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Abstract Circulating water is used as the working medium in water-based chillers. Salt ions, such as calcium in circulating water, may
precipitate during long-term operation, resulting in the attenuation of heat transfer performance. The application of small-diameter tubes in
heat exchangers may lead to more prominent fouling problems. This study developed an accelerated fouling method to evaluate water
fouling risk. The most typical operating conditions for water-based chillers were selected as the experimental conditions. The test samples
included small diameter (5 mm) smooth tubes, with 7 mm smooth tubes selected for the control experiment. The experimental conditions
include a circulating water inlet temperature of 60 °C, a flow rate of 1 m/s, a foulant mass concentration of 800 mg/L, and a test time of
0-400 h. The results revealed that the total fouling mass was 39. 5% higher and required fouling time was 17. 6% shorter when comparing
the 5 mm and 7 mm smooth tubes; the small diameter tubes had a larger total fouling mass and higher fouling rate. The heat transfer
coefficients of the 5 mm and 7 mm tubes after fouling decreased by 12. 5% and 9. 7%, respectively, and the pressure drops increased by
50.6% and 10.4%, respectively, demonstrating a more severe heat transfer performance deterioration of small diameter tubes after
fouling. The microscopic observation results of the fouling layer morphology demonstrated that the fouling layer in 5 mm tubes is a form of
compact lamellar scaling, which is more difficult to remove compared with the 7 mm tube; therefore, the fouling risk should be considered
when promoting the application of small diameter tubes in chillers.

Keywords chiller; small diameter; accelerated fouling method; crystallization fouling; experimental research
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Fig.1 Principle and setup of the experimental bench
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Tab.1 Test section parameters

S8 ol
BEER/m 0.2
B2/ mm 5.7
WA B[] FE/mm 10

R2IBWTRBY
Tab.2 Test conditions parameters
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Tab.3 Measurement accuracy and calculation error
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Fig.2 Fouling mass change with time for

two types of samples
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Tab.4 Variation of heat transfer coefficient and pressure drop before and after fouling
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Tab.5 Fouling layer morphology change of smooth tube with time

L5IR 2B

A KB B

5 mm

<
4 =
=

AR BE S E RERCIR A

ul

AR B B B R AT

Ho

H

I

TER B B E R

M1 5 n A, AL AA B B RS A A B e LLBIRER
H A LS A R R BT IR A R AR B
Bt s fh A HOR B o RSO T AT i
13 RS, A B BETE {0 B 45 0= AR K GER R T A

— 154 —

FE, Al WEEIRIZAEAE AR S oA . RRsE B B
Ie )2 SR AR AL, B R ARG 5 30 )2
OE R ol RS TR

Pt SEM BURAE R, il WA &5 2 32



%46 % 21
2025 4F2 A

PRI, A Ve K LA A VAR AL I S5 55 U 20 B

Vol. 46, No. 1
February, 2025

BENRGSE IR 2R FE S IR J= b R B e IR
BN ZALEEHE N 3 7R . RIS A S R
WREGER AT EHIR B4 SO ANE D7 RAR B9 7 i A, 1 A
BEMRUCT [ Ro g PEMGUR BT, 9 A B TR 515 A
IR AT, A2 U BR W0 2 D v i — Al g i
— BRI AL T 2 AR E B SO A, BRSO A
TR, S SR R SRR A, T e IR
BikAZFLENR ,  BEBAR” S Hh ] 1) FLAE S R AR 1
45 i R R A 1] A 2 AR E B DT i R
3 Bl A BUAR L AR A R S R B R RR AR E
ZERIZHEAL

(b) FrERGEH
B 3 SRR R MR

Fig.3 ‘Honeycomb’ loose porous structure of fouling layer
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Tab.6 Average thickness and maximum thickness of
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