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SUMMARY 
This paper covers application of Coriolis flow meter for continual monitoring of sucrose solution evaporation process. In this 

process, density, viscosity and volumetric flow rate depend on temperature and concentration of sucrose solution. Provided that the 
solution is of constant concentration and under constant temperature, these three parameters of solution can be successfully continu-
ally measured by using different methods. A problem occurs in the process of sucrose solution evaporation when the concentration of 
sucrose in the water and temperature increase in time. Application of majority of methods for density, viscosity and volumetric flow 
rate measurement of liquids demands compensation of these parameters due to solution temperature and concentration change, by 
taking these into account. This research aims to examine possibility to apply Coriolis flow meter for continual density and volumetric 
flow rate measurement of sucrose solution in the process of solution evaporation if temperature and concentration increase in time. 
Presence of air and bubbling of the solution in the evaporation process produce appreciable errors in density and volumetric flow 
rate measuring when using Coriolis meter. There is a need for systematic trials, closely supported by basic physical modeling, in or-
der to gain a deeper understanding of error behavior of Coriolis meters under two-phase flow of sucrose solution.  

Key words: Coriolis flow meter, sucrose solution, density, volumetric flow rate 

REZIME 
Predmet istraživanja u radu je primena Koriolisovog merila protoka za kontinualni monitoring procesa uparavanja rastvora še-

ćera i vode. U ovom procesu gustina, viskoznost i zapreminski protok zavise od temperature i koncentracije rastvora. Ukoliko je 
rastvor konstantne koncentracije i na konstantnoj temperaturi, pomenuta tri parametra rastvora mogu se uspešno kontinualno 
izmeriti različitim metodama.  Problem nastaje u procesu uparavanja rastvora, tokom kojeg se koncentracija šećera i temperatura 
rastvora povećavaju. Primena većine metoda za merenje gustine, viskoznosti i zapreminskog protoka zahteva kompenzaciju usled 
promene koncentracije i temperature rastvora. Cilj istraživanja je da se ispita mogućnost primene Koriolisovog merila protoka za 
kontinualno merenje gustine i zapreminskog protoka u procesu ugušćavanja rastvora u kojem se menjaju koncentracija i 
temperatura. Usled prisustva vazduha i penušanja rastvora, u procesu uparivanja dolazi do znatne greške pri merenju gustine i 
zapreminskog protoka Koriolisovim merilom. Potrebno je uraditi detaljnija merenja i izvršiti modeliranje podataka, kako bi se 
kvalitetnije shvatilo ponašanje greške koja nastaje prilikom merenja dvofaznog rastvora pomoću Koriolisovog merila  protoka.  

Ključne reči: Koriolisovo merilo protoka, rastvor vode i šećera, gustina, zapreminski protok 
 

INTRODUCTION 
The combined technology of fruit drying, which comprises 

the osmotic and convective drying, can be massively applied in 
practice (Kudra and Mujumdar, 2002). This technology is advan-
tageous with respect to energy consumption and dried product 
quality (Pavkov, I, et al, 2009-2, Babić, M, et al, 2008, Babić, 
Lj, et al, 2007; Babić, M. et al, 2005-1). The original device for 
evaporation of the sucrose solution has been designed based 
upon the air solar heating (Babić, M, et al, 2009-1, Babić, M. et 
al, 2005-2, Babić, M et al, 2005-1).  

In the frame of osmotic drying, in the process of sucrose so-
lution evaporation, density, viscosity and volumetric flow rate 
depend on temperature and concentration of sucrose solution. 
Provided that the solution is of constant concentration and under 
constant temperature, these three parameters of solution can be 
successfully continually measured by using different methods.  
A problem occurs in the process of sucrose solution evaporation 
if the concentration of sucrose in the water and temperature in-
crease in time. Application of majority of methods for density, 
viscosity and volumetric flow rate measurement of liquids de-
mands compensation of these parameters due to a change in so-
lution temperature and concentration, by taking these into ac-
count. This research aims to examine possibility to apply Corio-

lis flow meter for continual density and volumetric flow rate 
measurement of sucrose solution in the process of solution 
evaporation if temperature and concentration increase in time. 

NOMENCLATURE 
[ ]BxC  sucrose solution concentration, 

d [m] width, 
[ ]mD  diameter of the tube,  

[ ]2sNuI  coefficient of inertia of the tube, 

[ ]1radmN −
uK  temperature dependent stiffness of the tube,  

K [-] shape-dependent factor, 
[ ]kgsrad -22K  spring constant, 

[ ]23
1

−smkgK  sensor-dependent calibration constant, 

[ ]3
2 kg/mK  sensor-dependent calibration constant, 

[ ]kgmtube  mass of tube, 

[ ]kg/sm&  mass flow rate, 

[ ]−Re  Reynolds’s number, 
RT operating point of the evaporator, 

[ ]st  period of frequency, 
[ ]Cot  temperature of the fluid, 
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[ ]3mV  volume of the fluid in the tube, 
[ ]m/sv  velocity of the fluid, 

[ ]/sm3Q  volumetric flow rate through the piping, 

[ ]/sm3q  volumetric flow rate through the by pass, 
[ ]/sm3

pQ  volumetric flow rate through the pump, 

Greek Symbols 
ω [rad/s] the vibration frequency, 

[ ]sτ  time lag, 

[ ]3kg/mρ  density of the fluid, 

[ ]/sm2ν  viscosity, 

[ ]%ε  relative difference, 

[ ]PapΔ  pressure drop, 
Subscripts 
k  Coriolis flow meter, 
z  volume method, 
ρ  density, 
t  temperature, 
Q  volumetric flow rate, 
p  pump 

MATERIAL AND METHOD 
At the Laboratory for Biosystems Engineering of Faculty of 

Agriculture in Novi Sad, a device for concentrating of the os-
motic solution has been designed (Babić, M. et al., 2008, Babić, 
M. et al., 2008). The work procedure is based upon the transfer 
of the moisture from the solution into the heated air on a large 
surface (Fig. 1). The stainless steel shavings have been used in 
the weight exchanger. The size of the shavings particles can be 
described by average surface value of the cross section.  

The flow rate in the evaporator was established with wing 
pump and density and volumetric flow rate were measured with 
Coriolis flow meter and volumetric method at the same time, 
under different temperatures and with different concentrations of 
solution (Fig. 1). Measurements were repeated for different op-
eration points of system, which were set by built-in bypass (Fig. 
1 and Fig. 2). The measurements were carried out under tem-
peratures and with concentrations of solution in the frame of 
evaporator operation points. The temperature of the solution was 
measured by glass thermometer and PTC thermometer (incorpo-
rated in the Coriolis flow meter) at the same time. Both of these 
thermometers have accuracy of 0,5oC, but PTC thermometer has 
better resolution. Also, Coriolis flow meter occurs 4 – 20 mA 
current output for monitoring and remote controlling. Sucrose 
concentration in the solution was measured by Omron refracto-
meter. The purification of the solution prior to the concentrating 
has been performed by filters with a pore size of 10µm. The 
temperature of sucrose solution was maintained constant by air 
heating with semi-concentrated solar collector (Babić, M, et al, 
2005-2).  

Mass flow rate through the Coriolis flow meter is as follows 
[11] 

τω
2

2

2Kd
IKm uu −

=& . (1) 

From the wide range of in-line density transducers, the vi-
brating types are the most accurate. They measure the resonant 
frequency of a vibrating device and compute the density. Of the 
various vibrational densimeters the Coriolis mass flow meters, as 
multi-variable transducers are the most practical, since they de-

liver the density measurement using the same vibrating tube and 
transducer that produces the direct mass-flow measurement. 

 
a) 

 
b) 

Fig. 1. Solvent evaporator scheme (a) and view (b) 

Sl. 1. Šema (a) i izgled (b) uparivača rastvora 
 

 

 
Fig. 2. Scheme of regulation by-pass  

Sl. 2. Šema regulacije pomoću “bajpas”-a 
 

The density of the fluid is determined by 

V
m

V
Kt tube−= 2

2

4π
ρ . 

The following are constants: 4; π ; tubem  and V. Therefore 
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2
2

1 KtK −=ρ , (2) 
where K1 and K2 are sensor-dependent calibration constants 

(K2 represents density of the tube), derived from the calibration 
performed with two different density fluids (Fig. 3) 

 
Fig. 3. Calibration of Coriolis flow meter 

Sl. 3. Baždarenje Koriolisovog merila protoka 
 

Such an instantaneous density measurement, in turn, allow us 
to calculate the flow in volume per time, by dividing mass flow 
with density 

ρ
mQ
&

= . (3) 

An advantage of Coriolis flowmeters is that it measures the 
mass flow rate and density directly which eliminates the need to 
compensate for changing temperature, concentration, viscosity, 
and pressure conditions.  

Micro Motion Coriolis flow meter was used, serie  R025, 
with nominal flow range from 0 to 1360 L/h and maximal flow 
rate 2720 L/h. Zero stability of this equipment is 0.41 L/h, while 
repeatability comes [ ] %100xZS/Ratex5.0%25.0 ±±  of 
nominal flow rate. Accuracy of flow rate measuring by this 
equipment is shown in Fig. 4. In practice density accuracies to 
0.05% of reading or 0.0005 kg/m3 can be expected and achieved 
with these devices ([9]).  

 
Fig 4. Accuracy of volumetric flow rate measured by Coriolis 

flow meter ([10]) 
Sl. 4. Tačnost merenja zapreminskog protoka pomoću Korioliso-

vog merila ([10]) 
 

Despite the fact, it is absolute measuring of density and 
volumetric flow rate (equations from (1) to (3)) and it does not 
need to compensate the measuring due to concentration and 
temperature change, the errors could occur due to presence of air 
in the sucrose solution (large contact surface between air and 
solution) and bubbling of solution. The presence of air in the su-
crose solution flow actually makes two-phase flow and decreases 

accuracy of the measurement (Fig. 3). For example, for single-
phase liquids, the mass flow and density errors may both be of 
the order of 0.2 % or better, while with two-phase flow, uncer-
tainties of up to 5 % may occur (Manus, H, et al). 

RESULTS AND DISCUSSION 
The results of side by side measurements by Coriolis flow 

meter and volume method are shown in Tables (from Tbl. 1 to 
Tbl. 8).  

 
Table 1. Concentration C=65 oBx  and temperature t=30 oC 

of sucrose solution 
Tabela 1. Koncentracija  C=65  oBx i temperature  t=30  oBx  

rastvora 
 

R.br. Qk  
[L/s]

ρk  
[kg/m3]

tk  
[oC] 

Qz  
[L/s] 

ρz  
[kg/m3] 

tz  
[oC] 

εQ  
[%] 

ερ  
[%] 

εt  
[%] 

1. 0.154 1305.06 30.68 0.143 1274 30 -7.11 -2.43 -2.26
2. 0.12 1304.4 30.99 0.124 1272 30.8 3.66 -2.54 -0.61
3. 0.092 1304.2 31.07 0.093 1274 30.9 1.16 -2.37 -0.55
4. 0.061 1304 31.19 0.061 1280 31 1.28 -1.87 -0.61
5. 0.042 1303.7 31.19 0.042 1284 31 0.87 -1.53 -0.61

 

Table 2.Concentration  C=65 oBx and temperature  t=35 oC 
of sucrose solution 

Tabela 2.Koncentracija  C=65 oBx i temperatura  t=35 oC 
rastvora 

 

R.br. Qk 
[L/s]

ρk  
[kg/m3]

tk  
[oC]

Qz  
[L/s] 

ρz  
[kg/m3]

tz  
[oC] 

εQ 
[%]

ερ 
[%]

εt   
[%] 

1. 0.17 1301.2 35.620.160 1268 35.6 -5.82 -2.61 -0.05
2. 0.128 1301.5 35.450.129 1274 35 0.88 -2.15 -1.28
3. 0.1 1301.3 35.430.101 1274 35 1.14 -2.14 -1.22
4. 0.07 1301.4 35.350.070 1270 35 0.16 -2.47 -1 
5. 0.046 1301.3 35.340.047 1274 34.8 3.85 -2.14 -1.55
 
Table 3. Concentration C=60 oBx and temperature t=30 oC 

of sucrose solution 
Tabela 3. Koncentracija C=60 oBx i temperature  t=30 oC 

rastvora 
 

R.br. Qk  
[L/s]

ρk  
[kg/m3]

tk  
[C] 

Qz  
[L/s] 

ρz  
[kg/m3] 

tz  
[C] 

εQ  
[%] 

ερ  
[%] 

εt  
[%] 

1. 0.193 1281.8 29.95 0.182 1278 29.8 -5.95 -0.29 -0.50
2. 0.14 1282.1 29.99 0.141 1280 30.2 1.35 -0.16 0.69
3. 0.1 1282 30.14 0.098 1296 30.2 -1.61 1.08 0.19
4. 0.07 1281.5 30.33 0.066 1268 30.3 -4.75 -1.06 -0.09
5. 0.05 1281.1 30.54 0.057 1262 30.4 13.78 -1.51 -0.46

 

Table 4. Concentration C=60 oBx and temperature t=35 oC 
of sucrose solution 

Tabela 4. Koncentracija C=60 oBx i temperatura t=35 oC 
rastvora 

 

R.br. Qk 
[L/s]

ρk  
[kg/m3]

tk  
[C] 

Qz  
[L/s] 

ρz 
 [kg/m3] 

tz  
[C] εQ [%] ερ  

[%]
εt 

[%]
1. 0.205 1277.2 34.47 0.191 1278 34.5 -6.97 0.06 0.08
2. 0.162 1276.8 34.49 0.158 1278 34.8 -2.13 0.09 0.89
3. 0.121 1277 34.52 0.120 1283 34.8 -0.33 0.46 0.80
4. 0.08 1276.8 34.54 0.081 1270 34.6 1.94 -0.53 0.17
5. 0.06 1276.6 34.58 0.065 1270 34.6 7.84 -0.51 0.05
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Table 5. Concentration C=55 oBx and temperature t=30 oC 
of sucrose solution 

Tabela 5. Koncentracija C=55 oBx i temperatura t=30 oC 
rastvora 

R.br. Qk  
[L/s] 

ρk  
[kg/m3] 

tk  
[C] 

Qz  
[L/s] 

ρz  
[kg/m3] 

tz  
[C] 

εQ  
[%] 

ερ  
[%] 

εt 
 [%]

1. 0.224 1252.1 30.46 0.224 1240 30 0.08 -0.97 -1.53
2. 0.19 1251.2 30.97 0.196 1250.8 30 3.39 -0.03 -3.23
3. 0.15 1250.8 31.1 0.153 1252 30 2.14 0.09 -3.66
4. 0.11 1250.7 31.16 0.112 1251.2 30 2.20 0.03 -3.86
5. 0.073 1249.4 31.3 0.072 1250 30 -0.32 0.04 -4.33

 

Table 6. Concentration C=55 oBx and  temperature t=35 oC 
of sucrose solution 

Tabela 6. Koncentracija C=55 oBx i temperatura t=35 oC 
rastvora 

R.br. Qk  
[L/s] 

ρk  
[kg/m3]

tk 
 [C] 

Qz  
[L/s] 

ρz  
[kg/m3]

tz  
[C] 

εQ  
[%] 

ερ  
[%] 

εt  
[%]

1. 0.233 1249 35.350.235 1252 35.2 1.14 0.23 -0.42
2. 0.19 1253.6 35.310.180 1253.6 35.2 -5.13 0 -0.31
3. 0.15 1254 35.340.146 1254 35.2 -2.52 0 -0.39
4. 0.11 1248.5 35.370.105 1248 35.2 -4.24 -0.04 -0.48
5. 0.08 1247.1 35.440.080 1250.8 35.2 0.18 0.29 -0.68

 

Table 7. Concentration C=50 oBx and temperature  t=30 oC 
of sucrose solution 

Tabele 7. Koncentracija C=50 oBx i temperatura  t=30 oC 
rastvora 

R.br. Qk  
[L/s] 

ρk  
[kg/m3] 

tk  
[C] 

Qz  
[L/s] 

ρz  
[kg/m3] 

tz  
[C] 

εQ  
[%] 

ερ 
[%]

εt 
[%]

1. 0.251 1222.3 30.12 0.242 1229.2 30 -3.64 0.56 -0.4
2. 0.211 1221.4 30.54 0.209 1232 30.6 -0.65 0.86 0.19
3. 0.181 1220.8 30.6 0.178 1222.6 30.8 -1.14 0.14 0.64
4. 0.132 1220.6 30.75 0.128 1228.2 30.9 -3.07 0.61 0.48
5. 0.093 1220.3 30.91 0.089 1227.2 31 -4.25 0.56 0.29

 

Table 8. Concentration  C=50 oBx and temperature  t=35 oC 
of sucrose solution 

Tabele 8. Koncentracija  C=50 oBx i temperatura  t=35 oC 
rastvora 

R.br. Qk  
[L/s] 

ρk  
[kg/m3] 

tk  
[C] 

Qz  
[L/s] 

ρz  
[kg/m3] 

tz  
[C] 

εQ  
[%] 

ερ  
[%]

εt 
[%]

1. 0.25 1222 34.3 0.25 1222 34.5 1.80 0 0.57
2. 0.2 1227 34.43 0.19 1227 34.5 -0.12 0 0.20
3. 0.15 1224.4 34.53 0.14 1226 34.5 -0.12 0.13 -0.08
4. 0.11 1224.1 34.54 0.10 1227 34.5 -1.22 0.23 -0.11
5. 0.09 1224.6 34.58 0.08 1224 34.5 -3.30 -0.04 -0.23

 

Decrease in concentration of sucrose solution produces de-
crease in relative difference of density measurement; accord-
ingly, sucrose solution is likely to have physical characteristics 
of water. Seemingly, the results of density measurements are sat-
isfied, because maximal relative difference is %61.2=ρε .  
The central argument is bubbling of sucrose solution, which de-
creases accuracy of density measurement by volume method.  

The results of volumetric flow rate measurements show ap-
preciable relative differences, especially at minimal and maximal 
flow rates. These sizable relative differences at minimal flow 
rates could be explained by small frequency of tube oscillations 
(small quantities of fluid in the tube of the meter), while sizable 
relative differences at maximal flow rates could be explained by 
presence of air and bubbling of solution. Due to presence of air 

and bubbling of solution, flow becomes two-phase flow and tube 
of the Coriolis meter does not have frequency of oscillation like 
pure, single-phase sucrose solution (Fig. 4). Presence of air in 
the solution was proved by visual detecting and replacing Corio-
lis flow meter with a magnetic one. It is known that magnetic 
flowmeter cannot measure two-phase flow ([12]). When it was 
put on the line it did not operate. 

C =65 [oBx]
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Fig. 5. Hydraulic characteristics of evaporator at concentra-

tion C = 65oBx and temperatures of solution t = 30oC and t = 
35oC 

Sl. 5. Hidrauličke karakteristike ishlapljivača pri 
koncentraciji C = 65oBx  i temperaturama rastvora t = 30oC  i t 

= 35oC 
Coriolis flow meter measured hydraulic characteristics which 

were expected for the evaporator of sucrose solution. Increase in 
temperature of solution produces increase in Reynolds’s number 
(Fig. 5 and Fig. 6),  

ν
vDRe = . 

This behavior could be explained by the fact that increase in 
temperature of sucrose solution produces decrease in kinematics 
viscosity (Bajić, D, et al) 

Also, decrease in concentration of sucrose solution produces 
increase in Reynolds’s number (Fig. 7 and Fig. 8). This behavior 
could be explained by the fact that decrease in concentration of 
sucrose solution produces decrease in kinematics viscosity (Ba-
jić, D, et al). In this way, decrease in concentration of sucrose 
solution (viscosity) produces decrease in flow resistance and it 
makes wider range of measurement and higher values of volu-
metric flow rate (Fig. 7 and Fig. 8). 
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Fig. 6. Hydraulic characteristics of evaporator at concentration 
C = 50oBx  and temperatures of  solution t = 30oC and t = 35oC  
Sl. 6. Hidrauličke karakteristike ishlapljivača pri koncentraciji 

rastvora C = 50oBx  i temperaturama t = 30oC i t = 35oC 
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t =30 oC
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Fig. 7. Hydraulic characteristics of evaporator at temperature t 
= 30oC and concentrations of solution C = 50oBx, C = 55oBx, C 

= 60oBx and  C = 65oBx 
Sl. 7. Hidrauličke karakteristike ishlapljivača pri temperaturi t = 

30oC  i koncentracijama rastvora C = 50oBx, C = 55oBx, C = 
60oBx i C = 65oBx 
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Fig. 8. Hydraulic characteristics of evaporator at temperature t 
= 35oC  and concentrations of solution C = 50oBx, C = 55oBx, C 

= 60oBx and  C = 65oBx 
Sl. 8. Hidrauličke karakteristike ishlapljivača pri temperaturi t = 

35oC  i koncentracijama rastvora C = 50oBx, C = 55oBx, C = 
60oBx i C = 65oBx 

CONCLUSIONS 
Installation of the Coriolis flow meter is simple. They gener-

ally do not require special mounting and maintenance, and their 
operation is reliable and trouble-free. A wide range of sizes and 
configurations are available, suitable for almost any process line 
and condition. Also, Coriolis flow meter occurs 4 – 20 mA cur-
rent output for monitoring and remote controlling. Of the various 
vibrational densimeters the Coriolis mass flow meters, as multi-
variable transducers are the most practical, since they deliver the 
density measurement using the same vibrating tube and trans-
ducer that produces the direct mass-flow measurement. An ad-
vantage of Coriolis flowmeters is that it measures the mass flow 
rate and density directly, which eliminates the need to compen-
sate for changing temperature, concentration, viscosity, and 
pressure conditions.  

Application of majority of methods for density, viscosity and 
volumetric flow rate measurement of liquids demands compen-
sation of these parameters due to solution temperature and con-
centration change, by taking these into account. Despite the fact 
that Coriolis flow meter provides an absolute measuring of den-

sity and volumetric flow rate and it does not need to compensate 
the measuring due to concentration and temperature change, the 
errors could occur due to presence of air in the sucrose solution 
(large contact surface between air and sucrose solution) and 
bubbling of solution. The presence of air in the sucrose solution 
flow actually makes two-phase flow and decreases accuracy of 
the measurement. 

There is a great need for systematic trials, closely supported 
by basic physical modeling, in order to gain a deeper under-
standing of error behavior of Coriolis meters under two-phase 
flow of sucrose solution. Undoubtedly, a universal two-phase 
flow correction model for the sucrose solution is the ultimate 
research goal. 
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