determine the absolute viscosity of fluid using equation (7), by 
measuring the pressure drop Δp at the Coriolis tube and volume 
flow rate Q  through the Coriolis tube. 

In the proposed concept of the measurement system, any two 
reasonably separated temperature points are enough to determine 
the fluid viscosity. The Arrhenius equation is used to compute 
viscosity at any given temperature, as shown below: 
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Industrial viscometers using Hagen-Poisseuille equation op-
erate as capillary viscometers, where the capillary is parallel 
connected to the main flow stream, and constant flow rate 
through capillary is performed by dosing pumps (Cvijanovic, 
1998). In this way capillary viscometer has constant value of hy-
draulic parameter Δp/Q=const., where absolute viscosity η de-
pends only on temperature t. Application of parallel capillary 
pipe with the dosing pump is an expensive and complicated so-
lution. The proposed measurement system is serial connected to 
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the main flow stream, where in many cases flow rate through 
facilities is not constant. The proposed measurement system 
could be calibrated and used to determine the dependence of the 
conversion factor K, temperature t and hydraulic parameter of 
the system Δp/Q: 

, pK K T
Q

⎛ ⎞Δ
= ⎜ ⎟

⎝ ⎠
 (14) 

The following procedure is suggested. Absolute viscosity is 
measured at two different temperatures by laboratory capillary 
viscometer. Laboratory obtained data are modeled by equations 
(11), (12) and (13). Coriolis flow meter with connections for 
measuring of pressure drop is serial connected to the pipe of fa-
cility. At the formed system, temperature T and hydraulic pa-
rameters of system Δp/Q are measured. If equations (7) and (13) 
are equalized: 
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the conversion factor of measurement system could be de-
termined. 

Simple experiment with water as liquid was carried out at the 
Laboratory for Fluid Mechanics, Faculty of Technical Sciences 
in Novi Sad. Figure 2 shows scheme of installation for factor 
conversion K determination. The water is heated by the boiler, 
and constant flow rate is set up by the regulator. Flow rate Q, 
density ρ and water temperature t are measured by Coriolis flow 
meter, while pressure drop Δp is measured by differential pres-
sure gauge. Coriolis flow meter is checked by volume method. 

 
 

Fig. 2. Schema of installation for viscosity measurement system 
calibration 

 

 
Fig. 3. Elements of viscosity measurement system 

 

Figure 3 shows elements of the proposed viscosity measure-
ment system. The following equipment was used: 
• Coriolis flow meter – manufacturer Micro Motion Coriolis, 
model R025, measuring range 1:60, accuracy (0.1 - 0.2) % and 
repeatability (0.05-0.1) %. The accuracy of density measurement 
is (0.5 - 2) % of the current density measured values. Inner di-
ameter of the Coriolis tube is 14 mm (Instruction Manual, P / N 
3101009-eu).  

• Differential manometer for pressure drop measuring at Cori-
olis tube - Yokogava manufacturer, model EJA510A, measuring 
range 0 - 500 mbar (Yokogava, User’s Manual EJA110A Differ-
ential Pressure and Pressure Transmitters).  
• Temperature of water was measured using a PTC sensor em-
bedded in the Coriolis flow meter. PTC probe is measuring 
range - 40 to 150°C and 12:01°C resolution.  

RESULTS AND DISCUSSION  
The constants for water A = 1,3991 x 10-6  and  B = 1930.5 

in equation (13) are determined by equations (11) and (12). For 
this purpose the well known temperature t and absolute viscosity 
η function is used (Bukurov, M., 2009), Figure 4. At the instal-
lation for viscosity measurement system calibration, Figure 2, 
function of flow rate Q and pressure drop Δp for two water tem-
peratures t = 15oC and t = 60oC are measured. The results of 
measurement are shown in Table 1 and 2. Dependence of the 
conversion factor K and hydraulic parameter of measurement 
system Δp/Q is determined for two measured water temperatures 
by equation (15). 

 
Fig. 4. Absolute viscosity as a function of water temperature 

(Bukurov, 2009) 
 

Table 1. The results of measuring for flow rate, density and 
pressure drop at the temperature of water t=15oC 

 

t = 15oC ρ = 999.05 kg/m3 
No. Q [L/s] Δp [mbar] 
1 0.0087 2.1 
2 0.017 6 
3 0.0246 10.6 
4 0.0321 16.3 
5 0.0353 19.1 
6 0.0426 26.3 

 

Table 2. The results of measuring for flow rate, density and 
pressure drop at the temperature of water t=60oC 

 

t = 60oC ρ = 988 kg/m3 
No. Q [L/s] Δp [mbar] 
1 0.0137 1 
2 0.0229 2.6 
3 0.0305 6.8 
4 0.0417 16.5 

Figure 5 graphically presents the dependence (14) of the 
conversion factor K and hydraulic parameter of measurement 
system Δp/Q for two measured water temperatures t = 15oC and t 
= 60oC. Circles and squares represent the values obtained by 
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measurement, while the solid lines represent the values obtained 
from the measured values modeled by the "spline" function. 
"Spline" function proved to be the best model for the depend-
ence shown in Figure 5. 

 

 
Fig. 5. Conversion factor as a function of hydraulic flow condi-

tions at different temperatures of water 
 

To confirm the mathematical model, the comparison of the 
data obtained by the mathematical model and literary data (Bajic 
at all, 1980) was done: 

100%l m

l

η ηε
η
−

= ⋅ . (16) 

Confirmation of the mathematical model is shown in Figure 
6, where one can see the relative difference between the literary 
data and the data obtained by the mathematical model. It can be 
observed that the function "spline" quite well represents experi-
mental data in the whole operation regime. The maximal relative 
differences between the data are order of magnitude 10-4 and 10-

5, which is negligible. 
It was interesting to check whether the achieved flow regime 

was laminar (equation 2). The velocity of flow was determined 
using equation (4) and Reynolds's number using equation (2). 
Figure 7 shows that through almost the whole operation mode of 
measurement system flow regime is turbulent. Despite the fact 
that flow regime was turbulent, the model was verified because 
conversion factor K was determined in real terms. In this way the 
presented model is valid only under these conditions. 

 

 

 
Fig. 6. The relative difference between the literal data and the 

data obtained by mathematical model at differential temperature 
of water 

 

Flow regime could be controlled by proper choice of Coriolis 
flow meter. These types of meters are produced with different 
flow measuring ranges. For example, company Küppers Elek-
tromechanik offers meter KCM 300 with flow measuring range 
from 4.5 to 300 kg/h and inner diameter of 4 mm 
(www.eeberhardt.com), while company Kobold offers meter TM 
UMC3 with flow measuring range from 0.8 to 8 kg/h and inner 
diameter of 6 mm (www.koboldusa.com). In situation like in 
Figure 7, water temperature t=15 oC, flow regime could be also 
controlled by setting the hydraulic parameters of system Δp/Q. 

 

 
Fig. 7. Flow regime of water through the measurement system 
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CONCLUSION 
In the paper the idea of determining fluid viscosity by 

Hagen-Poiseuille equation was elaborated, while pressure drop 
was measured at the Coriolis tube instead of at the straight pipe-
line section. This technical solution makes measurement system 
and facility at the same time more compact and simpler. Com-
pared to conventional parallel mounted capillary viscometer with 
constant flow pump, the proposed technical solution is much 
cheaper. However, the presented technical solution of the meas-
urement system requires a long process of calibration in real 
terms. 

The proposed measurement system is serial connected to the 
main flow stream, where in many cases flow rate through facili-
ties is not constant.  The proposed measurement system must be 
calibrated in real terms. In this way, the dependence of conver-
sion factor K, temperature t and hydraulic parameter of the sys-
tem Δp/Q is valid only under the calibrated conditions. 

It was proved that by taking into account the temperature of 
water t and the hydraulic parameters of measurement system 
Δp/Q, the proposed technical solution can be a reliable method 
for continuous monitoring of water viscosity, even if Hagen-
Poiseuille flow was not achieved. 
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