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ABSTRACT 
The scope of this paper is the determination of viscosity of sucrose solutions using the Coriolis flow meter. Previous research 

showed that the Coriolis flow meter can be successfully applied to determine the viscosity of water, where instead of the straight 
pipeline section pressure drop is measured on the Coriolis tube. In this paper a technical solution applied to a sucrose solution is 
proposed. The goal of this research is to consider the possibility  of applying this proposed technical solution  to reliable sucrose so-
lution viscosity measurement during the evaporation process in the evaporator. 

Experimental studies were conducted with the evaporator developed at the Laboratory of Bioengineering, the Faculty of Agricul-
ture in Novi Sad. Two sets of measured data were used for data processing. One set of data was used for mathematical modeling, and 
the other was used for verification of the mathematical model. It  has been proven that if the temperature of the solution t, concentra-
tions C and hydraulic parameter Δp/Q of the system are taken into account, the proposed concept of the measuring system can relia-
bly be used for continuous measurement of viscosity of a sucrose solution. This is true even if conditions for the Hagen–Poiseuille 
flow are violated. This proposed solution for measuring reduces the number of sensors required for viscosity measurement. This in-
creases compactness and simplifies construction of the evaporator in which the measuring system is built in. Since the Coriolis meter 
measures the density of the fluid, the proposed technical solution makes it possible to determine the dynamic and kinematic viscosity 
of the sucrose solution in the process of evaporation. 

Key words: Coriolis flow meter, Hagen-Poiseuille equation, sucrose viscosity measuring. 

REZIME 
Predmet istraživanja u radu je određivanje viskoznosti rastvora saharoze pomoću Koriolisovog merila protoka. Predhodnim is-

traživanjem ustanovljeno je da Koriolisovo merilo protoka može uspešno da se primeni za određivanje viskoznosti vode, gde se 
umesto na pravoj deonici pad pritiska merio na samoj Koriolisovoj cevi. U radu je predloženo tehničko rešenje primenjeno za rastvor 
saharoze. Cilj istraživanja je da se sagleda mogućnost primene predloženog rešenja za pouzdano merenje viskoznosti rastvora sa-
haroze tokom procesa ishlapljivanja rastvora na ishlapljivaču. Izvršeno je eksperimentalno istraživanje na ishlapljivaču razvijenom u 
Laboratoriji za biosistemsko inženjerstvo, Poljoprivrednog fakulteta u Novom Sadu. Za obradu podataka korišćena su dva niza po-
dataka merenja, gde je pomoću jednog niza izvršeno matematičko modeliranje, a pomoću drugog niza verifikacija matematičkog 
modela. Dokazano je da uzimanjem u obzir temperature rastvora t, koncentracije rastvora C i hidrauličkog parametra Δp/Q mernog 
sistema, predloženi koncept sistema može pouzdano da se koristi za kontinualno merenje viskoznosti rastvora saharoze, pa čak i pri 
narušavanju uslova Hagen – Poazejevog strujanja. Predloženo rešenje mernog sistema smanjuje broj senzora za merenje viskoznosti, 
pa se dobija na kompaktnosti i pojednostavljenju ishlapljivača u koji se ugrađuje merni sistem. Kako Koriolisova merila mere i gus-
tinu fluida, predloženim tehničkim rešenjem moguće je određivanje kako dinamičke, tako i kinematske viskoznosti rastvora saharoze 
u procesu ishlapljivanja. U poređenju sa klasičnim kapilarnim viskozimetrom paralelno postavljenim na cevovod i pumpom za ost-
varivanje konstantnog protoka, predloženo tehničko rešenje sa Koriolisovim merilom je jeftinije. Međutim, predloženo rešenje mer-
nog sistema zahteva dugotrajan proces kalibrisanja u realnim uslovima, što poskupljuje cenu mernog sistema. Kako se primenom 
tehničkog rešenja sa Koriolisovim merilom narušavaju uslovi Hagen – Poazejevog strujanja, Hagen – Poazejevu jednačinu je pot-
rebno korigovati za realne uslove kalibracije i njena primena važi samo za te uslove. 

Ključne reči: Koriolisovo merilo protoka, Hagen – Poazejeva jednačina, merenje viskoznosti rastvora saharoze. 
 
INTRODUCTION 
At the Faculty of Agriculture in Novi Sad, in the Laboratory 

for Engineering of Biosystems, a device for the evaporation of 
the sucrose solution  has been developed (Babić et al., 2008). 
One of the goals of the evaporator development was the contin-
ual monitoring of the evaporation process. In the process of os-
motic dehydration and evaporation of the sucrose solution, den-
sity, viscosity and volumetric flow rate depend on the tempera-
ture and concentration of the sucrose. For the purpose of con-
tinuous flow measurement of the solution  during the develop-

ment of the evaporator of the sucrose solution, the possibility of 
using angle valves and the Coriolis flow meter was investigated.  

It was found that an angle valve can be successfully used to 
measure the flow of a sucrose solution, but the calibration proc-
ess is time-consuming and expensive, because the flow solution 
must be compensated for the value of changes in concentration 
and temperature of the solution (Bikić et al., 2010).  

The Coriolis mass flow meter measures fluid density and flu-
id temperature, 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 compensation of 
flow due to changes in concentration and temperature of the su-
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crose solution. It was also observed that there is a need for dee-
per understanding of the error made by the Coriolis flow meter 
due to two-phase flow of the sucrose solution (Bukurov et.al, 
2009). 

With the aim to improve the monitoring of parameters in the 
sucrose solution evaporation and continuously measure the vis-
cosity of the solution, the existing straight pipeline was used to 
form the new measuring system (Bikić et al., 2010). On the ex-
isting pipeline of the evaporator a straight pipeline section was 
placed in series with the diameter of 13 mm (½") and connec-
tions for pressure measuring. The flow in the pipeline section 
was regulated by "bypass" control of the evaporator, while the 
flow rate and density of the solution was measured by the Corio-
lis flow meter. In this way the hypothesis is proved that by tak-
ing into account the temperature of the solution t, sugar concen-
tration in sucrose solution C and the hydraulic parameter /p QΔ , 
the proposed solution of the measuring system can be success-
fully used for continuous monitoring of the viscosity in the proc-
ess of evaporation of the sucrose solution. 

Continual measuring of viscosity is one of the most difficult 
goals to achieve  during the monitoring of the evaporation proc-
ess parameters. Fluid viscosity is an important parameter, which 
is, in most cases, determined by sampling and analysis. Labora-
tory studies are expensive and slow, and in some cases and under 
certain conditions  unreliable. The general objective is to per-
form continuous measurement of the production process parame-
ters, with a trend to measures several parameters with one sen-
sor.  

In line with this trend, an idea of Kalotay (Kalotay, 1999) 
was worked out. He proposed determination of the fluid viscos-
ity by the Hagen–Poiseuille equation, where pressure drop was 
measured at the Coriolis tube instead at the straight pipeline sec-
tion.  Kalotay only gave an idea of technical solution without 
proving it. Previous research (Bikić, et al., 2010) showed that the 
Coriolis flow meter can be successfully applied to determine the 
viscosity of water, where instead of the straight pipeline section, 
pressure drop is measured on the Coriolis tube. 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 moni-
toring of water viscosity, even if Hagen–Poiseuille flow is not 
achieved. 

The scope of this paper is the determination of viscosity of 
sucrose solutions on evaporator using the Coriolis flow meter. In 
this paper a technical solution applied to sucrose solution is pro-
posed. The goal of this research is to consider the possibility  of 
applying this proposed technical solution  to reliable sucrose so-
lution viscosity measurement during the evaporation process in 
the evaporator. Therefore, only the reliability of the proposed 
technical solutions will be considered, not accuracy. 

Nomenclature 

( )2 -2rad s kgA  spring constant, 

( )md   inner diameter of the tube, width 

( )2NsuI   inertia of the tube, 

( )3mK   conversion factor, 

( )1−NmradKu
 temperature dependent stiffness of the tube,  

( )mL   the length of the straight tube between the 
pressure connections , 

( )kgtubem   mass of Coriolis tube 

( )kg/sm&   mass flow rate 
( )−Re   Reynolds’s number, 

( )oCt   temperature, 
( )KT   temperature 

( )st   period of frequency, 

( )m/sv   velocity, 
( )3mV   volume of fluid in Coriolis tube, 
( )s/m3Q  volumetric flow rate, 

Greek Symbols 
( )3kg/mρ   density, 
( )s/m2ν   viscosity, 
( )-l   friction factor  
( )sPa ⋅η   absolute viscosity 
( )rad/sω  the vibration frequency, 

( )st   time lag, 

( )PapΔ   pressure drop, 
Subscripts 
tube  Coriolis tube 

 

MATERIAL AND METHOD  
The Darcy - Weisbach - equation for the pressure loss 

through friction along a straight pipeline section is 
2

2
L vp
d

ρλΔ = . (1) 

If the previous equations is restricted to the laminar flow re-
gime 

2300vdRe
ν

= < , (2) 

64
Re

λ = , (3) 

and including the equation of continuity 

2

4Qv
d π

= , (4) 

the 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 the Hagen–Poiseuille equation, where pressure drop 
was measured at the Coriolis tube instead  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 the four above-
mentioned limitations are not applicable and the Hagen – Poi-
seuille flow  is not achieved.  

 
Fig. 1. Illustration of curved Coriolis tube 
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As long as the Hagen – Poiseuille flow  is not achieved 
through the Coriolis flow meter, conversion term K must be tak-
en into account in the previous equation and determined in real 
terms 

4

128
dK

L
π

=
⋅

. (6) 

The previous equation becomes 
pK

Q
η Δ

= , (7) 

where a unit of conversion factor K is in m3.  
Coriolis flow meter in order to measure flow rate and density 

of the fluid: 

Ad
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⋅
−
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2
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If the value of conversion factor K is known, it is possible to 
determine the absolute viscosity of fluid using the equation (7), 
by measuring the pressure drop pΔ  at the Coriolis tube and vol-
ume flow rate Q  through the Coriolis tube. 

Industrial viscometers using the Hagen-Poiseuille equation 
operate as capillary viscometers, where the capillary tube is con-
nected in parallel to the main flow stream, and a constant flow 
rate through capillary is achieved by dosing pumps (Cvijanović, 
1998). In this way the capillary viscometer has a constant value 
of the hydraulic parameter Δp/Q=const., where absolute viscos-
ity of the sucrose solution η  only depends on temperature t and 
concentration C. The application of a parallel capillary tube with 
the dosing pump is an expensive and a complicated solution. The 
proposed measurement system is serially connected to the main 
flow stream, where in many cases flow rate through facilities are 
not constant.  The proposed measurement system could be cali-
brated and used to determine the dependence of the conversion 
factor K, temperature t and concentration of sucrose solution C 
and hydraulic parameter of the system /p QΔ : 

, , pK K t C
Q

⎛ ⎞Δ
= ⎜ ⎟

⎝ ⎠
. (11) 

The next procedure is therefore suggested: absolute viscosity 
can be found in the literature for different temperatures t and 
concentrations C of sucrose solution. The Coriolis flow meter 
with connections for measuring of pressure drop is serially con-
nected to the pipe of the evaporator. Temperature t, concentra-
tion C of sucrose solution and hydraulic parameters of system 

/p QΔ  are measured at the evaporator. From the equation (12) 

( )
( )

,
, ,

,

T CpK T C pQ T C
Q

η⎛ ⎞Δ
=⎜ ⎟ Δ⎝ ⎠

, (12) 

the conversion factor K of measurement system could be de-
termined. 

The experimental research with a sucrose solution as a liquid 
was conducted  on the evaporator developed at the Laboratory of 
Bioengineering, the Faculty of Agriculture in Novi Sad.  Figure 
2a shows the scheme of the evaporator with the section for the 
factor conversion K and the sucrose solutions viscosity η deter-
mination. The temperature of the sucrose solution is the room 
temperature of  21oC and a constant flow rate is set by the angle 
valve (Figure 2b). In this way, it is possible to adjust the value 

of hydraulic parameter /p QΔ  Flow rate Q density ρ and sucrose 
solution temperature t are measured by the Coriolis flow meter, 
while pressure drop pΔ  is measured by the differential pressure 
gauge. The schematic diagram of the section for the determina-
tion of  the conversion factor K and  the sucrose solution viscos-
ity η  is shown in the Figure 3.  

 
a) 

  
b) 

Fig. 2. Schema of: a) evaporator with section for determination 
of conversion factor K and sucrose solution viscosity η;  b) regu-

lation of flow rate Q using angle valve 
 

 
 

Fig. 3. View of section for determination of  the conversion fac-
tor K and  the sucrose solution viscosity η  

 

The following equipment was used: 
− Coriolis flowmeter - manufacturer Micro Motion Coriolis, 
model R025, measuring range 1:60, accuracy (0.1 - 0.2)% and 
repeatability (0.05 - 0.1)%. The accuracy of measurement of 
density is (0.5 - 2) of the current density measured values (In-
struction Manual, P/N3101009-eu).  
(www.documentation.emersonprocess.com) 
− 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-
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ential Pressure and Pressure Transmitters). 
(www.yokogawa.com) 
− Sucrose solution temperature was measured using a PTC 
sensor embedded in the Coriolis flow meter. The PTC probe 
measuring range is - 40 to 150°C and 0.1°C resolution. 
(www.documentation.emersonprocess.com)  
− Digital Hand-Held "Pocket" Refractometer PAL. Refracto-
meter for measuring of sugar concentration in sucrose solution - 
Atago manufacturer, model P-α, with measuring range of 0-85 
oBx and a resolution 0.1 oBx. (www.scientificgear.com) 

 

For the temperature of t=21oC of sucrose solution, sugar 
concentration in sucrose solution C and hydraulic parameters 

/p QΔ  were varied. For the sucrose solution temperature of 
t=21oC and concentrations of sugars in sucrose solution C, litera-
ture value of dynamic viscosity (Bajić et al., 1980) were read. 
Using equation (12) were determined values of conversion factor 
K for different values of hydraulic parameters /p QΔ . 

RESULTS AND DISCUSSION  
The measurements were carried out for a range of sucrose 

solution concentrations: 45oBx, 50oBx, 55oBx and 60oBx in the 
operating range of the evaporator. The results of measurements 
are shown in Figures 4, 5, 6 and 7. The ordinate is the conver-
sion factor K, and the abscissa is hydraulics parameter of meas-
urement system /p QΔ . Two sets of measured data were used for 
data processing. One set of data was used for mathematical 
modeling (circles), and the other was used for verification of the 
mathematical model (squares).  
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Fig. 4. Conversion factor K as a function of hydraulic flow con-

ditions Δp/Q at temperature t=21 oC and concentration 
C=45oBx of sucrose solution 
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Fig. 5. Conversion factor K as a function of hydraulic flow con-

ditions Δp/Q at temperature t=21 oC and concentration 
C=50oBx of sucrose solution 
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Fig. 6. Conversion factor K as a function of hydraulic flow con-
ditions Δp/Q at temperature t=21oC and concentration C=55oBx 

of sucrose solution 
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Fig. 7. Conversion factor K as a function of hydraulic flow con-
ditions Δp/Q at temperature t=21oC and concentration C=60oBx 

of sucrose solution 
 

Comparing the two data sets modeled according to the meas-
urement data, the same tendency for all values can be seen. 
There are two areas from the aspect of measuring reliability. The 
difference in areas is associated with the reliability of the used 
differential manometer. The Coriolis flow meter reliably meas-
ures upper and lower flow rates that occur in the working range 
of the evaporator. 

The first area occurs at lower valuesof pressure drop Δp on 
the Coriolis flow meter, and therefore it has lower values of hy-
draulic parameters /p QΔ  of the measurement system. The dif-
ferential pressure gauge used in this area, is not reliable enough. 
Therefore, there are noticeable differences between the two sets 
of data. This tendency is at least obvious at the concentration of 
sucrose solutions of C = 60oBx, Figure 7. It is because of the 
minimum pressure drop due to higher viscosity which is large 
enough to be reliably measured. 

The second area occurs at higher values of pressure drop Δp 
on the Coriolis meter, and therefore it has higher values of hy-
draulic parameters /p QΔ  of the system. The differential pres-
sure gauge used in this area is reliable, so there is a good correla-
tion between two sets of data. It can be observed that the area of 
reliable operation of the proposed technical solution is wider if 
the concentration of sucrose solution is higher, due to higher vis-
cosities. 

The area of reliable operation of the proposed system for 
measuring the viscosity of sucrose solution can be achieved by 
adjusting the hydraulic parameters of the measuring system 

/p QΔ  using angle valves. Of course, there is the possibility of 
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expanding the area ofreliable operation of the measuring system 
by installing one of the types of micro manometers, which is an 
expensive solution. 

It was interesting to check whether the achieved flow regime 
was laminar (Eq. 2). The velocity of flow was determined using 
the equation (4) and the Reynolds number using the equation (2). 
Figure 8 shows that the flow regime is laminar through almost  
the entire operation mode of measurement system. Despite the 
fact that the flow regime at a concentration of C = 45oBx be-
comes turbulent; the model is verified because the conversion 
factor K is determined in real terms. In this way the model is va-
lid only under these conditions. 
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Fig. 8. Flow regime of sucrose solution through the measure-
ment system 

 

As in the case of pure water (Bikić et al., 2010), the flow re-
gime of sucrose solution could be controlled by proper selection 
of the Coriolis flow meter. These types of meters are produced 
with different flow measuring ranges. For example, the company 
Küppers Elektromechanik 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 the company Kobold offers 
the meter TM UMC3 with flow measuring range from 0.8 to 8 
kg/h and inner diameter of 6 mm (www.koboldusa.com). In the 
situation like in Figure 8, at a sucrose solution concentration of 
C = 45oBx, a flow regime could also be controlled by setting the 
hydraulic parameters of system /p QΔ . 

CONCLUSION 
The paper displays an idea for the determination of a sucrose 

solution viscosity by the Hagen–Poiseuille equation, where a 
pressure drop was measured at the Coriolis tube instead  at the 
straight pipeline section. The proposed measurement system is 
serially connected to the main flow stream, where in many cases 
flow rate through facilities is not constant.  The flow rate of su-
crose solution in the evaporator and, in the same time hydraulics 
parameter of measuring system /p QΔ , could be regulated by 
angle valve. The proposed measurement system must be cali-
brated in real terms. In this way dependence of conversion factor 
K, temperature t and sucrose solution concentration C and hy-
draulic parameter of the system /p QΔ  is valid only under the 
calibrated conditions. It is proven that if we take into account the 
temperature of the solution t, concentrations C and hydraulic pa-
rameter Δp/Q of the system, the proposed concept of the measur-
ing system can reliably be used for continuous measurement of 
viscosity of sucrose solution. This is true even if conditions for 
the Hagen–Poiseuille flow are violated. The proposed solution 
for measuring system reduces number of sensors for viscosity 

measuring. This increases compactness and simplifies construc-
tion of the evaporator in which measuring system is built in. 
Since the Coriolis meter measures the density of the fluid, the 
proposed technical solution makes possible to determine dy-
namic and kinematic viscosity of the sucrose solution in the 
process of evaporation. 

Compared to the conventional parallelly mounted capillary 
viscometer with a constant flow pump, the proposed technical 
solution is much cheaper. However, this technical solution of the 
measurement system requires a long process of calibration in 
real terms. 
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