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Experimental Research on Natural Circulation Complex Oscillations
Under Rolling Motion Conditions

TAN Si-chao'?, GAO Pu-zhen?, SU Guang-hui'
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Xi’an 710049, China; 2. College of Nuclear Science and Technology s
Harbin Engineering University , Harbin 150001, China)

Abstract: Natural circulation flow instability under rolling motion conditions was exper-
imentally studied. Experimental results show that the complex flow oscillations are
formed due to the overlapped effect of the rolling motion (trough instability) and density
wave oscillation. The system becomes more instable because of the occurrence of com-
plex flow oscillations. Complex flow oscillations only occur in the case of high subcool-
ing and may be divided into two types, regular and irregular complex flow oscillations.
Under the same thermohydraulic conditions, the marginal stability boundary (MSB) of
regular complex oscillations is similar to that of density wave oscillation without rolling
motion. And the influences of rolling amplitude and rolling period on its MSB are slight.
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Fig. 1 Complex oscillations
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Fig. 2 Period of regular complex oscillations
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Fig. 3 Oscillations with small amplitude
under rolling motion and

high outlet volumetric quality condition
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Fig.5 Onset of density wave oscillation and
regular complex oscillation
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Fig. 6 Effects of rolling amplitude
on amplitude (a) and period (b) of fluctuation
a: Pl l—20", A—10% A 5, @—20", V—10°
b l—12.5s,A—10s, 4
WA @ —12.55, ¥V —10s, % —7.55s

7.5 s;

H P 6 T L AT DL g e A IR R 52 4 4R S BUE T
BN PR R TR 89 P A BUOR 8 A R E T
SRR SRR R BOR T A5 Bk B 52 4 45
SR N BN



H11HA R SRR IE S AR T A RTEI G Bk 3 i SE I R 5 1011
4 gﬁﬁ? SU Guanghui, ZHANG Jinling, GUO Yujun.

1) BE $2 3 O A 0 30 A Ui e IR 5
S M WA T AR AL B AN AR E Pk

2) BT RK Bl R 15 5 R A 34T 2 P A
U Bl AT E Ve B PR K s B . B AT
Jik Bl T Sk W R 2 L BRI A2 45 7R K B ATAS
RS2 & TP Bl o MR A B AR AL 3 A A 1
S B BN & RRK BB B, — 3 Z (8147 AE—
Ao DX RIS R0 A2 5 R K 3

3) LI AZ 5 Yk Bl i J A9 D B 4 A 3
S R e T Jk sl J S ) B /N A R

O (ERRBIB AT A RTEF N E &
Tk 3l (9 % A i B 5 AR R TOK 1 2808 B8R
8 A 2 52 0 7R Jok B ) s B A

5) B A TIRK S K A 1 B 32 B AR S BN
M/ o S LK Bl Y 5 55 52 T 2 ik Bl
548 553 (R R T

SE K

[1] ISHIDA T, YORITSUNE T. Effects of ship
motion on natural circulation of deep sea research
reactor DRX[J]. Nuclear Engineering and De-
sign, 2002, 215: 51-67.

(2] MER. BT ATSERH. (7 08 PR 2 10 3 4

REG BRI ] R ¥ 5 LR,
2002,22(3):199-203.
YANG Jue, JIA Baoshan, YU Jiyang. Analysis
of natural circulation ability in PWR coolant sys-
tem under ocean condition[ ] ]. Chinese Journal of
Nuclear Science and Engineering, 2002, 22 (3) .
199-203(in Chinese).

[3] B XUNRE , £ JRAE. P38 AR HE X 3 SR 08 2R
sz ). a8l Jy TRE.1999,20(3) :228-231.
GAO Puzhen, LIU Shunlong, WANG Zhao-
xiang. Effect of pitching and rolling upon natural
circulation[J]. Nuclear Power Engineering,
1999, 20(3): 228-231(in Chinese).

(4] JOGHE . TR & ¥ 8 B 1P A X AR 3
HER AR R G R R [T 1. 5 RE B 2 8
AR 1996,30(6) :487-491.

[6]

7]

[8]

[9]

Effects of ocean conditions upon the passive rei-
sidual heat removal system (PRHRS) of ship re-
actor [J]. Atomic Energy Science and Technolo-
gy, 1996, 30(6): 487-491(in Chinese).
HIROYUKI M, KEN-ICHI S. MICHIYUKI K.
Natural circulation characteristics of a marine re-
actor in rolling motion and heat transfer in the
core[J]. Nuclear Engineering and Design, 2002,
215: 69-85.

WA JE R SRR 5 RIS S B R
P BE I 2 Ik 3 i A& I L) J. #2380 A, 2005,
26(2):140-143.

TAN Sichao, PANG Fengge.

flow of the flow oscillation caused by rolling mo-

The overlapped

tion and the density wave oscillation of natural
circulation [ J ]. Nuclear Power Engineering,
2005, 26(2): 140-143(in Chinese).
WL, SRZLA L e KUK 25 3 is 3 T A A
RIS A L] Bgh ) TA, 2005,26(6)
554-558.

TAN Sichao, ZHANG Hongyan, PANG Feng-
ge, et al. Characteristic of single-phase natural
circulation under rolling[ J]. Nuclear Power En-
gineering, 2005, 26(6): 554-558(in Chinese).
WA, B O, IR IS S AT B RTE
B3 2l 1 92 30 A B BIF S [T ). 0 R I AR K
#4.2007,28(11):1 213-1 217.

TAN Sichao, GAO Puzhen, SU Guanghui. Ex-
perimental and theoretical study on natural circu-
lation flow under rolling motion condition[ ] ].
Journal of Harbin Engineering University, 2007,
28(11): 1 213-1 217(in Chinese).

R, MBS O, BB &M B AR
PR BE P SR 1 S 3 R R BT SR L) ). R T Rg
Fl#H AR .2008,42(8) :673-677.

TAN Sichao, GAO Puzhen, SU Guanghui. Ex-
perimental and theoretical study on characteristics
of natural circulation temperature fluctuation
under rolling motion condition [ J ]. Atomic

Energy Science and Technology, 2008, 42(8):
673-677(in Chinese).





