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Abstract

Verification and validation of thermal-hydraulic system codes have been supported by relatively
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mature international collaborative projects and experimental databases. However, for newly devel-
oped codes, extensive modeling and consistency-checking efforts still need to be repeated according
to their specific input specifications. To improve the efficiency of constructing and reusing complex
system input models, this study addresses the compatibility problem of input models among different
codes and establishes an inter-code input model conversion framework and a consistent modeling
workflow. A large passive pressurized water reactor in China is selected as the research object, and a
representative RELAP5-to-TRACE conversion is employed as an example to systematically describe
the conversion, iterative correction, and cross-verification process of inter-code input models. Com-
parative predictions under typical conditions show that the converted model can reproduce the major
accident transient processes and key thermal-hydraulic phenomena, while the key output parameters
predicted by the two codes exhibit generally consistent trends, demonstrating the feasibility of the
proposed model conversion framework. The results indicate that introducing input model compati-
bility, conversion, and reuse mechanisms into code development and validation can reduce repetitive
modeling and consistency-checking efforts, and provide a technical basis for cross-code verification
and deviation source identification. This work can provide a reference for subsequent input model
conversion of similar reactor types, cross-code verification, and the development and validation of
indigenous thermal-hydraulic system codes.
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1. 51§

AT, WIKDRGEHIIER O Z N T O HER TR S A A2 1P, R ORI S B HE
M SZFE A EEEH . B ok OV HEROR M2 2 M nE AW R &, A RTKI RS0
PR RR AL BRRAR, AP AR & VG RO IR S ROk T . Aok, NHENIZ S N HERIE R it 5 22 4
SMTHER B EA, EWHKER. BT ARG IR T B B TR I R WP st T
fE, JEA T ARSAC [1]+ cosFlow [2]. LOCUST [3]Z:A0F M BUR

T RTARDRG I R R KRB ) Er i 5 22w, Ex& 24T 2016
AT B (3N ) Bt 2 20 ) (4] LB E 3 W K8l 1) 22250 B TSRV R 5 N H GRAT)))
[S1H I BAERLE , BT R I TR JIRE T I I P24 I B8 AIE S5 A A (Verification and Validation, V&V),
KRR RFE 7 22 nT SEVE L HERR IR FE A A O . B AT, BB b TR IRE T V&V SRR
N F G B Bk e U H 6 & AN EE SR (6]-[8] AV AR KIS IE 5 TR M R @ 2
TR 5835 (RS & QAR Y HES NS, TR TF R AR P AETT R [RIE V&V TAER, & ikHE B &
FAPCE R SIEE A BT R RGSEWE S, HAFRTAEAME R Bk LA
MBS HAAELER, CHMASEMELEREER, [Hin A —RuExt R HE S @SR TR
I . #7 BE 22 78 70 B R VRS A% IR PPy N A B 4 IR0 88 2B 7, IR 7 i AR . 4
PR BRI ALV B R AT & BB IE, AU AT e BB iE 7 @ g . A IRUE R, EF B TR EF
FERAEANFRE P R TR B — Bt S er g i, AR E S 258 7 R SR ur f AL R gl .
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R ANBAGT RS S 5 R AR E bR B EA VP RER - EFR bR (International Standard Problem, ISP)
T H B TR E RN R T A RIS G 22, SR 2 I B HE 22 45 oy T R P T R A 1T 55 5 0] EL G E,
SERE T R N S e BN g e 2 — o TEAFFRFIRIET KT, Jozef Stefan A 5T Fr(JSI)ZE T3t
X RELAP 1 TRACE F2/7 ] SNAP (Symbolic Nuclear Analysis Package)*F-5[9], 7% T RELAP5 % TRACE
FR % AR B A 4 (R52TRACE) [10], A RELAPS M AT [ 5564 )y TRACE My AR, 3R56 )5
FEFET ISP-25 f) ACHILLES 4 Z48[111F13 T ISP-27 ) BETHSY 28] 1214 NSRS i A i B FH 36AE . 3T
ek, ZBESARIE D N TR AR OKHE R G, A AT TSR T BOAIE Y A B K HE RELAPS i
NI BG4 @ ST TRACE BB, I T 8- @ Toair[13]. MR ER M, BT OaRiuEm
RELAPS i N E5 4042 il TRACE $i NASEAY , 45 Bh T~ CRIF I SR IS AL J L AT Kl 4 1) — %1%, 9 RELAPS
L5 TRACE F&/7 1T 5 45 B B Bz LU G 2414

SR, WD 5 i N BT 3 DL BB 2 KRG MIRIE T ZR, FIFR RAMMIN TR
BEIERBIE. CHEBAXN ZRAGRM A5 S AR B IED IRAAE XISUE AR S 45 754
AR [, AFFR X R 28R T AR & 4 slfh Go R K HER A, B 0f 45 0 52 2% HL 1 )18 4R 5
% 1) S kA B8 2 He K HE T i NS EY 3 6 5 5 P A0 B P I FE AT AT PR . B Tk, AR SC AR R B
Re s K HENRF AN %, HHE SNAP “F & R52TRACE ##u4fi {1 JF ¢ RELAP5 & TRACE 2 /5 i) 4 \ K
RUECHe . REAZASIE S B T LU 9, WEE R 4 R GU B G 4o B vp 1) 2 AL B A X FME IE TR
P2, 3 A BRI B o R P 60 P 1003 P P R LB A A P L R R[] — Sk RN AT XBRAIE 1)
ER o ASCTAERT B FUMR TR RS W T RN e B Wt 27 028 IR UE R 3 R 5
RS 2%,

2. AR REHERTE
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Figure 1. Nodalization diagram of the large passive PWR model in China
1. REXRBIERERNE KRBT SE

DOI: 10.12677/nst.2026.143016 182 BREE SR


https://doi.org/10.12677/nst.2026.143016

EXH %

P E KA AR RE S S /K HE S AE 51 HE AL U AP1000 2% F A A A FERE B R RIE A A B = + 2%
WAL, BRI “dERESh %S RGN BT EIR[14]. MET AP1000, ZHERMHES BT
DNZAE R L) 4000 MW, i T EE R { SO RN %2 R R T . RIMEASEHIT RGRH RS
B, BMERIBE TN E RMEAHFIE., —6&RKAES. — KGR, MARAER. I, —6H1
JE AR 3 B 5 A — AME RSB I RAE B IE . AERESIHECYA 20 R G AR RES) %2 AV E N\ R i (Passive
Safety Injection System, PSIS). JEAEANA A & 4i(Passive Residual Heat-Removal System, PRHR) LA X [ )
1 = & 4¢(Automatic Depressurization System, ADS)ZH % . H: 1, PSIS fL35 P & HE £ #h /K4 (Core Makeup Tank,
CMT). ™ &5 LEFM (Accumulator, ACC) UL K — & %427 N B Kl K #Hi (In-containment Refueling Water Storage
Tank, IRWST), 7ESH TR 20 Fr B SR AR S K S KEN[15].

A YK A RELAPS R/ B HEE RN, Ry ] 3 278 o — [0 2% S L HEVA 155 R A ERE )

EOWEHI RS, g 525 R4 @ 0 S AT T AT S Rk A . AL = SRR T A JF SR
WFBORI14]-[17], FEXF FZEMAT R4 BSOS R MR R T S — 83, TRk E R HERe 3 K
HE RELAPS SEuEf NASAY, BEASHS s Gnl&] 1 fizn. TRACE i AARALLLIZ RELAPS JEAERIAL Ry Ent, I
P HEORE 7 (B A NS S iR e S, S A R G AN 32 24T s 23 SR ) 5 RELAPS B fR4F—.

2.2. RELAP5 & TRACE FEFRMNERE R ERKE

2.2.1. MINERBESRZIER

TRACE [18]55 RELAPS [19][FJ@ I T/K I KRG HTFER, ERGR 0 B, BRI RS\ g5 %
J7 T BA — @ A, 3X R (A1 AR AL L 4 4 (i 1 5t . SNAP 1 &5 /2 78 36 A% B ¥ 25 0122 (U.S. Nu-
clear Regulatory Commission, USNRC)SC#F N F R I —BE MMM T, BERL S ITET @R, 2
TSR AR . 1% Gl N AEE S RELAPS 5 TRACE &0 HfeRs, I IR AEaT Ml AR 7Y 4
WA SEREMSEL. [N, 5B RS2TRACE ¥ #4di [ 10] P H B SEIL RELAPS |6 TRACE )% AR
Hzhi4. Hs b, BT TRACE 5 RELAPS fEfI ANFRYE . 2104k RAAY St 77 S007 AFfE 22 ¢, JF
R i NS B A B 55 2% BE ARG i B, B e S N LT T REAFAE 2 R ). JE TG, AR
454 RS2TRACE 40 i i F IR FE MR RAZ 456, (BT RGO B A 7 2 e [R) i N\ 2R 2 o 5
BAESE, FEAE AP, Wk 2 fios.
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Figure 2. Framework for inter-code input model conversion and consistency checking
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ZHEZE DA IOAE Y] RELAPS JEHERIR LA, 42 Bt RELAPS Hi NS B4R 75 FIAH B F 5 45 A T
JE ST i . BEJS, Y RS2TRACE ¥ 4uidif Az sk TRACE YIUGH AR, #5480 Py 25 5 B A A5 Y
T K T2 B ) R G AR A B AR 2 055 T3 T, T FE 2H A il S A% A 5 S5 RS, 12 1 TRACE
g NASE RS P M . TRV BRI RE R SR B A S AT AR IR S, i TRACE S ABEAR 5 5
RELAPS #EAUR 5 HEATXFLE, 26 TRACE $ NS B s (4610 A%« AR5 RIS 4 B
I P RSN BT e — B R A%, TR OR A S NS Y ZE AR R S\ S AR R RIS AT . 7E LR A
F, 47 TRACE #2515, BRBUSAT it SO ASRAS R 38 5 w8 BRI ) 1] A IS, R S B [
&5 RELAPS JE#ETHESE R T 0, T A2 RkRIE R BB IRIG 5. e, KB IEiEpdt—F
Bt 563 TRACE fay NBEAL . |y T 1) fUE A7 S5 E B % A L — IR SE i, b AR EL RGN, HE
BRI AR e 4T, HOCHEIN RS 5 B N R AEAE 5 JE v T B 4 S R R R B A B B KR

222, IANRE—HMEZES AR EELE

IS SNAP V- 65 58 X B 3 RE S48 P2 PP RS2 61 g 400%, (AP A3 2111 TRACE i NS AL &
IR R T R ARSI SBRA0HT. X2 KA, RELAPS 5 TRACE EAR[FJEK TR RG 0 Hife
J¥, AR AEK IR S H0E L B RRR . RS A SR R E
DK EB o B R TSy A AE 2 5. W TR 4. BRI 2 B A& 2 AN IERE3) 2 A iR A 1) | i
HER G S, H3IE#)E 1) TRACE BAM T B KA MERI N TS . SRR 2 s RIEE, LA
T B0 J2 5 8 73 i 225K 1Y) H A% TRACE i AL

e, SEREFEHTFM, SRR A b & K IR ThREREAT 74T, B RELAPS /K )
YHAHE TRACE HE 6 B SEE T 30, EENI AR 7 E BRI SC R, DB T8 1o ST FWRTKA
PAERE P TCVE—— X BB A, BRIFIRAAE SIS SN e — B IIEN, WS 6ET
FF TR MU, DULRIE TRACE S NS BITEAAAEIhRE . X R KIS HL. YIRS 26551
5 RELAPS BRI ORI & 3 — 5.

Xt F K 7144, RELAPS S AR o DL Accumulator ZH A READL IR 220246, 40 75 Tl HOR B o s
H Accumulator I%E ] PIPE 204, Wil 3 fizs, N AFRAL LA N 7R 2035 S K Il 5t i fe
R, ASCKZ PIPE RI40A 5 MRS B0, iZACHE AT LARIIARAE ACC WIiR/K s &, MBSk /1L
K SR B A AE IFE R AL A &3 — 8. RELAPS H FIFBYEEACN 8 A~ ANNULUS, FF7ERE A4
BRI 2 1A Multiple Junction N7 [F)ZEIE, DABLLL T FEB N B3 )% 18 SR8 AR & 2008 . AN SCTE
TRACE i A8 SR F PIPE ZH A0 & 34 [l kAT 55 R B, @3 4T SINGLE JUNCTION fR B
AHARPAR M 2 (B RS LB SR R o FARK 0 B S AR R ALE T S S5 0e L EAA Ry 2 5, R
BT S BB AE F B N R B, DLARIEZE A A5 MR Th e - TRACE F2 5w i T T2 4K
WA NSEOE IR S 80% 0, (R0 RER URAERTE, UHEAECSH SR ERE.

Table 1. Mapping relationship of main hydraulic components between RELAPS and TRACE
# 1. RELAP5 5 TRACE EZ/KIEHMET X R

RELAPS5 7K 14144 FERE TRACE 5 B 7K Sy 244
PIPE AL T PIPE
ANNULUS (e eI IABE PIPE
BRANCH LY PIPE
Multiple Junction RO ] AT SINGLE JUNCTION
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PUMP [TEE PUMP
SINGLE JUNCTION (T EPRERCS UL SINGLE JUNCTION
SEPARATOR FEATRIK 3 0 2% SEPARATOR
VALVE LR ] VALVE
Accumulator R V7R ] PIPE (Accumulator #7)
TMDPVOL R S 7t BREAK
TMDPJUN AP Bl FILL
RELAPS: TRACE: UIPIPEATH, FKPipe Model
% Accumul ator 22 12 OptioniZ B N A ccumul ator B2 A% TR

Figure 3. Schematic of accumulator model conversion from RELAPS to TRACE
3. RELAPS £ TRACE ZEHRE IR EE

Xt T3l R4, TRACE F ) BREAK 24 35 5 F T ik /13 S 461, fEAE5ae kd
oy M e B AT T SRR % 4 78 R AR IE IO B o FILL 4R 5 AR AR A% (0321 A A Jta o v4 20 51) 58 5
BUR R EU R, TN S AR NS RS SRS TR, EihR&Eshae Lol
RELAPS 1] TMDPJUN ZHAFXf R 4 o e i 5 B2 25 G A A R B IR T e S 40E T Bhii%e, DURIER
A NS AEAH 5] 1) 3 2% B HF RS S X EL A BT

TRACE #2775 N 24 B A X ks B o6 7 T 1 58 IR0 38 T AR ROK ) AR 55 LA S 40, 5 e id 75 v
BRANCH 545k 2H 14 (140 6 S AT Be B R B4 R, T 454 RELAPS it SCHREAT 28 U B A F-3 4
Foo KTRETH AR RH 7 UL 2 R IB AR AR AL . R T SR RN PRk, T Ik R AR R HOR
QI T, 15 AR LA B IN = 3R BEL ) B B (KFAC)BEAT R AE o 873 7K 35 A B T REL R P A SN AT <
PRIE TR 4 R T R JCIE IEMA IR B, T F3l#h 8 & TRACE # ABLAY , 14k, BT RELAPS fil TRACE
FEACFEZ N VB Y TR AP AE 22 57, AR TEARYE RELAPS % A€ TRACE #ii N BLAL A il ] i
g AU RN 2 M B0 R T RE I BIAR R, 18 T B4 SRS BRIl — PR IE

B RG R H G RAAZ I ) — T S . ST AR R, AEREShHE A H) R 4 3 B
F SR UK Bh 77 J P & 8 SRR AT SR AR TR, CMT. ACC. IRWST LK ADS REGi% 2 i Eiifim
B E R T A TN A R R . R, PR A S e R A 5B R, R ORI AR T
EH A& AT ER EE AT, T RELAPS 5 TRACE 7R H A &H . @iHE kM- RS Em T
TIHAFEZE S, BBl E M h] R 450 mT /e H DLE R 6 R BB & E A —8U55 108, 745G RELAPS 4%
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il A B AR RIUAL BT H AN RZ IE. a0, TRACE THE R IJGE B ESRASMAAR 0 5, 75 51 N B 4z
PoRiT A s, RAMFREEEHEHEK, 55T mg H BRI .

X TR, TRACE i N AL o 55 T2 A £ 5 3738 1) POWER 44484, @i POWER
AR 54210 7 O 2R, DARAEMES TR AT A S N IR #Aa, KA e E R RS
RELAPS Sfh—8, #4 )5 FEFREUTSE. MBI ARG R R BB, DAk Bk R 4%
e AP AE R . T ARALET, FAAERGES SR EHTF A R R T A Fln:
RELAPS R H Hlls S A< 1 2y Henry-Fauske (H-F)#:7%4[20], ] TRACE £ >K%H A Ransom-Trapp (R-T)
B AR P9 e OE B [21], FRARYE & B I SR B R E0E SOIAT BB s ARADLHE RS 0 Ak () FA ) 1
)5 75 T2 IT A B RAR AL /KF 23 2 A A SGTH SRR T T8 S8 U T B A B, (AR 7
FEAH B ) B 57 X B E R

Z% I, RELAPS % TRACE WA E He e b8 B8 m d LA, (R AR a7 SR A S N\ SO A e 4, 1D RR1E
o PR RE T R NAR R 22 S AR B, TR Tixf . SRR 5k RIE IE5E R A e TR,
WU IS G e 4 R AR AR I I R A B 1R D7 50, BT 28 RELAPS H A8 TRACE S AR
N 220 E S5ERIEIEE, TERIRERIAERES) R K HER) TRACE 27 M AR, i A7
ERGAME . FEN AR IR T AR LS HIE 48 7T 5 RELAPS SEER(REF G B — 5, W]
H TR SR 5E . SRS 2 A DLACRE PP 1A) 0 LU 9T

3. FREINIE S FFE XL 54
3.1, BE TR SRASERMEL

KBS 5 TRACE i NSRS 7 ML 70 SR s 0 A R R G F A, RSO HGA B 2 e~/ Ml I 2k
7K #(Small-Break Loss-of-Coolant Accident, SBLOCA)E NIGAE T 1. AHEE T KM 11 e /K FH TS Pud &
JEHEW, T HOE RSN A K, B BOVERHIERONTEMT . 45 A A RORIREHE, AR s HES A A
RGN NEAT R e RBRE AR BRI ZUHF X LU 2 AT, PT84 J5 TRACE Hi NBLRY ) & 2= A
FRMBEE ). BARRMIA SN 3 SR EBIEH 2 501 /M R KEHH, BB — &, BIER
JEZRM 4 A~ ADS-4 181 1A 1 ANRECRIFE . 8 DA E J ADS-4 IR RBUR = 4 fios.

ADSHE1-3% ( \
() an
ZEFTHNEBRIKA
ﬁ;ﬁi R ﬁﬂiﬁigﬁ
N ]
5 EhE L
ﬁg?&i DVI2EL | DVIIEL
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e m P
e | (R
bl | RBCEEL o4
il Ty e
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Figure 4. Schematic of the break location and ADS-4 valve failure in the SBLOCA scenario
4.SBLOCA TR# O E K ADS-4 @I IR ~EE
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TEFF RS ATHT, FHFEX AT RSET R S %, UMRARSGA T &I T, HFNE
B AT AR P S VIA %A . ARSI R, HAUGEHES TR, RSy, W EGRRE 51638
SR ZHL, JFX TRACE fi NS b KA SGi BLE AT b BB 1. & 2 W4 T RELAPS 5 TRACE )
RASUTESR. MR, WEFPRSITESRYSRIHMESARYIEHLE, W% NS4S BUMEN K
TGRS T T R AL & BRI 46 25 1

=%

Table 2. Comparison of steady-state calculated values and design values [14] [15]

z 2. EFRSHEESRIHERE[14] [15]

&S angl| RELAPS 0 TRACE #$Ul

HESIAINRMW) 4040 4040 4040

TR AR J1(MPa) 15.5 15.5 15.5
JE 1A AN DREEK) 557.45 557.68 557.42
JE 14 H R EE(K) 596.85 597.05 596.87
A HFFIR FE(K) 577.15 577.36 577.15
FEREMECRR) (m/h) 21642 21643 21650
FIR R A28 7875 5 J1(MPa) 6.01 6.010 6.013
B ARIRRAERFRTE(ke/s) 1123.4 1123.8 1124.1

3.2. REBR/IVE O RKEWBRST L 24

TERRAS IR b, 3 — Do e B B 2 /NI D JOK FHIBES T B, HT R SR % ¥ 5 TRACE
i N B0 32 B UL R AR Re B 2 A R G B AL RE ), IS Sl HE S A HI ML EE 56 (Advanced
Core-cooling Mechanism Experiment, ACME) £ Z2%} . Tt RS0 B b b A7 % b [22] . ARPEHHOIREF R4
IBATIRAS RO e R B AE, AR SOR /M I R /K SR A8 T R N AN B BB B B AR
BrBt. ADS-1~3 FEIEM B, ADS-4 B&JEFBLLL R IRWST 3 EANBT B . NSl S8 2805356 BE 1
YRGS AR 6 225 TR R 2 18] AR AL LG A7 56 R R B s EAT LUl oK, A — sk .

PRFE P [ EZE AR P T 32 3. RZEUHAE, ACME W58 & BEMWIIRIZ AT R J129°8 9.2 MPa,
HABTEHERE, G258 %248 REERBYGRN O T IEITRA, FUbH S FHAR ZI7ER F L

“—7 For. NEHATLAE H, RELAPS FlHE4 5 1Y) TRACE % N7 15 RE % 5 fg- St T 00 =0 e 3 B o it

T DL AR RE ) HE O V2 H R GE R Ik A5 e 7, 158 B 46 J= 1) TRACE i NS AUAE 2 T 0L T R B & A v .
[, RELAPS 5 TRACE f2/3 H & A4k R KA EAEBUAEAE 22 57, 330 TRACE 27 %A 56 22 4516
PESIVERTZI B TR T RELAPS 5545 5B KRS Bl 745 — € w2

Table 3. Main event sequence of the 2-inch SBLOCA scenario [16] [17] [22]
% 3.2 <) SBLOCA TREZHHRIF[16] [17] [22]

HoF BRI [F(s) RELAPS5 IR [F(s) TRACE B [Fl(s)
i AmpIY — 0 0
SR M B A — 56.5 58.5
“S” fBESRK — 61 63
F IR — 68 70
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PRHR JF /5 — 76 78

CMT &R 2 E — 76 78
ADS-1 @1 )5 1182 1340 1452
ACC W EZ T 1359 1396 1479
ADS-2 B/ 1FF )3 1291 1388 1508
ADS-3 [/ 15 1412 1516 1628
ACC 2 2058 1966 2092
ADS-4a [ 19 2469 2500 2476
ADS-4b &7 )5 2529 2560 2532
IRWST & & 223 E T 8 2716 2708 2628

Bl 5~7 g5 T PIAR T R B H S UG IR B IR EE S SR . Wl S(a)FTs, TEBUR B B ARTEERIY
B, WIRERE — (Rl R e /AR A i 26 W) S 3, SR T IS N AR G DR e R AR DA R SR
IEP AR ARG FEHEN L AREIB BL R R AR IR #EN ADS-1~3 [&JKPTBUS, TRACE f2F¢
HADS-1 TR I 2R R, SRR SR R B IR a7, IRt — P iE B 5 RELAPS iF
FAER A B 2 B Rz . A SR, BEAAPTRE PR A B SR AN R, s
WIS, REZESEEEE ADS-1 IR TIFE R ZIANF L b 5 1R 1 R GORES R AT %

T T T 300
| ——RELAPS B\ s |

: ‘ ol ——— RELAPS Fitl i
16 F i i TRACE B0 ’
| D om R 2ol TRACE Ml
14 Rt !
; |
2 -; g}zoot;
< \ )
s i Z
=10 —‘" ! h "
i o | (o] 1
= 8 AV o ‘ I \ i
6 3 100
1 ol
4+ i
50
sk
0 . . L e e e cramersar e 0 , . ot bl in,
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
fFE] (s ] Cs)
(a) —FHIERGES (b) MR ERE

Figure 5. Comparison of primary system pressure and break mass flow rate

E 5. —ERAGENSHORERELL

a0l 6(a)ffrr, S CMT DAEEM RIS AT, PIREFXT CMT FHEA 2Rl RIS SR 5 i
RAEYERL . CMT HEEMRAFH KRG B TRACE FEFPIK) CMT ZERERAE R . X
FE W T HFETIE CMT B #% )k /) i 2% (Pressure Balance Line, PBL) T JE 38 /bR F 1I/KF- 43 J2 Jeaii AH G
THERER Sy K EAFAEA R, M0 CMT 12T AR B PBL SCE B & 3 LA CMT HIATE
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Figure 6. Comparison of CMT and ACC injection mass flow rates
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Figure 7. Comparison of IRWST injection mass flow rate and core collapsed liquid level
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