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A virtual sensing method of fouling fault in shell and tube heat exchanger

Wang Jinjiang,Sun Jiazheng,Gao Yi,Zhang Fengli, Zhang Laibin
(College of Safety and Ocean Engineering, China University of Petroleum ,Beijing 102249, China)

Abstract: With the growth of demand and the improvement of process complexity in nuclear power, petrochemical and other industries,
the safety monitoring of the status of key equipment lacks direct, real-time and online monitoring methods. It is difficult to achieve
accurate diagnosis and early warning of faults. In this article, the shell and tube heat exchanger, key equipment in the petrochemical and
nuclear power industries, is selected as the research object. By analyzing the fouling mechanism of the heat exchanger and its impact on
the heat transfer performance and applying the total heat transfer coefficient to establish the characterization relationship among the heat
transter efficiency, the heat transfer mean temperature differential and the fouling thickness, a virtual sensing method of the fouling of the
shell and tube heat exchanger is proposed. The method uses high-precision and easily accessible operation data of the heat exchanger,
including temperature, pressure and flow, to realize the online accurate sensing of the fouling thickness of the heat exchanger. Finally,
test is implemented by using a high-pressure vessel test piece on the hot state functional test bench circuit. The results show that the
virtual sensing model of scale in heat exchanger based on the total heat transfer coefficient can monitor the fouling thickness above 2. 2%
of the tube diameter within a 30% error range.

Keywords : shell-and-tube heat exchanger; fouling; virtual sensing; condition monitoring; total heat transfer coefficient
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Framework of the virtual sensing model

Fig. 1
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Table 1 The main structural parameters of two test pieces
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Fig.3 The influence of fouling failure on the small test pieces

F /N A D ST O, DAL Ik Pl ok /N R R S e
RERE G SRR Fn O T2 SR
AL RIER I | PO R RS A R A T 45 00 1K, 2
B LBLUNER 3 PR o S5l R AL PR S 4 a6 1 it
IAPERERSZI AN 4 FT7R

®3 KRRABRGLERLESETIR
Table 3 Reference conditions for fouling of large

test pieces

TH M5 HR Tt
A BB/ C 75 47
A HJEJ1/MPa 2.0 0.3
’ Wi/ (m’/h) 25 10
I 5 K HIFN CaSO, R

ca6f
i %ﬁm@*ﬂggnwili mmw ”
a2t — it R ' |

0 20000 40000 60000 80000 100000 120 000 140 000
(a) FEFEFE [

(a) Pressure drop of the shell side

%0.615 - TN e
'’ N .
#0.610F VN
£ 0,605~ A HIARSE N
0600L— IEH BT Ve
) 0 20000 40000 60000 80000 100000 120 000 140 000
(b) B
[} (b) Heat transfer efficiency
ap 15.6 )
B - SR ECT L R 2 R
B 154 T — B PRERRE
152 PR
% 150 F g™
B 0 20 000 40000 60000 80000 100000 120 000 140 000

(c) Ttz

(c) Heat transfer mean temperature differential

12600 TR

ET207 L psm L R

21200 | — EAIEA BAERRE %M

@ 0 20000 40000 60000 80000 100000 120 000 140 000
& i [ /s

4 (d) BAE AR

i) (d) Heat transfer coefficient

B4 2Rl R0 KR P A e g I A BE AR R
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