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Algorithm and Experimental Analysis of Inverse Heat
Transfer for Liquid Level Detection of Storage Tank

SHI Hong-chen, SUN Feng-rui, YANG Li, CHEN Lin

(College of Power Engineering, Naval University of Engineering, Wuhan 430033)

Abstract: The inverse of liquid-level based on the surface temperature of a tank is a new liquid-level

recognition method with high identification accuracy and wide application range. A physical model for a

storage tank is established. The surface temperature field of the tank is derived by a finite volume method

and the liquid-level and temperature inside the tank are inverted. In order to verify the recognition

accuracy, an experiment for pressure vessel comparison is designed. The experimental results show that

the simulation recognition error is less than 1% in the range of acceptable measurement error (σ=2◦C)

and the experimental recognition level error is about 2%. The liquid temperature inside the cylinder can

be recognized by the inversion algorithm and the recognition precision is higher. The experimental result

shows that this recognition method is effective and can provide the theoretical and experimental basis

for infrared liquid-level detection and temperature recognition.

Key words: inverse heat transfer problem; liquid-level detection; infrared thermography; pressure vessel;

experiment
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k
∂T

∂z
= 0 (z = 0, z = Lz)

−k
∂T

∂r
+ hin(T − Tin) = 0

(r = r1, z ≥ Lm, hin = hgas, z < Lm, hin = hliquid)

−k
∂T

∂r
+ hout(T − Tout) = 0 (r = r2) (2)

MT� T 4��� k 4NT�H�O� hgas 4
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Lz=0.7 m, r1=0.3 m, r2=0.303 m, Lm=0.475 m,

Tin=100 ◦C, Tout=27 ◦C, hgas=20 W· m−2 · K−1,

hliquid=100 W· m−2 · K−1, hout=10 W· m−2 · K−1,

k=15.2 W· m−2 · K−1 �

h^�D�^��c� =,�6:�,
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= 2 fghjijklm (Tin=100 ◦C)

= 3 kj 80 ◦C lnoh=d

= 4 kj 100 ◦C lnoh=d

= 5 kj 130 ◦C lnoh=d

2.1 Æ_efghi7jPk`lmna	b

6:7��4p�V��67��4)m

V�JK��3=,4*0!0q, 1 4, 2 �

c 1 defghijklmnopq

(Tin =100 ◦C)

σ(◦C) Real value(m) Identification results(m) RE(%)

1.0 0.4750 0.4749 0.21

2.0 0.4750 0.4797 0.99

3.0 0.4750 0.4960 4.42

no 0.4750 0.4820 1.44

c 2 rstuvwxyz{hmnopq (σ=2.0 ◦C)

Tin (◦C) Real value(m) Identification results(m) RE(%)

>o 0.4737 0.27
80

no
0.4750

0.4700 1.05

>o 0.4787 0.99
100

no
0.4750

0.4820 1.44

>o 0.4714 0.76
130

no
0.4750

0.4835 1.79
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c 3 defghijklmnopq

σ(◦C) Real value(m) Identification results(m,◦C) RE(%)

1.0 (0.4750,100.00) (0.4736,99.94) 0.30

2.0 (0.4750,100.00) (0.4773,99.88) 0.48

3.0 (0.4750,100.00) z 0.4831,100.59 { 1.70

no (0.4750,100.00) z 0.4811,99.59 { 1.28

c 4 rstuvwxyz{hmnopq (σ=2.0 ◦C)

Tin(◦C) Real value(m,◦C) Identification results(m,◦C) RE(%)

>o (0.4765,79.38) 0.32
80

no
(0.4750,80.00)

(0.4802,80.38) 1.09

>o (0.4773,99.88) 0.48
100

no
(0.4750,100.00)

(0.4811,99.59) 1.28

>o (0.4783,129.87) 0.69
130

no
(0.4750,130.00)

(0.4845,130.29) 2.00
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