Nuclear Science and Technology &R} 5+HR, 2019, 7(2), 56-64 Hans )i
Published Online April 2019 in Hans. http://www.hanspub.org/journal/nst

https://doi.org/10.12677/nst.2019.72008

HPR1000 Feedwater Heater Drain Recovery
System Simulation

Zhengquan Xie
China Nuclear Power Operation Technology Corporation, LTD, Wuhan Hubei

Email: xiezqg@cnnp.com.cn

Received: Mar. 18”’, 2019; accepted: Apr. 1“, 2019; published: Apr. Sth, 2019

Abstract

Hualong One (Fuqing5/6 Nuclear Power Unit) is the first HPR1000 (Hua-long Pressurized Reactor)
project in the world. Its spare FSS simulator is based on the RINSIM2.0-Windows platform
developed by CNPO. This article mainly introduces the mathematical mode of flow nets on
RINSIM2.0, then takes the HPR1000 feedwater heater drain recovery system as an example,
particularly presents the whole process of flow network modeling and testing using graphic
modeling tools.
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EELAREIR H R, AR KPHAE. REESERReE N k@2, b mfae
PEAS BN 2 N . AR B A% IS % A2 BRI 2 (00, AVERIRIBANL G SE 9 G 25 R e
MM, FEERAE A RR A BGES P AT A Ay B UREFE FH TN BTEaER I, BRI DL &
AR ) BRI, 2 L4 WAL A S AL, B SR AN S ESRUNL {5 F 2 HLA
(I AT FUFE A B 5 — A I R BT R B AT B S E S B LA LRIV ERAEAT SAR A . BLALLE 8L A v
AbFEHE () AR AR T R, B BISRAE — MR 1 T

68— 5 (HPR1000)& 3% E B A H E MR BUH 6 = AREKHEZ AR, HPR1000 54T i
T T A% AR B S5 0] S Bt vl SE R SR ), B S E A R E G —, R e TR T, B
BNANAERE BN A 45 & S5 R . AL AL /KN AR B K B RG], S AT — 5 2 Y AL IR 3 0 5
o AL FLRAR o

2. RINSIM i EEE N

RINSIM {jj B G 3 (A% 30 14 P RIBAT Y S WS Fe . |z N T &K 8h 1B i)
BN TR BN ST HEAE & o o A 2 EE AN S BRI I N SRS N
LH, PRI RIS, EATREINEE . BESSE.

RINSIM 1/i 2V & H 1A 3 #F Linux £ 40 RINSIM 1.0 A1 57 # Windows 5 4t ) RINSIM2.0 il A< .
RINSIM1.0 A B SZ 435 84+ Simbase. EIEAZ T H SimDraw. FEEALER T A SimGen. SERT EEHA
WAF SimUGD 55840208 . SimGen EALMI TS FHA ., UIERG. I TR, BCHEMNZ., HERM
25 (R AR O] R AR POK AR T R 4 AR AR AN T R 4 B SCRFI R GEAN A4, RINDSIM2.0 5 RINSIM
1.0 AT STET @ R — R TR, LR T RIMSIML.0 ) SimDraw, SimGHMI, SimGen,
SimWare & SimUGD Z3hE, S2BL TP A, LE@MARE, ik st aflhte, WAm @
TR AR R AR SR TAE . %P & CRANE R —SHIE 5/6 520 HBA LA AL HTH K2/K3 4
0 AL FF K

A3 HPR1000 45 7K AR B 7K [ W FR 48 g 45077 502 SR A RINSIM. 2.0 15 57 5 384T,  HBiK# 5
K H simflow1 A SR AN o] e 4 7 AR, 28 TR R 46 4 o R R FH AR R e B8, 18 AT HESCR A sinflow2
AR PR, FErh SR T RINSIM 15 5°F & A i 0 I R 7

3. kMR TIKEWRRZG A

L5 KNI BRI R G8(TFR )2 — MR E R G2 — . EH R R G AR EGLZ&R . fldt
ISV AN BB A /K SRR ) — Bl BR 57K, SIS — [l R 45 /K IR AT s[RI SEBL B /K mUse, I
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Figure 1. Flow chart of TFR
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5.1. TFR R EREFRMANSH

K INFAZRHK IR G G IFFIBUKF . 4 GBUKEULILEERTHR, Pi5) LP4 (K
PRAR I B IK 53 A G 7K 15 IR E P #1) LP3 AR N #Es o P51 LP3 IR H I s 1) B3 7K ELFEA AT L (1) 5
K. 2 LP4 RS Bl s =K AL, S 2B R BB 3T, 8 2B KR BT .

REBUKME N B VAWM EKE, ¥& B E/KAE P REUK TS EIEAN S LP3 IS In# g gt K
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1) MCEHKSE TFR301~304PO

KRG BRI E 2 6 50%A & IRINEKRE, —H—%, B EVAHRE 4 S0 KR
K20 B3 N R BRSBTS L

EE [ EE | 2F]

2

¥= &% 0 @ ®m 10
1 pmpdirect false static
2 &F ppump static
3 ppumpd 0. 000000 static
4  ppumpb 0.13099 EKg2/s2.Pa static
5  ppumpb 101325, " pa static
&  ppump? 100000, - W output
7T psuc 0. 000000 pa output
8 pdch 0. 000000 pa output
9  pumpcav false output
10 pmpcav_"" false hard
11 pmpcav_"" false static
12 pumpsprtd 1500. 00" rpm input

Figure 2. Main input parameters of the pump
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Figure 3. Pump characteristic curve
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2) I E M2 A
IR MRS 40 T8, LP1-LP4 MBI TIGHE 8 . 4 4 9 TFRAO1RE MG MIAAZE i & 540

Ao

e # L8072 KR 10
foul_mal 0.000000 - double hard
zhtpcn 591000 kpa double statiec
F zoxp™" kpa double static
zhtpa 0 kpa double static
zhtpsat 591000 kpa double static
zhtpv 591000 pa double static
zhtp 591000 pa double output
zhtpd 591000 pa double output
zchtc 25, 167 kg/s double static
zhtwt 569.914  ks/s double input
zhttfi 132.5 c double input
zhtitfe 132.5 & double static

Figure 4. Shell side of TFR401RE
[ 4. TFR401RE =l

3) KN /K 4 TFR301BA/302BA
TFR R4 IFER E B R INEGKAE T, SRRV AR AR AL . /KA b B S n B /K
#HO, EEHKEOS%, FEEESHENE S .

TE | EE | B

3

7= &R B Sl By 10
1 remrlevel 0 double il hard
2 remrttliq 134.3 double (% hard

3  remrttamb 134.3 double C hard

4 remrppvop 360 double EPa hard
5 & zoxp' double EPa static
6 zopair 0 double KPa static
T zapvop 360 double KPa static
8  zopvopl' 360 double KPa static
9 zopvsat 360 double KPa static
10 zopktot 360 double KPa static
11 zapptot 431940 double Pa output
12 zaoppbot 431940 double Pa output

Figure 5. Partial parameters of TFR301BA
[ 5. TFR301BA 73 & %
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Horpre

G—EIERE, Kg/s:

viIf—— W& TV — AR T AR

P P4 BINHT G5 £ 0

AZ — T i 5 AL e 22 5

cond—— it T

MAKG) TG, HETFEREERRS, TAEEERRE. W IREER. 557 6
FEMEZE, XEESHORZ W] LB SR SR B S HHE 3] X T simflow2 FANHE, BT AAAT R
PIRRHE oK, 5 simflow] AR BT REATER, SaTHEOE R & a8 RAE AN FEBEE . A59) 51
WA simflowl % simflow2 3444 58 Bi4s TFR R /KON & BK TR 48 1 30 55 & S a0
5.2. TFR ZAGr#ipELE

AR S AU L) B L S, AR BRI ARG I AN ] 2D (R S5 I o e P Ao SR AN R 2 S S
B BT NS BRIB AT I 0 o AEAUMTL H PR e 7 Dy 3 B RS R A B S DICS Wi o WL DI A 2R 4 i e
FEENO ., RBEO ., R, AL RIE, B, B, R EE R A A A
Wb . TFR RGER AR L@ B sh, IEBU 7R 3 ANMRFRR IR ( 1):

Table 1. List of TFR system failures
# 1. TFR RGHFEER

FF T o ESit] i [CEEipa
1 M_TFRTFROIA R*8 0~100% Bi/KHE 301PO M M1t
2 M_TFRTFRO1B R*8 0~100% Bi/K % 302P0 W it
3 M_TFRTFRO1C R*8 0~100% Bi7KZE 303PO MR I3t
4 M_TFRTFRO1D R*8 0~100% Hi/KZE 304PO M 117l

5.3. TFR 4> ZZ00R

7 RGMR RN AN RGEIAT IR, 5 HA RS8Rz O R 8 10 30 S slin & 10 AL B
5.3.1. EEEBTIRMR

HLJTIER ST, TFR MIAZEUKEN RS 2 51393217, LP4 7efllEi/K % LP3, LP3 ek
BACINB KA FHEEINIE XS LP3 447K M H 4], LP1 & LP2 e s /K HE = 5<% . i TR iR AT iR,
KRILRFIH A FIBATEER . & 2 HTE TMCR LRGSR, mTLE I B4R S5 WIHE 2 MR ZEY
1E 1%L, TR RZEE R £ 38 VWO Ll PR R, RZEE 1%A, 2 RZER,
5.3.2. BUFEAR

PABR7KZE TFR301PO W A I M_TFRTFRO1B A7 izl . 7 TFR TMCR s IEH 817
if, #f A M_TFRTFROIB, #FEFEE 100%, W% 4 R RS X ESHHIE, HTREANDOME S
fRMER KA TFR301ba /KAL NFE, #HF K JIBRAK, BN DRG], ARMB KA 77K AL

DOI: 10.12677/nst.2019.72008 62 MR A


https://doi.org/10.12677/nst.2019.72008

BB
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Table 2. Running test results in TMCR conditions
# 2. TMCR TRFHEITMIALE R

B¢ Eiiipa LA G aKi: FAME W
tfr001f1401rezhttds 4A EHKH DR E C 156.2 156.81 0.39%
tfr001bnd1003flowpb 4A BiKE kg/s 25.167 25.1729 0.023%
tfr001tfl401rezhttd AA TRKIRE C 135.5 135.5123 0.009%
tfr001bnd1003hpp AA BRKIEE ki/kg 570.1 572.5267 0.43%
tfr001tf1301rezhttds 3A FHKH DR E C 1323 132.7803 0.36%
tfr001bnd1007flowpb HEW 3A BiKR & kg/s 61.634 61.6295 -0.007%
tfr001tf1301rezhttd HeH 3A BiKILE C 1343 134.3648 0.048%
tfr001tf1301rezhthl Het 3A BiKIE1E kj/kg 564.7 565.0814 0.068%
tfr001tfr301bazopkbot TFR301ba JE /1 Kpa 350 350.7758 0.22%
tfr301baremrlevel TFR301ba J&f7 mm — 11.9 —
tfr001bnd 1008 flowpb #t\ TFR301ba i kg/s 61.634 61.6298 —0.0068%
tfr001bnd1013flowpb Hett TFR301ba i & kg/s 61.634 61.6298 ~0.0068%
tfr004tfl201re_szhttds 2A FHKH DR E C 95.2 95.21001 0.01%
tfr004bnd 1001 flowpb He 2A BiKIE keg/s 43.254 43.254 0
tfr004tfl201re_szhttd HEH 2A BiKIRE C 96.7 96.84927 0.15%
tfr004tfl201re_szhthd HEH 2A BRI E kj/kg 405 405.7799 0.193%
tfr004tfl101re_szhttds 1A F4KH DR E C 54.7 54.81776 021%
tfr004bnd1005flowpb HEH 1A BiKE kg/s 36.908 36.908 0
tfr004tfl101re_szhthd Hi B K A C 56.2 56.31778 0.2%
tfr004tfl101re_szhttd HEH B KL kj/kg 235.4 235.66 0.11%
Table 3. Running test results in VWO conditions
#* 3. VWO TREHEI TR EE
B i3 Hhr Ay AL A R7E
tfr001tf1401rezhttds 4A ELKHE DR E T 1573 157.83 0.34%
tfr001bnd1003flowpb 4A BRI E kg/s 26.0394 26.0462 0.026%
tfr001tfl401rezhttd 4A BiKIR T 136.4 136.5646 0.12%
tfr001bnd1003hpp 4A BRI E kj/kg 574.1 577.1037 0.523%
tfr001tf1301rezhttds 3A FHKH F A C 133.2 133.5262 0.25%
tfr001bnd 1007 flowpb Heth 3A Bk E kg/s 63.7737 63.7671 -0.01%
tfr001tf1301rezhttd Heth 3A B E T 135.2 135.1995 —0.0004%
tfr001tf1301rezhthl Heh 3A BRI kj/ke 568.7 568.6656 -0.006%
tfr001tfr301bazopkbot TFR301ba & /3 Kpa 357 357.9262 0.26%
tfr301baremrlevel TFR301ba &AL mm — 22.6 —
tfr001bnd1008flowpb #t N\ TFR301ba ifi & kg/s 63.7737 63.7672 -0.01%
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Continued
tfr001bnd1013flowpb HEH TFR301ba & kg/s 63.7737 63.7674 -0.001%
tfr004tf1201re_szhttds 2A EL/KHE HRE T 95.9 95.90372 0.004%
tfr004bnd 1001 flowpb Heh 2A BKAE keg/s 44.653 44.6536 0.001%
tfr004tfl201re_szhttd Heth 2A BR/KIRE T 97.4 97.70541 0.31%
tfr004tfl201re_szhthd Heth 2A BRKIA kj/ke 408 409.3907 0.34%
tfr004tfl101re_szhttds 1A ELKH R C 55.2 55.50767 0.56%
tfr004bnd 1005 flowpb Heh 1A BiKRE kg/s 38.552 38.5514 -0.002%
tfr004tfl101re_szhthd HE B KR A T 56.7 56.99019 0.51%
tfr004tfl101re_szhttd Hi th B KR kj/ke 2375 238.5475 0.44%

Table 4. Results of TFR failures test
%2 4. TFR SN ER

RS ¢4 Eiiipa LA EHAE EENG
tfr001pnt1008ppnt TFR302po A\ 1 JE /) KPa 336.7 325
tfr001bnd1013flowpb TFR302po A\ it kg/s 61.63 48.6
tfr001tfr301bazoppbot TFR301ba J£ 77 KPa 350.7 348
tfr001tfr007mnzoyout TFR301ba 317 mm 11.9 7.7
tfr001pipe1026fvol M_TFRTFROIB it # i & kg/s 0 18.1

6. /&5

ASCHETF RINSIM2.0 /5 F-F- G &% HPR1000 25 K IN#AES 5 /K [BIUR R Ge(TFR)HEAT T L2 3, fiiF
ERFF AR SR, R SISO T SEPR L IS AT A A L, S RIS L . R
BB NS E RSB AR ZRERVFERN, B8 ER,
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