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Abstract: The fouling of heat exchangers and cooling tower fill surfaces in the external cooling water system of
synchronous condenser can significantly impede the heat transfer efficiency of cooling towers, posing a serious
threat to the safe operation of synchronous condenser. In order to propose more effective anti-fouling measures and
elucidate the causes of fouling, this study employed characterization techniques such as SEM-EDS, XRD, FTIR,
etc., to analyze the microscopic morphology and chemical composition of fouling samples. Additionally, chemical
analysis methods and ICP-MS were used to analyze the makeup of makeup water and circulating water in the
system. The test results revealed that the primary components of fouling in the external cooling system are CaCQOs,
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SiO.and CaSiOs. The fouling in the cooling system is closely related to the absence of wastewater discharge
measures in the system, high concentration ratios during operation, and the infiltration of regional windblown sand.
This research contributes to proposing targeted anti-fouling measures for on-site operation of such cooling systems,
ensuring the economic and operational safety of synchronous condenser.
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Fig.1 Schematic diagram of cooling system for
synchronous condense
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Fig.2 Fouling of packing layer in evaporative cooler
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Fig.3 Fouling deposited at the bottom of the
evaporative cooler
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Fig.4 Study on the causes of scale formation of cooling tower packing
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Fig.5 SEM images of scale sample
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Fig.6 EDS site selection images of scale sample

x1 TRERAHTRERESE B W
Tab.1 Percentage of elements at different selection points

TLHR W 2 P 3 W 4
C 2.67 9.54 4.15
N 0 0 0
0} 21.01 37.74 24.84
F 0 0.01 0.27
Na 0.12 0.34 0.11

Mg 2.23 2.26 2.92
Al 0.40 0.25 0.56
Si 0.99 1.39 2.31
P 0 0 0
S 0 0 0
Cl 0.21 0.01 0
K 0.72 0.57 0.14
Ca 71.65 47.89 64.55
Fe 0 0 0
Ba 0 0 0.14

MR 100.00 100.00 100.00
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Fig.8 Infrared spectrum of the scale sample
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Fig.9 Water treatment technology of cold water system outside synchronous condense
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Tab.2 Contents of elements in circulating water
replenishment

TR T 2 o 15T 2
WRTE g er sy W B
Ca 23.54 1 23.54
Fe 0.025 1 0.025
K 0.767 1 0.767
Mg 3.112 1 3.112
Na 4919 1 4,919
P 0.007 4 1 0.007 4
Si 0.931 1 0.931
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Fig.10 Dust intrusion of evaporative cooler air filter
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Fig.11 Evaporative cooler air filter improvement diagram
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Fig.12 The improvement scheme for water treatment process in the external cooling system

6) ‘A EMMALINAK R AE AR

Xt T IR X vA A 2R Gt 45 U SR B 8 0 A AL
PARHEOL, 1ZARGEE YR TS OU™ B £ BRI 2 — 7
TIBHEN GO RGN E AL € W O T/
DA EHE, FEERKE, TUEETRK RS
TAAEL ST E B E A LRI B B E 73
BT A THELBE L. fELk pH THEEL
MR, S B AP ACOK T F AR, e
WE RS, Pk EA MR R

74 it

AR S0 HE L PR AR AL A E R R A EEE A
HORHZ 15 Y5 1 32 2 R4y S FE R IG TR ERL AT HE BB 4>
BT, FEEMXHIZIEANAEI RGHR T —Le 3R 4 Jiti .

1) X5 R ERIIEFE3E1T 7 SEM-EDS. XRD.
FTIR 25— RFIRIEREI . KL REY, LRGN
Ya B = B R A CaCOs. SiO2. MgCOs LA
CaSiOs.

2) WFEER A H BN FE K LA AR KIEAT T K
R4y HT AR ICP-MS Kl BFFR45 SRR, Z A4S
IR0 BER AR KISITE EA Y, BAXE
WAIEIR K HEAT3E 4G A0, 53R KR e 15 Rl v
T BRI B R R AR T L B SR IR

3) EXTIINA RGIFFE RS DL SRR A, 33
WOz S HETG , FERIEER KR4 5 2R 1 e AV
WIBAT I SO AMA R TR KA T2, B H koK

http://rifd.cbpt.cnki.net

JR, KGR SO A A R B AR T,
Gt LR NSRS A 5 R BL 5

(& ¥ 3 k]

(1] ES73, Semeih, AEHE 55 Rrm S5 ED A
L #4838 YL B e [ R 5 A Pt A ). o B L L
FEEHR, 2022, 42(5): 1968-1981
WANG Likun, Bl Xiaoshuai, ZHU Zhijia, et al. Research
on eddy current loss and fluid-solid coupling heat transfer
in the end region of synchronous condenser for UHV
transmission[J]. Proceedings of the CSEE, 2022, 42(5):
1968-1981.

(2] 5T, Msse, SR, 55 WANEENGEE R
1T B s (AR SE G [I]. h E L 77, 2022, 55(5): 76-83
LI Dongsheng, HAO Liangliang, GUO Zhilin, et al. Fixed
value optimization strategy of distance protection stage |1
after access of adjustable camera[J]. Electric Power, 2022,
55(5): 76-83.

(3] 5Wug, LS. [FPEAMNUR REERD]. T E LT
FR244K, 2023, 43(15): 6050-6064.

GUO Qiang, LI Zhigiang. Summarization of synchronous
condenser development[J]. Proceedings of the CSEE,
2023, 43(15): 6050-6064.

[4] THHANS, 0, 2UKRI 25 KUK A A ARPLE T

SR EH L ) B AR RS W I AU []. FRL S R AR,
2021, 25(2): 19-27.
MA Minghan, JIANG Meng, LI Yonggang, et al. Research
on fault diagnosis method of turn to turn short circuit in
rotor winding of large-scale dual water internal cooling
condenser[J]. Electric Machines and Control, 2021, 25(2):
19-27.

(5] 4, FIT4h, WRGE, S5 K LB mA LA NS
KEZG R A S5 N AH[I]. BB, 2023(4):
33-37.

GUO Yang, LI Kaituo, TAN Fenglei, et al. Performance
optimization and application of condenser external




% 3 0]

FEG S5 Ui XK RARD LS 22 58 45 U AR T 55 5 Y X SR 7T

175

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

cooling water system in ultra-high voltage converter
stations[J]. Electrical Machinery Technology, 2023(4):
33-37.

B, JFE, LM, 2. TIAHBLBR #K RGBT R
3P SRt [J]. Tolk/K AR, 2022, 42(8): 178-181
CHENG Yijie, HOU Xu, SHEN Yang, et al. Analysis and
improvement suggestions on design of demineralized
water system in synchronous condenser[J]. Industrial
Water Treatment, 2022, 42(8): 178-181.

Hk#og, AL, TR, S5 BAAPLA RN R G AK
pH TE £k W5 W J7 vE W 5 [0, B 3h 46 B, 2018(7):
101-102.

GENG Yaogiang, DU Sitao, ZHANG Linlin, et al.
Research on online monitoring method of cooling water
pH in camera cooling system[J]. Automation Application,
2018(7): 101-102.

R, H0, s, 55 RREERAS D KA R
BUK AV FEHLEAE I SR B HOR B FE 0], e s 4
AR, 2019, 45(6): 1795-1802.

REN Zhang’ao, YAN Ying, YAN Guilin, et al. Research
on the function and key technology of the large-capacity
dual internal water cooled synchronous condenser in
UHVDC system[J]. High Voltage Engineering, 2019,
45(6): 1795-1802.

RO, TREA, RTEW, S5 BRUREE R TR RAENL
HAE RSk S [3]. WAk EE 77, 2016, 40(5): 9-12.
CHENG Cheng, ZHANG Ming, LING Zaixun, et al. The
Selection and analysis of cooling system in 300 MVar
heavy-duty phase modifier[J]. Hubei Electric Power,
2016, 40(5): 9-12.

SR, PHOEIAA HK RGN e 22 0],
FimAME T %, 2015, 18(8): 44-46

GUO Liwei. Application prospect of closed circulation
cooling water system in refining and chemical enter-
prises[J]. Petroleum and Chemical Equipment, 2015,
18(8): 44-46.

LETE. YOKERERA N RELHNH[]. K
7K, 1996(1): 33-35.

JI Yanzhang. Soft water closed circulation cooling system
and its application[J]. Water Supply and Drainage,
1996(1): 33-35.

Mz, EIR, 8, 5 HHETIIHGE XA 8K
ML 3 D) e 2 ) 7 v 9], ol 3 1 i1 AL, 2022,
35(3): 86-88.

HUA Liyun, WANG Zhen, LI Jianwei, et al. Periodic
switching control method for mechanical draft cooling
tower fans of condenser[J]. Industrial Control Computer,
2022, 35(3): 86-88.

G, e, RELE IR A4 300 MVar BiARAL
R E RG], RHENEAR, 2021(4): 6-11.
HUANG Hao, AN Zhihua, ZHU Zhijia. Research on the
ventilation and cooling system of HEC all-air-coo-led
300 MVar synchronous condenser[J]. Big Motor
Technology, 2021(4): 6-11.

Brami. 300 MVar EFIHLITATEAR R ZK RG] B
HlEi AR, 2019(1): 6-10.

RUAN Mianzhao. Open circulating cooling water system
of 300 MVar synchronous condenser[J]. Electric
Machinery Technology, 2019(1): 6-10.

R, His. miR sk X R LN H R SR
[9]. ¥ 5214, 2019, 33(6): 609-612.

XU Dakun, GAN Lu. Research on model selection and
optimization for external cooling system of rotary phase
modifier in high temperature and lack of water area[J].

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

http://rlfd.cbpt.cnki.net

Refrigeration & Air Conditioning, 2019, 33(6): 609-612.
20, FhtaR, SR B E AL SR TR A AT
B[], HhEAR 5T, 2021, 40(4): 1180-1194.

LI Ming, SUN Hongquan, SU Zhicheng. Research
progress on dry and wet climate change in Northwest
China[J]. Geographical Research, 2021, 40(4): 1180-
1194.

BUR, RS, s, S5, PR A KR 20T
TR E IR AN R a4 0], AR, 2009
25(4): 52-54.

ZHU Huan, CHEN Yingmin, KOU Liging, et al.
Corrosion and scaling trend of condenser pipeline induced
by concentration ratio of circulating cooling water[J].
Electric Power Environmental Protection, 2009, 25(4):
52-54.

X, ZEHETR. FEEA K Gh I AN Tk 1 LB K F AR I [3).
WA AkIZ, 1998(2): 25-28

ZHAO Ming, LI Yanrong. Mechanism and control of
scaling and corrosion of circulating water[J]. Oil and Gas
Storage and Transportation, 1998(2): 25-28.

FEWH, RR, XL, A AR E 75 200 # o 1k
Refszmad]. Ak, 2018, 47(3): 82-87

WANG Mingyong, LUAN Jun, LIU Jiang. Impact of non-
uniform fill layouts of the cooling tower on thermal
performance[J]. Thermal Power Generation, 2018, 47(3):
82-87.

EEL, EEG. BT KR A &8 R IX #
JIVERE ) BUE BT 7T [3). #Resh 7 TFE, 2020, 35(1):
112-119.

JIN Qifan, WANG Hongguang. Numerical study on
thermal performance of filling zone of wet cooling tower
with swirl air deflector[J]. Journal of Engineering for
Thermal Energy and Power, 2020, 35(1): 112-119.
Wb, VRO, AL, SRR KA AT IER
2RI AHFL[)]. HEZ KK, 2020, 36(21): 93-97.
HU Shaohua, XU Botao, LI Xiangye, et al. Installation
method of seawater cooling tower packing in nuclear
power plant[J]. China Water Supply and Drainage, 2020,
36(21): 93-97.

AR, WA, SFuG, A SRS RS B
Y BE 3 A Bond % B i WL[I]. TEALER Lol 2021,
53(1): 91-96.

HAN Longnian, YANG Jie, XIN Jing, et al. Analysis of
scale sample of high pressure heat exchanger in diesel
hydrocracking unit and suggestion for unit[J]. Inorganic
Chemicals Industry, 2021, 53(1): 91-96.

Fig, SEWEH, w0, S BURHEIS SR b Sas e T
R E[]. 4L T, 2017, 46(12): 2515-2517.
ZHOU Mei, CAl Xiaojun, YANG Ershuai, et al. Fouling
analysis and cleaning ways of packing tower[J].
Contemporary Chemical Industry, 2017, 46(12): 2515-
2517.

E&, A, A, . KD H X Y
RO S E PRI ERRAN]. KL
(EARFLEEAR), 2023, 20(6): 103-110.

WANG Rui, BAI Jianfeng, PANG Yongli, et al. Study on
fouling mechanism and centralized fouling device of a
gathering system in Changqging Oilfield[J]. Journal of
Yangtze University (Natural Science Edition), 2023,
20(6): 103-110.

BT, TRV R Kb he B N SEORL S5 R 7 A 5 4
HI[J]. RA A, 2016(3): 68-70.

ZHAO Yunchun. Analysis and control of scale in chilled-
water spray device and packing of the air cooling tower[J].




176

#A%E 2

2024 F

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Cryogenic Technology, 2016(3): 68-70.

RO, EHEK, KHE, F. IEIK @RS S RIBITH
g Ua RIS 4 b e A B[] R I B BOR B
2022(13): 61-63.

SONG Jishuang, CAO Julin, ZHANG Geng, et al. High
concentration ratio of circulating water of scaling
operation risk analysis and processing[J]. New
Technologies and Products in China, 2022(13): 61-63.
BRoCiE. Sy SRR S s R i S R [0]. 1
ML, 2021, 50(13): 249-250.

CHEN Wentong. Analysis and prevention of scaling i-n
absorption tower of wet flue gas desulfurization[J].
Chemical Industry in Shandong, 2021, 50(13): 249-250.
REIE, b, FhEAL, 5. B8 EIE R 455 1)
OR S5 WA AE 5 H 2 73BT 9], 30 TR A4, 2022,
42(10): 897-903.

SONG Juanda, SUN Fengzhong, SUN Qinghang, et al.
Microstructure characteristics and component analysis of
packing scale in wet cooling tower[J]. Journal of Power
Engineering, 2022, 42(10): 897-903.

LIU X, GENG M, ZHOU S. Study on the scale an-d
corrosion inhibitor of urban reclaimed water reuse-d in
circulating cooling water of power plant[J]. IOP
Conference Series: Earth and Environmental Science,
2019, 227: 052061.

KELLERMEIER M, MELERO-GARCIA E, KUNZ W,
et al. The ability of silica to induce biomimetic
crystallization of calcium carbonate[M]//NICOLIS G,
MAES D. Advances in Chemical Physics. 1. Wiley, 2012:
277-307.

MA' Y, YAN W, SUN Q, et al. Raman and infrared
spectroscopic  quantification ~of the carbonate
concentration in K2COsz aqueous solutions with water as
an internal standard[J]. Geoscience Frontiers, 2021, 12(2):
1018-1030.

BRAAS, MR, FES A . UM A A Sk E — S
[ ET A1 6 B A5 AEBF 75 [J]. RE R R i@ 4R, 2011, 30(4):
934-937.

CHEN Hesheng, SUN Zhenya, SHAO Jingchang.
Investigation on FT-IR spectroscopy for eight different
sources of SiOz[J]. Bulletin of the Chinese Ceramic
Society, 2011, 30(4): 934-937.

http://rifd.cbpt.cnki.net

[33] CUIP, LU Z, WEN Y, et al. The mechanism research of
cooling tower scaling factors in HVDC valve cooling
system[C]//Proceedings of the 2015 International
Conference on Industrial Technology and Management
Science. Beijing, China: Atlantis Pres-s, 2015.

[34] WEnAE, BEAK, XIEELS. BRERYS VS 345 dish 14 5
Wi D5 A E[I]. Y RS RL, 2021, 41(8): 3584-3589.
HU Ruizhu, HUANG Tinglin, LIU Zenan. Influencing
factors of induced crystallization kinetics of calcium
carbonate[J]. China Environmental Science, 2021, 41(8):
3584-3589.

[35] FhidAL. ¥ =V &0 55 SR} 25 3 ML) 5 42 ol B R B 520
[D]. ¥ma: thZ K%, 2018: 1.

SUN Qinghang. Research on scaling mechanism and
control technology of wet cooling tower packing[D].
Jinan: Shandong University, 2018: 1.

[36] #h e & . — Fb 3 2 WM R B ZL
CN206692389U.X[P]. 2017-12-01[2017-12-01].

SUN Xiaowei. A continuous electric adsorption device:
ZL CN206692389U.X[P]. 2017-12-01[2017-12-01].

(371 T%, Wi, Bk, & FHIGRRIGH A w77
7%: ZL CN113249104A.X[P]. 2021-08-13[2022-08-05].
DONG Jun, HUI Jianchao, FAN Songlin, et al. Scale
inhibitor and preparation method: ZLCN113249104A.X
[P]. 2021-08-13[2022-08-05].

[38] fadcisy, KIG, @kt 5. BRI A7K FH &0 IR
R AR L]. 1L AR, 2023, 36(5): 102-120.

HE Zhenbo, ZHANG Li, GAO Mingxin, et al. Research
progress of green scale inhibitors for circulating cooling
water[J]. Shandong Science, 2023, 36(5): 102-120.

[39] Sk 145, (TE%EE, EA, & MEREYEH L EIEHL AT

FORHE R[], HRZR B TR 2 24l (H AR B2 i), 2024
50(1): 4-14.
ZHANG Ziyu, HE Guofeng, WANG lJie, et al. Research
progress of membrane scale inhibitors and their
mechanism[J]. Journal of East China University of
Science and Technology (Natural Science Edition), 2024,
50(1): 4-14.

(DUESHH KR




