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Separation Technology and Application of Evaporation Tower in
Boron Recycle System of Nuclear Power Plant

ZHENG Wei, LIN Peng, LIU Xiajie, LI Li
(China Nuclear Power Technology Research Institute Co. , Ltd. , Shenzhen, China, Post Code; 518031)

Abstract; To realize independent design of evaporation tower of boron recycle system of nuclear power
plant, theoretical calculation model of evaporation tower tray separation was established based on separa-
tion theory, evaporator separation level of boron water of boron acid solution was analyzed, and small
scale experimental device was used for test verification and analysis. Meanwhile, the calculation method
of entrainment rate of entrainment of evaporation chamber in evaporation tower bottom was analyzed and
given. The proposed theoretical calculation model was used for the design of evaporation equipment in bo-
ron recycle system. The results show that the numerical resulis agrees well with the experimental result,
indicating the correctness of seperation method adopted by theoretical analysis and calculation model. The
designed boron recycle system can satisfy the field operation requirement of nuclear power plant with a
high safety margin.
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Fig. 1 Flowchart of evaporation equipment

in TEP system
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Fig.2 Schematic diagram of separation model
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Fig. 3 Mass balance chart of evaporation tower
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Tab. 1 Evaporation tower structure and feed liquid

physical property parameters

Z H o
R RIS NAZ/mm 500
F& AR 18] B/ mm 302
M AFLAZ/mm 4.5
LA 477
i P HE B/ mm 165
Yi Y HE =5 B/ mm 50
R A%/ m 0.013
(9] 37 R e 2/ °C 95
A1 L/ kT kg ™' <K ! 4.214

/K. kg ! 2257.3

®2 HEEEITEER

Tab. 2 Simulation results of evaporation tower

Z B oM
BEAAL 3
PEARSF IRIEA A e, 0.03
22 BRIR SR b 0.7

55 3 JRAEMIB AR B a0y /mg-kg ™! 560. 56
55 3 R HORAKIRL I Ly /kgh ! 47.06
552 JEAEMR ARV B %, /mg kg ™! 2674.53
552 JAEMRIR AT L, /kg-h ! 47.06
551 JEIEMR AR SE «, /mg-kg ™! 12 198.29
E i G 2439.7

TR 3 B T DUE Y 7RI B 22 W BR IR AR
FR 0.7 B3 PIERPZMNT, )2 ORI
WA %, M 12 198 mg/kg, K2 M5 28 1R AY
WG ER x, /x, 2 439.7,
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Fig. 4 Experimental system
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Tab. 3 Experiment results of evaporation tower

x7/10 78 x,/10 ¢ %,/ Xp At 1]/ min
2.65 5403. 61 2039. 1 30
3.23 8141.88 2520.7 60

ML E 0 B T A5 B 2 35 R RH RO B 1Y
A BN, ZE R x, YR 2. 65 x 107 ~
3.23 x 107° X 17 i 2% 38 AROVAH T v B ) 3 L
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Fig. 5 Evaporation condition of tower bottom
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Fig. 6 Traditional evaporation condition
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Tab. 4 Design input parameters of field

evaporation equipment

E O
I BRI
M/ C 102.5
J£71/MPa 0.11
IR i/ kg+h ™! 3850
[l i/ kg -h ™! 350
o] JE % LS/ °C 95
H bl 4 i e B/ mg - kg ™! 7 700
H bR Z& IR e BE/ mg - kg ™! 5.0
x5 MBBELEEHEMETSHE
Tab. 5 Structural design parameters of field
evaporation equipment
Z o E
RN/ mm 1676
BR8] ./ mm 302
HEARFLAE/ mm 4.5
LA 5484
Y PRHE K/ mm 470
Yi it 3 5 B/ mm 55
R 2/ m 0.041 4
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FE 2 AT B o iR fRA K 4 K3k 5 s, A
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BRI 0T A RSO R 132 A1 15 0 B AR DG 24
N 6 ~ % 8 Firk,

xo6 HREFGITER(ERE n=4)
Tab. 6 Design results of field equipment (r =4)

moAH LV 1

22 BRI R B 0.3 0.5 0.7
5 4 JRIEARTEARINAC S oy /mg-kg ™" 215.1 299.1 495.2
5 4 R L, /kg-h ! 394.2 420.4 446.5
55 3 JRIEAREARIAESE a0y /mg-kg ™' 784.8 1096.6 1824.2
55 3 RIEMRAR T Ly /kgh ™! 394.2 420.4 446.5
o5 2 R x,/mg-kg™' 2500.4 3657.6 6357.6
552 R AR TR L, /kg-h ™! 394.2  420.4 446.5

551 JRIEAE AR E x, /mg-kg ™! 7 667.4 11882.0 21821.7
51 ZERBAT R L /kg-h ! 468.1 494.3 520.4

SE IR B )/ mg-kg ™! 17 612.5 28761.7 55534.3
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Tab. 7 Design results of field equipment (r =3)

o H HOE
2 BRIR AR B 0.3 0.5 0.7

53 EIEMRARANR B vy /mg-kg ™' 215.1  299.1  495.2
83 JRAEMRIB AT & Ly /kg-h ! 394.2  420.4  446.5
552 EIEMRARINR B v,/ mg-kg ™' 784.8 1096.6 1 824.2
82 JAEMRR AT R L, /kg-h ! 394.2  420.4  446.5
51 RIEHR AR x,/mg-kg ™' 2500.4 3657.6 6357.6
&1 JREMIR AT & L, /kg-h ! 468.1  494.3  520.4

SE R BE %y /mg kg ™! 5802.6 8913.8 16240.7

®8 WIFREFRITER (EWBn=2)
Tab. 8 Design results of field equipment(n =2)

moH OE

22 BRI AR B 0.3 0.5 0.7
52 RIS AR B v,/ mg-kg ™' 2151 299.1  495.2
552 R R L, /kg-h ! 394.2  420.4  446.5
1 ZIEMRARINR B », /mg-kg ™' 784.8 1096.6 1824.2
B JREMRR AT L, /kg-h ! 468.1  494.3  520.4

E IR %y /mg-kg ™! 1881.2 2733.3 4721.5
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