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Abstract  [Background] The passive residual heat removal (PRHR) system is an important innovative design of
the advanced pressurized water reactor technology. Under accident conditions, PRHR system can transport decay
heat in the form of natural circulation to ensure core cooling. However, the heat exchange function of PRHR system
will be lost when the PRHR pipeline breaks. With development of the accident process, the coupling effect between

different safety equipments of the passive core cooling system (PXS) will be affected. Besides, thermal hydraulic
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state of the reactor coolant system (RCS) will also be affected via complex interaction mechanism. As a result, the
new thermal hydraulic phenomena occur, and thus ultimately affecting the accident mitigation capacity of the PXS.
[Purpose] This study aims to confirm the safety characteristics of PXS and identify the new thermal hydraulic
phenomena of advanced passive nuclear power plant during accident with multiple failures. [Methods] A series of
integral effect tests of loss of coolant accident (LOCA) were conducted on the advanced core-cooling mechanism
experiment (ACME) facility. The influence of failure of PRHR HX flow and heat exchanging function on LOCA
accident process were investigated on the basis of the test cases including PRHR pipeline break and cold leg (CL)
break. The unique thermal hydraulic phenomena occurred during PRHR LOCA were explored, and their influence
laws on the coupling effect among PXS safety equipments, and the influence laws on thermal hydraulic state of RCS
were obtained. [Results] The results show that there is a momentary reverse flow and heat transfer process in PRHR
HX at the beginning of PRHR LOCA compared with typical CL LOCA. Besides, the natural circulation process
between the core and steam generators (SGs) plays a critical role in cooling and depressurization of RCS, and its
corresponding time-averaged heat transfer power is increased by about 30%. Besides, the asymmetric arrangement of
PXS leads to a significant difference of transient thermal hydraulic state between the RCS branches, namely the
PRHR cools the coolant via one RCS loop while two core makeup tanks (CMTs) inject the cold water to the core via
the other RCS loop, and the pipeline resistance distribution shows a significant impact on the injection performance
of safety equipment with low driven head such as CMTs. [Conclusions] The unique and important thermal hydraulic
phenomena in the early stage of the accident, namely reverse flow and heat transfer process in PRHR HX and natural

circulation process between core and SGs, are identified. The asymmetric arrangement effect will be more noticeable

when the break occurs in PRHR pipeline.
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Table 1 Initial and boundary condition for LOCA tests at ACME facility
ZH H{H Value
Parameter A Bk 1 PRHR #4288 [
Break in CL (LOCA-01)  Break in PRHR pipeline (LOCA-02)
AR TR Decay heat power / MW 3.34 3.12
&)k %% & /7 Pressurizer pressure / MPa 9.08 9.07
RCS ¥ #~F- 343 % RCS average temperature / °C 291.5 291.2
AIRRAER M D E S 6.99 6.98
Pressure of the secondary side of steam generator (SG) / MPa
SG KA #KAL Feed water level of SG / m 3.62 3.64
CVERTEAL Level of Accumulator (ACC) / m 1358 1382
HE KM /K A 7K I Temperature of core makeup tank (CMT) /°C  30.0 33.7
LA P B R KA 7K i Temperature of IRWST / °C 56.4 54.2
IRWST /7 Level of IRWST / m 3.55 3.55
SR 111 B 4% Equivalent break diameter / cm 5 5
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Fig.1 Schematic of break location in ACME facility
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Table 2 The abbreviations of systems and equipments in ACME facility

45 HOSC AR 445 HOCARFR
Abbreviation Full Chinese name Abbreviation  Full Chinese name
RX SN HE )5 A PRHR HX EResh R H A e S
Reactor pressure vessel Passive residual heat removal heat exchanger
CL A B Cold leg PRHR AEfREsh A HHEH Passive residual heat removal
HL B Hot leg LOCA 7K ZE i Loss of coolant accident
SG FRIR R RS Steam generator SBLOCA /N 11 5 7K 5 Small break loss of coolant accident
CMT HELS KA Core makeup tank SBO 4] W7 HL ZE 4 Station blackout accident
ACC ZVEM Accumulator PZR FaE#% Pressurizer
PBL J& JI~PATE 4% Pressure balance line PXS AEREBHHE LA E RS Passive core cooling system
DVI B B2 4 Direct Vessel Injection  |RCS SN HE VA HI 7] RSt Reactor coolant system
ADS H 3k &R 5t IRWST 2 AT N B HOROK AR
Automatic depressurization system In containment refueling water storage tank
Bof R AR Rl 1S, CMIT R K A T [ I R 2 AR08, 2t 12 :
T 56 7% ADS ACC il IRWST % % 4 2 4 ({14 \ A 10} N Nl
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#3 ACME LOCA R EERF
Table 3 Chronology of major events obtained in ACME LOCA test

S8 2% 31E Action of facility equipment i 8] Time / s

LOCA-01 LOCA-02
RITFUR (S 155, I IE L Test begins (S signal), Reactor pumps coastdown 0 0
% 1 1® 47 Break valve opens 5 4
SG1.8G2 777K Relief valves of SG1 & SG2 closed 2 5
CMT-1.CMT-2 % ®FF 3 Safety injection valves of CMT-1 & CMT-2 open 1 5
PRHR & B % JT )5 Isolation valve of PRHR pipeline opens 3 10
ADS1A.ADS1B /)i ADS1A and ADS1B open 586 624
ADS2A .ADS2B JF )i ADS2A and ADS2B open 650 686
ACC1.ACC2 “ZVE T J5 Safety injection valves of ACC-1 & ACC-2 open 692 750
ADS3A.ADS3B /)i ADS3A and ADS3B open 717/719 755/755
IRWST1.IRWST?2 2 [ FF J&i Safety injection valves of IRWST1 & IRWST2 open 1375 1399
ADS4-1A 31, ADS4-2A JF J& ADS4-1A starts failed while ADS4-2A opens 1374 1399
ADS4-1B.ADS4-2B H J5 ADS4-1B and ADS4-2B open 1 409 1434
IRWST % FFUf Safety injection of IRWST begins 1503/1506  1531/1543
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