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Simultaneous Measurement of Liquid-level, Concentration
and Temperature of a Urea Tank using Ultrasonic and
Electrical Conductivity Sensors
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Abstract: The purpose of this study is to propose the basic data for the development of a sensor
capable of simultaneously measuring the liquid-level, concentration and temperature of a urea tank using
ultrasonic and electrical conductivity sensors for diesel vehicles with a urea-SCR system. It was found
that the liquid-level of the urea tank using the ultrasonic sensor showed a good linearity with the actual
liquid-level, and the urea concentration maintained good linearity in the range of 32.5 wt% to 10 wt%.
It was an effective measurement of urea concentration to use the electrical conductivity sensor in the
temperature range of -10~22C and to use the ultrasonic sensor at 22°C or more. Simultaneous
measurement of concentration, liquid-level and temperature of the urea tank will be possible by attaching

the electrical conductivity sensor and the ultrasonic sensor (split-type) to one sensor together.
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Temperature : 26°C
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Fig.

Urea compressibility (Bs) (bar')

BEREE
o] g3

0.0000350
0.0000347

0.0000344

0.0000335

0.0000341 |}

0.0000338 &

L 1 1 ! 1 1

0 10 20 30 40 50 60
Temperature (°C)

8 Adiabatic compressibility ([3s) of urea-water

solution according to temperature

1200

-

o

o

o
T

800

600

400

Electric conductivity (uS)

200 r

-

®Urea(-1°C)

“Urea(26°C)

0

Fig. 9 Electric

10 20 30 40
Urea concentration (wt%)

conductivity —according to urea

concentration according to temperatures

oo X| H218 A5, 2017 108

3.3 MIIMEE MAQl £X Zu}

Fig. 9v A7IAEE AA ¢ o3t 2% w3}
02 o} TEE AT Aot A3 &
dol F=HS (5~32.5 wt%)dll A AV HAEZ(E)E
200<E<1000 (#9)¥<= & 4 Atk 2E(-1T)y7F
g AT e ASQ6C)ET HI|HEE
A Uehda ok AszedA =A%

A7NAEAE AAG TR 5575 259
3 AZIA=A7E AA L Yok wEkA AR E2E
of SHolE ALT AFe 2= -10~60T
Al 5o ME HAVAEEE BAI FojoF g
o &% 26C 9 A% 4 (DA 4 as -2x107,
= 0.0184, c= 0.9619°]t}. T A5 2HE- urea-SCR
ANz $go} FEE 30~32.5 wt%S AM&3lo
o tEZ(AAEE 325 wt%), ©] T= W9 A
ZNAEE FEE 894<E.<940 4SO EZ, o] WIS
BojuEs 49s ol B30 ol&Ede] £44€
[

Lo

>
>
op

sl H48 A9 5
e vimsla itk
wo] ZgHof 91
=

Agste] 345

=
4

fo
=
]

N H )y
2 o
2
rr

o M M

d¢HTE o A YERR

Fig. 11 $go} v 2o u& A
= & Jeiga 9tk 325 wt%d o 7]
£ -10CoAA 713 23 257 SEE4E
AETE FolAH, 2% 24C H oA H4gk
Yl ot I o]F AVHEEE 57}

TE o tAl AXE Aol Itk 4
of T=7} FolATE MAEEE

< Hola ot wEhA o] HI|HEERREH
ZE vud AFsA #EE £ de WA=
-10~22C ®W9joIt} o] &% WMo AVNAEE
(EBooll T2 25+ T 332 o2 YEed

=
N
o B AL R

2N
e

tlo mo N bt

Mo o

t = —0.007E’+0.4228 E°— 9.4165E,+ 1041 (10)



I
0
L2t

1000
4 800 |
2
=
© 600
=}
©
c
o
% 400 r -+-Distilled water
L -=-Tap water
® 200 |
w *
0 1 1 L
0 10 20 30 40

Urea concentration (wt%)

Fig. 10 Electric conductivity

controlled by distilled

according to urea
concentration  for

water or tap water

1,200
+-32.5% #24.9%
+16.39 19
1,050 6:3% ~8.1%
0)
2
> 900
= J—_
S
© 750
c
Q
o
L
5 600 r W—'
@
w
450
300 reveey resvegeesessecy

-10 0 10 20 30 40 50 60
Temperature (°C)

Fig. 11 Electric conductivity of 32.5 wt% according

to temperatures

olgel AnERE CAAERE Feoke

T9, 2EE SA AT 015 g
gk e AlAe HVAEE AlAeL 25T AlA
By AAYE e AR ARste] A7)
AFAINE S&31A 730 dF 59 99
of a9 s Uetlle FHE 2N E
o] &3t 2 (8)5—;—:'-‘7"5] 7%+ Atk fdote =
= dY BE 325 wi%Rth ¥ A9 xS
A A (Fig, 6)9} AZIAEE AAFig. 999 F A&
E A ol g3t FE F Ut 2EE 2EH

- Y

? -10~22TC ol A= FA7|HEE(Fig. 11) AAME ©]

|33, I o)ollAE 2SI (Fig. NE ol &

st F& £ Uk oA F AAE AESIE
A

54 5 9olA & MM A REL BE
B FE ARt Yok ol T FFe AAe

SEshy] fEiM = 7 Al

A ALE2} urea-SCR Al 2~8Hl-& $-dlo} &9
T a8a 2x9 TA A g3y =
9} AZIAEE AME Uz A2 2 9
718 delE & gr3lr| 9 AFZAHAE 8o}
A oe 2o

1) 259 AAE o]&3 ot Ba FHe
Eol9} £& AXASE BYon, fHo} F
TZE 325~10% WA E

j9

1(%464 Py %A] o e

= 7l
o] =& 20153 AR(mHH=
Al AL
(No. 2015R1A4A1041746)°]T}.

sapaye] 29l

o
o2 ¥FAT wop FaE AT

References
1. R. V. Helden and M. V. Gendereren, 2002,

"Engine Dynamometer and Vehicle Performance
of a Urea SCR-System for Heavy-duty Truck

PRI AISRR] 21 M5z, 20174 108 77



Z2uiet HIIME MAS 0I83t Pa0t W 491, 5= U 20| S| 5 Yot

Engines", SAE paper No. 2002-01-0286.

2. T. V. Johnson, 2006, "Diesel Emission Control

in Review", SAE paper No. 2006-01-0030.

3.C. K Seo and J. Bae, 2015, "De-NOx
Characteristics of V>0s SCR According to the
Ratio of TiO, Crystal Structures", Journal of the

Korean Society for Power System Engineering,

Vol. 19, No. 6, pp. 26-32.

4. Technical report, 2014, "2012-2016 Global

Automotive Sensors Market", Technavio

Insights, p. 10.

5. H. J. Lee and D. M. Seo, 2009, "Ultrasonic
Flaw Detecting Test", Enplebooks, Seoul, pp.

36-44.

6. D. Ensminger and L. J. Bond, 2012, "Ultrasonics",

CRC Press, pp. 33-34.

78 StZFEI|AlS SRR M213 AM5Z, 2017'F 108

7. Technical Leaflet, 2006, “AdBlue (BASF)”, pp.

1-6.

8. R. A. Fine and F. J. Millero, 1973,

"Compressibility of Water as a Function of
Temperature and Pressure”, The Journal of
Chemical Physics, Vol. 59, No. 10, pp.
5529-5536.

9. A. T. J. Hayward, 1971, "How to Measure the

Isothermal Compressibility of Liquids Accurately",
Applied Physics, Vol. 4, pp. 938-950.

10. B. C. Choi, 2017, "A Measuring Device of

Level and Concentration of Urea-water Solution
Tank of a Urea-SCR System for Automotive
Diesel Vehicles using Ultrasonic", Korea patent
No. 10-1725108.





