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Seismic Analysis of Helical Coil Type Heat Exchanger

Modeling and Eigenvalue Analysis

Hiroshi YATABE* and Isoharu NISHIGUCHI

Department of Power Reactor Projects, JAERI

(Received November 11, 1983)

The Intermediate Heat Exchanger (IHX) which forms the reactor coolant
pressure boundary is one of the most important components of the Multi-
purpose Experimental Very High Temperature Gas-cooled Reactor (VHTR). This
paper presents the result of the finite element modeling and the eigenvalue
analysis of the IHX from our investigation of the seismic analyses of it in
order to confirm its integrity in earthquakes.

For the modeling, the structure of the IHX is separated into a helical
tube bundle, inner and outer vessels and a centerpipe, and the eigenvalue
analysis was carried out for each structure with the detailed three-dimensional
finite element model. Then the simplified model of the whole structure of
the IHX was constructed with the result of eigenvalue analysis. The results
of the ana]ysis with the simplified model show that the helical tube bundle
and the centerpipe have the first natural frequency of 0.4 Hz in the same

phase.

Keywords : Seismic Analysis, Helical Coil, Heat Exchanger, Eigenvalue

Analysis, FEM, IHX, VHTR, Natural Frequency, Modal Shape,

Finite Element Model
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Table 2.1 Main specifications of IHX

‘ A loop B loop
type helical coil helical coil
heating area (md ! 1190 1495
heat tube 6318 x4t $ 254 x 41
;size (mm)
. number 270 474
number of layers
. i3 17
of coils
material Hastelloy XR Hastelloy XR
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CALCULATE MODE SHAPES aND FREQUENCIES OF
INNER STRUCTURE OF IHX USING 3-D FEM MODELS
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1
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Fig. 2.5 Flow chart of seismic analysis of the experimental
VHTR Intermediate Heat Exchanger (IHX)
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Table 3.1 Natural frequencies of the upper
’ connecting tube

Mode Circular Frequency Period
frequency
number {rad/sec) (Hz) (sec)
1 217.33 34.59 0.0289
2 279.26 44 .45 0.0225
3 608.02 96.77 0.0103
4 1533.8 244.1 0.0041

Table 3.2 Natural frequencies of the lower
connecting tube

Mode Circular Frequency Period
frequency
number (rad/sec) (Hz) {sec)
1 109.82 17.48 0.0572
2 316.86 50.43 0.0198
3 503.60 80.15 0.0124
4 713.52 113.6 (3.0088
5 1346.8 214.4 0.0047
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Table 3.3 Natural frequencies of the innermost helical

tube with support plates

Mode Circular Frequency Period
frequency
number (rad/sec) (Hz) {sec)
1 20.719 3.298 0.3025
2 22,194 3.532 0.2308
3 62.523 . 9.951 0.1005
Table 3.4 Natural frequencies of the midium helical

tube with support plates

Mode Circular Frequency ~ Period
frequency

number {rad/sec) (Hz) (sec)

1 20,073 3.195 0.3130

2 21.943 3.492 _ 0.2863

3 42 .880 6.825 0.1465

Table 3.5 Natural frequencies of the outermost
tube with support plates

helical

Mode Circular Frequency Period
' frequency

number {rad/sec) {(Hz) (sec)
1 14.793 2.354 0.4247
2 15.551 2.475 0.4040
3 49.109 7.816 0.1279
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Fig. 3.1 Analytical model of the upper and the lower
connecting tubes
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Table 4.] Node weight and X,Y-distances of the simplified model of
the inner structure of IHX

Node Node Node
number {-disrance vodigrance we lgh,t ; mass \ Material
(cm) (cm) (Kg) X10 (Kg-sec™/cm)
1 70. 0.369 0.376
z 122. 0.454 0.463
3 176.1 1,711 1.745
4 380. 0.629 0.641
5 455. 0.881 0.898
5 480,
7 560. 0.584 0.596
o 8 640. 1.487 1.516
af}
< g 680. > Hastelloy-XR
f_—,’ 0.0 Kaowool
S 10 ? ‘ 880. 1.239 1.263
[«})
&
o 11 1080. 1.239 1.263
o
3 12 1280. 1.239 1.263
!
% .
£ 13 1480. 1.239 1.263
vl
5
. 14 1680. 0.310 0.316
v _
e
f 15 1730. 0.186 0.190
a
e
§ 16 1760. 0.558 0.569
17 1850. 0.844 0.861
18 1940. 1.070 1.091
19 2070. 0.539 ©0.550
20 | 2157.
i/
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Table 4.1 Node weight and X,Y-distances of the simplified model of
the inner structure of IHX (continued)

\\ Node g Node E Node 1
\\ number ¥—discance i v.discance | wzﬂgnt 3 mass ) Material
\\ (em) | (cm) (Kg) %10 (Kg-sec”/cm)
|
21 30. 176.1 0.585 0.597
z | |
i 22 1 57.5 176.1 0.585 | 0.597
3 ] | :
z 23 | 70. 188.56 0.585 0.597 | >Hastelloy~XR
: } i
5 | o
" 24 70. 380. 0.627 0.639
QU a
o0
o2
s QA | -
: 25 70. 455, 5.336 5.441 )
™
26 | 480.
27 560. 6.099 6.219
28 680. 10.165 | 10.365
al 29 | 880. 10.165 10.365
;E E i > 70. ‘>’Hastelloy“XR
P51 30 1080. 10.165 10.365
oD ! ;
-% o f é
S5h 51 1280. 10.165 10.365 ’
o, H
o |
kel 32 1480. 10.165 10.365
Pt
'S
imci 33 1680. 0.310 0.316 |
<
N 34 70. 1730. 0.035 0.036
é " 2114Cr-lMo
=g 35 70. 1790. 0.035 0.036 steel
[O3R =]
* 36 70. 1830, 0.570 0.581 Hastelloy-XR
Lok 37 70. 1850. 0.573 0.584 ;21/4Cr—lMo steel
xx%| 38 | 70. 1940. 5.300 5.404 Hastelloy-XR
o i
E 39 124. 1850.
2.
& 124. 1940.
vl
i}
X .
N 41 | 200. 1000.

* ! ypper connecting tube
*% * gupport lug
k%% . lower tube sheet
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Table 4.2 Sectional properties of each element of the simplified
model of the inner structure of IHX
ﬂOd; length cross isig;tgof Young's
er .
aum & sectlonal2 inercia modulus
i (em) area (em) (cn®) (Kg/cm2),
1a2 52. 867.1 2.293 ¥10°
2 3 54.1 $24.3 1.57x 107
3 g 203.9 867.1 2.293x10°
45 75. 867.1 2.293% 107
5.6 75. 749.3 2.918x10°
67 80. N N
7 8 80.
Fil
a
L 8 4,9 40.
wm
2 9 4,10 200.
z
2 10,11 200.
>
L
3 11,12 200.
ot
e
§ 12413 200. - 631.5 #3.543x10° | 1.77x106
vl
g 13714 200.
Q
o 1S 50
= 14 ]
-
14] :
= 15716 30. :
[43]
@]
16™M7 90.
1748 90.
18 19 130.
19 "20 87. J U
. g 18738 70.
2 } . 7
E 100, 1.728%10 9.49x10
2 3840 56 X
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Table 4.2 Sectional properties of each element of simplified
model of the inner structure of IHX (continued)

node CTOSS bending Young's
number length . B moment of
. sectlonaJ_,) . . dul
i (cm) area (cm’) J_nerz:l.a modulus
N T - | (em™) (Kg/cm?)
v 17737 70. : 4
: ¥ 100. 2.314x10% | g s8x10’
a 37739 54,
=
- 34735 %

< ’g \ 6
s G 60. > 72.382 13.03 7 1.77x10
It 3537

B
25126 25.
26727 80.
27728 120.
@

w

o5 28729 200.

S ' 3 5 6
3L 2930 200. 1.398x10 2.472x107 | » 1.77x10

- > r

25 3031 200.

53
3132 200.
32~33 200.
3334 50. J
3n21 30.
g 21122 27.5
5 .
E 2212 19.
g w23 63 L 2.151x10°
£ 2 23,24 191.4
— o
24725 75.

%

I 34~.36 100. 8
5V o > 2,151x10
£¢% 36,38 110.
= g v
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Table 4.3 Natural frequencies of the detailed model of
the inner structure of IHX

Mode Circular Frequency Period
frequency
number (rad/sec) (Hz) (sec)
i 2.579 0.410 2,437
2 9.271 ‘ 1.476 0.678
3 14.95 2.380 0.420
4 46.70 7.433 0.135
5 56.58 9.005 0.111

Table 4.4 Natural frequencies of the simplified model
of the inner structure of IHX

Mode Circular Frequency Period
frequency
nunber (rad/sec) {Hz) {sec)
1 2.620 0.417 2.398
2 9.492 1.511 0.662
3 12.42 1.977 0.506
4 48.75 7.759 0.129
5 57.40 9.136 0.109
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Table 4.5 Sectional properties of each element of the simplified
model of the whole structure of IHX

f .
node bending Young's
CTross g
Ser length . moment of
num sectional, inertia modulus
i {cm) area {(cm ) (Cma) ('Kg/cmz)
4041 70.
4142 96.
42743 169.
4344 45.
!
46745 75. ‘
;
456 25, 5
|
4647 80. §
= 4748 120. “1.445¢103 | > 9.556x106| >1.84x 108
w0
w
o 48749 200.
=
Q
£ 4950 200.
bl
50451 200.
51,52 200.
52153 200.
53154 50.
54455 30.
J _ y. /
. 55472 13. 1.0x103 1.0x1010 | 1.0x1010
\
56757 70.
—
5 8
5715 96.
g >4.788x103 }3.861x107 > 1.86x106
ih)
5 58159 169.
K _
o 5960 45,
[aR

* 1 rigid beaw
: Refer to table 4.1 about nede number 1 to 39.

Note
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Table 4.5 Sectional properties of each element of the simplified
model of the whole structure of IHX (continued)

7

node cross bending Youne's
aunber length - moment of g
sectional . ) dul
P (cm) area (_cmz) lnerfpla modu us2
S - (em™) (Kg/cm?),
60v61 75.
61v62 25,
624,63 30.
6364 120.
641,65 200.
6566 200.
66067 200.
6
67,68 200. > 4.788x103 | > 3.861x107 > 1.84X10
6869 80.
—
o}
42}
a 594,70 107.
=2
<]
5 70~71 13.
ul
u
@
= 714,72 80.
7273 30,
73,74 27.
74,75 63.
75176 130.
: 2z
*
E . 66,80 73. 1_0x103 1.0x1010 6
[« TR ] -
ST 79480 243. 4.788x10° | 3.861x107 |7 t-34x10
o n
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Table 4.6 Node weight and X,Y-distances of the simplified model of
the whole structure of IHX

Node Node Node
number| ‘distapce | y-discance weight 5 mass ) Material
(cm) (em) (Kg) X10 (Kg-sec”/cm)

40 0.0 2.210 2.254

41 70.0 1.510 1.545

42 166. 3.377 3.444

43 335. 1.185 1.208

44 380. 1.659 1.692

45 455. 0.0 0.0

44 480. 1.264 1.289
—
2 1
o 47 >.llh. 560. 3.160 3.222 27/, Cr-1Mo
g ' > steel,

Kaowool

= E]
2 48 680. 3.160 3.222 Hastelloy—XR
o
ol

49 880. 3.160Q 3.222

50 1080. 3.160 3.222

51 1280. 3.160 3.222

52 1480. 0.790 0.806

53 1680. 0.474 0.483

54 1730.

55 17640. 7.700 7.852

Vi

o 56 0. 3.604 3.675
> 57 70. 6.344 6.469 1
; > 127. >.2 /ACr—lMO
o 58 166. 3.391 3.458 steel
o
j="

59 335. 2.815 J 2.871

B J | )

'Note: Refer to table 4.2 about node number 1 to 39.
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Table 4.6 Node weight and X,Y-~distances of the simplified model of .
the whole structure of IHX (continued)

Node Node Node
numbey| Fdistamce | y-distance weight 5 mass ) Material
(cm) (cm) (Kg) X10 (Rg-sec”/cm)
60 380, 3.941 4.019
61 455.
62 480. 3.003 3.062
63 560. 7.508 7.656
6L 680. 7.508 7.656
65 880. 7.508 7.656
| 56 1080. 7.508 7.656
% .
> 67 1280. 3.003 3.062
5 127, >21/4Cr—lMo
4 68 1480. 4,505 4.593 steel
g
[N
69 1560. 0.220 0.224
70 1667. 3.003 3.062
71 1680. 3.378 3.445
72 1760. 3.378 3.445
73 1850. 0.220 0.224
74 1877. 7.950 8.017
75 1940. 1.700 1.734
76 J 2070. 13,34 13.603
2 77 166.
[t
"
2
o 78 | > 200. 335.
Q
ks 79
g 837,
x | 80 200. | 1080. 2%/, Cr-1to steel
*

i support skirt
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Table 4.7 Natural frequencies of the simplified model
of the whole structure of IHX

Mode Circular Frequency Period
frequency

number (rad/sec) (Hz) (sec)
1 2,619 0.417 2.399

2 9,487 1.510 0,662

3 12,42 1.976 0.506

4 48.75 7.759 0.129

5 57.34 9.126 0.110

6 119.72 18.97 0,053

7 146.9 23.37 0.043

8 151.9 24,18 0.041

9 '157.3 25.03 0.040

10 168.0 26.69 0.037
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fixed

Fig. 4.1 Boundary condition of the upper tube sheet
under static load

Fig. 4.2 Finite element mesh of the upper tube sheet



pinned
joints

Fig. 4.3

Fig. 4.4
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rigid body

Boundary condition of the support lug of the tube
bundle wunder static load

Finite element mesh of the support lug of the tube
bundle
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Fig. 4.5 Deformed shape of the upper tube sheet
under static load
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Fig. 4.9 The simplified model of the inner structure of THX
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Mode number

Comparison of the detailed model with the
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Appendix—1 ERBIEOCFHE OO ER

BEEEG FORDIECODVTRADETLT b,

Ezgzii.% (1-1)
2T E:!vvi® (kg/cm?)

ol & A (kg/cm?)

el Ud A (=)

Piey 7 (kg

A BooWrfE (cm?)
. 3voEs  (cm)
6 3HoEER (cm)
34, B2k eE—AYir] Z, BUFoRicd-TRDL1LE,

_ M£ -
I =5 (1-2)

zeT 1. Wm2ke—A2rF (cm?)
M: £—X ¥ b (kgecm)
i@ [ElEx (rad)

MABTHRLABURTOMED 5, FHERERRT, ¥R—- b7 7L T, FEID
DE BRI E, BUFICRTESELTRDSN S,

O L EERE R
P=10x10%(kg), A=100(cm?), £=122(cm), §=1285x%107(cm)

(1-1) Xicky, E=9.49x107" (kg/cm?) _

$4, M=6.40%x106 (kgeem), i =476x10% (rad) %, (1-2) XKRALT,

[ =1.728 x 104 {cm*)

@ R— 77 -
P=10x105(kg), A=100(cm?), £=122(cm), 6=1882x10%(cm)

-7, E=648x108(kg/cm?)

£/, M= 6.40x10°(kg+cm), i =5208%x103%(rad) &0, =2.314x10*{cm?)



