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Frequency Response Experiments for a Fluid and Structure Interaction System

Due to Thermal Striping in Sodium
Morio Yamagata*, Kazumasa Ozawa* , Hiromi Tokoi* and Hiroshi Morita**

Abstract
Thermal striping phenomena induced by the alternate flows of cold and hot sodium impinging
against a horizontal test piece surface were investigated. The temperatures of sodium and structure
material were measured simultaneously using thermocouples located various positions. From the
present experiments, the following results have been obtained.
(1) The alternate flows of cold and hot sodium with the freqﬁency from 0.01Hz to 0.2Hz
and the temperature difference of 240°C were composed using the opening and
closing operations of a cold and a hot sodium valve alternately.
(2) The change and fluctuation of temperature amplitude in sodium decreases with
decreasing of frequency component.
(3) Amplitude component of temperature vibration decreased extremely in the
structure material inside of the test piece than sodium.
(4) Amplitude component of temperature vibration in the structure material increases
in inverse proportion to decreasing of frequency component.
(5) Amplitude component change of temperature vibration in the structure material decreases with
decreasing of frequency component.
(6) Fine fluctuations of temperature vibration in the structure material increases with increasing of
frequency component, but it was limited near the surface of material.
(7) Fine fluctuations of temperature vibration in the structure material decreases with
decreasing of frecjuency component, but it was penetrated into the deep inner part

of the material.
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Fig.2-4 Schematic diagram of sodium test loop
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Fig.2-6 Appearance of test section
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Fig.2-7 Frequency controller and temperature regulators
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Table 2-1 Experimental condition

gL (Hz)

0.2 0.1 0.04 0.02 0.M
HERGREEE AT (C) 155 155t 155+ e 155ta | 155ta
J ZIHORE AT (C) 240
NasiE (I /min) 1.2
HERER &R NOEERE (nm) 5.5
Table 2-2 Time interval of valve operating hot and cold sodium
select valves
Ao (Hr) | SHEREIEG) | JXMHO() | EEEEG)  |HRROREE®)
0.2 (59) 2.5 2.7 0.2 2.3
0.1 (10s) 5.0 5.2 +0.2 4.8
0.04 (25s) 12.5 1.2.7 10.2 12.3
0.02 (50s) 25.0 25.25 - +0.25 24,75
0.01(100s) 50.0 50.0 0 0

Table 2-3 Sodium temperature difference due to vibration
of sodium temperature

JAMVHIGERE AT (C)
A o) (Hz) B =
1 1/minkF 1.2 {/mink& 1.3 1/minks
0.2 ( 5s) 206.7 241.25 229.25 (YA
(273.25/480.0)] (260.0/501.25) | (263.5/492.75) | {&:Bnin./EiBmax.
0.7 (10s) 752.0 — 272.0 '
(252.5/504.5) |(250.5/522.5) -
0.04 (25s) 283.25 791. 25
(240.75/524.0) { (242.0/533. 25) —
0.02 (50s) 796. 25 ?98. 75
(232, 25/528.5) | (238.25/534.0) —
0.07(700s) 310.75 305. 5
(222.75/533.5) | (232.5/538.0) —
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Table 2-4 Temperature correction of thermocouples

- T334 OBIE(E y — SRR OHIIEME
ch-No. T/C-No it
2Ry |[oor@@ | ZNR> |27 F(O)
_ AR TR ~
1 | 0.9994 1.8929 | a | JARBERN o | 0.9991 0. 8300
~ AERREA _
2 | 0.9999 1.0368 | b | JUCEERS | 0.9974 0.5255
3 | 0.9996 | -2.0401 c HEEE 0.9963 | -G.0563
_ HE”ES ~
a | 1.0002 L3173 | d | GO0 sy | 0-9980 0.2347
5 | 0.9998 | -1.9346 e HHAE 0.9992 | -0.7806

(FEL YRZ1. 3mm)

- HERE _
6 | 1.000 LN | f | GRS, ey | 0-9984 | -0.4764

7| 1o00s | -2n0 | g | GHRUR. | 10000 | -1.2169

8 | 10010 | -1.3644 | n | GHpRE. | 0021 | -1.42%

- : HENES -
o | 0.9995 | -1.6028 | i | moipag sam | 1-0031 | -1.9518
10 | 0.9998 | -1.0438 | j HENE 1.0046 | -2.3689

11 | 1.0010 -2.0822 | 1/C1 BEM/ AN 0. 9982 0. 5082

12 | 1.0000 -1.5031 | T/¢7 JxXnsn* 1.0000 0. 0000

14 | 1.0009 -1.9046 | T/C4 T2/ XA 1.0141 -3.2347
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Fig.3-2 Temperature vibration in the material and sodium due to alternate flowing of
hot and cold sodium for 0.1Hz
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Fig.3-4 Temperature vibration in the material and sodium due to alternate flowing of
hot and cold sodium for 0.02Hz
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Fig.3-6 Temperature vibration in the material and sodium due to alternate flowing of
hot and cold sodium for 0.2Hz
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Fig.3-8 Temperature vibration in the material and sodium due to alternate flowing of
hot and cold sodium for 0.04Hz
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Fig.3-9 Temperature vibration in the material and sodium due to alternate flowing of
hot and cold sodium for 0.02Hz

100

910-66 0¥¥6fL ONI



600

350

500

450

250

200

150

100

ch1(a)ZE A HEE1.5mm ch2(b)B A5 5 X0.5mm ch3(e) MM ch4({d)yZRE LU ZEX0.5mm
chB(AFE & U ES2.3mm ch¥(@FZBE LY E=3.3mm ch8(h)F B &L EE5.3mm che()FE &Y &8.3mm
ch10()H B EE ohi1/Hot Na ch12/Nozzle ch14/Cold Na

X JNNLJS B N BN BNt B |

LI UL 1 TN A S B B =

Trrtrrrrzy

Al Ll

I S TS T Y |

lll]llI|llrlllltrllll’l1!i(lIlll!lllnl|Jlltl|lllll]lllllllIIllllllll]]Illlllllll}]l!!lll

0

20 40 60 80 100 120 140 160 180 200
BERA (s)

Fig.3-10 Temperature vibration in the material and sodium due to alternate flowing of
hot and cold sodium for 0.01Hz

O10-66 0V¥6[L ONI



mEE (°C)

500 |

350
300

250 -

200

240(°C)

JARIHONaEE AT —#—0.01Hz

—&—0.02Hz
——0.04Hz

~—0.1 Hz
——0.2 Hz

T Y N O S O T 0 OO TOOY N T N N S 1 | Y N O S S N T N T OO I N I ) T OO T T T T S | | 0 T T T T T T T T T T S T N 1 L1l

REMSDEEE (mm)

Fig.3-11 Max. and min. temperature distributions in material at different cycle rates

910-66 0¥¥6rL ONI



250

200

|
~—i—chl{2)BE NS E21.5mm
—o— chd{d)3 if £ W BX0.5mm
—@—ch8(h)B i LY {B&5.9mm

—@— ch2(b)RE M H = E0.5mm
—dr— chBERE K W R E2.3mm
—o— chO()F& i k¥ E&8.3mm

|
—f— ch3{e) M $iER T
—o—ch7(g)T B LU ZEE3.3mm
—a&— ch10()$ 4 B 5

\
==

50

\
\T\

JRIHONSEE AT
240(°C)

\@

[

H ) . . )

0,05

0.1

015
849 H)

Fig.3-12 Effect of the frequency of sodium temperature vibration on the amplitude of
temperature vibration in material

02

0.25

910-66 0¥P6rL ONI



Table 3-1 Results of measuring of temperature vibration in sodium
and material at different frequency

Bi:°C

EA 9L ch-No{TG-No) | chi(a) ch2(b) chi(c) chd(d) ché(f) chi(g) ch8(h) ch9(l) chi0) | ch11(TCH) | ch12(TC7 | chi4(TCA)
H2) | BiEEBmm) | Bx15 | ZHsos FEO | Pxos | BEEaa | ZEaa 253 | Zxes | mE 0 HotNa | JZRn#O |  ColdNa
FIRBECEN)] 424.82 425.39 421,70 | 386.68 376.39 363.58 352.01 1 348.11 348.91 497,75 471.87 | 203.67

0.2 |[FEREECES)] 260.61 262.94 266.94 | 298.26 306.29 31729 33230 | 342.62 345.39 493.39 23150 | 201.19
= (AT | 1642 162.45 154.76 88.42 7010 4629 19.71 549 3.52 436 240.37 249
LEREBECER) 43448 435.66 433.12 | 405.04 39471 380,88 364.34 3563.35 351.34 49451 473.65 207.43

0.1 [ FREEER)] 252.20 253.99 | 257.85 | 285.16 | 293.21 | 30441 | 321.96 | 33650 | 34054 | 48768 | 231.80 | 20248
= (AT 182.28 181.67 175.27 | 119.88 | 101.50 76.47 42 38 16.85 10.80 6.83 241.85 4.95
FIREBECEEY)| 446.51 447.78 44637 | 427.23 41822 407.73 390.78 37125 364.68 482.47 47215 222.50

004 | TREECGER) 24741 248.82 25168 | 271.76 278.03 286.63 303.10 323.07 330.81 469.30 232.20 214.18
= (AT 199.10 198.95 194.69 | 15547 141.19 121.09 87.68 4817 33.66 13.16 239.95 8.32
LEBRBEGEEY)| 451.28 45269 451,42 | 434.76 427.56 1717 401.03 378.54 369.85 478.49 471.65 243.13

0.02 {FRREBEE(ER)| 246.88 24755 250,68 | 269.44 276.06 283.48 298.11 319.36 330.05 448.69 231.35 218.31
= (AT_) 204.40 205,13 200.74 | 165.33 151.50 133.69 102.92 59.18 39.80 29.80 240.30 2482
LEREBE(ER) 453.70 455.60 | 454.43 | 43851 | 431.60 | 42135 | 40495 | 38203 | 37296 | 47580 | 470.80 | 274.70

0.01 |FREE(CEH) 24574 246.56 | 249.56 | 268.64 | 27544 | 28275 | 298.09 | 32037 | 33136 | 40515 | 23112 | 29237
Z (AT 20797 209.05 204.87 | 169.87 156.16 138.60 106.86 G1.66 41.60 70.64 239.68 5232

SSHHRE CEICREAD)  RBE HHERIUVEESFHEH)
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flowing of hot and cold sodium (0.2Hz , the first stage)
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Appendix A-2 Temperature vibration in the material and sodium due to alternate
flowing of hot and cold sodium (0.2Hz , the last stage)
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Appendix A-3 Temperature vibration in the material and sodium due to alternate
flowing of hot and cold sodium (0.1Hz , the first stage)
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Appendix A-4 Temperature vibration in the material and sodium due to alternate
flowing of hot and cold sodium (0.1Hz , the last stage)
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Appendix A-5 Temperature vibration in the material and sodium due to alternate
flowing of hot and cold sodium (0.04Hz , the first stage)
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Appendix A-6 Temperature vibration in the material and sodium due to alternate
flowing of hot and cold sodium (0.04Hz , the last stage)
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Appendix A-7 Temperature vibration in the material and sodium due to alternate
flowing of hot and cold sodium (0.02Hz , the first stage)
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Appendix A-8 Temperature vibration in the material and sodium due to alternate
flowing of hot and cold sodium (0.02Hz , the last stage)
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Appendix A-9 Temperature vibration in the material and sodium due to alternate
flowing of hot and cold sodium (0.01Hz , the first stage)
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Appendix A-10 Temperature vibration in the material and sodium due to alternate
flowing of hot and cold sodium (0.01Hz , the last stage)
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Appendix B-1 Sodium temperature under the experimental stage(1)
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Appendix B-2 Sodium temperature under the experimental stage(2)
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Appendix B-3 Sodium temperature under the experimental stage(3)
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Appendix B-4 Sodium temperature under the experimental stage(4)
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Appendix C-1 Sodium flowing under the experimental stage(1)
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Appendix C-2 Sodium flowing under the experimental stage(2)
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Appendix D-1 Detailed structure of test piece with thermocouples attachment
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