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Analysis of Coaxial High-Temperature Gas Duct

by Beam Theory

Tsuguo OHKUMA% Kenji KIKUCHI, Takakazu TAKIZUKA,
and Konomo SANQOKAWA

Division of High Temperature Engineering,
Tokai Research Establishment, JAERI

{ Received February 7, 1980 )

In multi-purpose VHTRex, the usage of a high-temperature multi-
walled duct is planned for connectig the reactor vessel and inter-
mediate heat exchangers. The experimental results of a mock-up
multi-walled duct obtained in High Temperature Engineering Lavoratory
were compared with the analytical ones by the beam theory.

Factors influencing overall behavior of a multi-walled duct in
steady-state operation could be clearified. fundamental data such
as reaction force, displacement and temperature distributions in

inner and outer tubes were obtained.

Keywords; VHTR, Coaxial High-Temperature Gas Duct, Beam Theory,

Structure Analysis, Temperature Distribution
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Table 1 Moment due to weight, earthquake and
thermal expansion
moment (Kg mm)
position items Ml M, M
3
. 4 4
weight -1.5x10 4.0x10 0
fix end earthquake t2.6x104 t 2.0x105 t .4x106
thermal 2.3x10° 4.3x10° |- 2.9x10%
expansion
weight 8.2x103 1.7x104 0
elbow-1 carthquake |£2.7x10% |+ 3.4x10% |+ 5.3x10°
thermal [, 9x70% |. g.6x10" 2x10
expansion
weight 0 5,2x10" 8x10°
free end earthquake 0 t 3.7x105 + 7x105
thermal 0 2.0x10° 0x10°
expansion
Mj=torsional moment
M7 ,M3=bending moment
Table 2 Primary stress of outer tube
position Bl B2 1 M. Sp 1.58m
Fix end | 0.5 | 1.0 | 2.84x10°| 1.39x10% 2.6 | 15.8
eibow-1 | 1.0 | 4.3 | 1.19x10®8 s5.36x10°[ 10.1] 15.8
frec end| 0.5 | 1.0 | 1.19x10%| 5.64x10° 4.2 | 15.8
Bl,B2=primary stress indices for the specific
product under investi§ation
I =moment of inertia (mm?%)
Mi =moment (Kg mm)
Sp =stress intensity value (Kg/mmz)
So =allowable design stress intensity value (Kg/mmz)
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Table 3 Primary plus secondary stress
of outer tube

. ] Mi E allowable
posision | C; |C, i B AT| Sn value
fix end | 1.1]1.2{1.53x10%|1.74x10%{1.79x10" | 50|15.7 | 33.5
elbow-1 | 1.3)5.7}5.75x10°|1.85x10%|1.74x107%| s023.8 | 35.1
free end | 1.0}1.0§7.44x10°|1.97x10%)1.66x10°5| s0|19.0 | 42 2

Cl,C2=secondary stress indices
Mi=range of moment (Kg mm )
E =modulus of elasticity (Kg/mm?)
B =coefficient of thermal expansion (1/°C)

8T=range of absolute value of the
temp., difference between the temp.
of the outsidesurface and inside
surface (°C)

Sn=stress intensity value (Kg/mm2)

Table 4 Primary stress

position primary membrene primary local membrene
stress plus bending stress
Pm S P1+Pb s
inside
(:) g 0.3 0.9 0.3 1.1
outside
inside
(II) £ 0.5 0.9 0.5 1.0
outside
_~ {1nside
( ) § 0.4 10.7 0.4 l6.1
N |outside
inside
(EZ) g 0.9 | 10.7 0.9 16.1
outside

Pm=stress intensity value (Kg/mm2)
Pl=local memblene stress intensity value (Kg/mm2)

Pb=bending stress intensity value (Kg/mmZ)
§ =allowable design stress intensity

Value(Kg/mmz)
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Table 5 Primary plus secondary stress palameters

position | X Y X+Y € £’
inside 0.040 3.451 3.491 0.75 1.0

@
outside 0.040 3.263 3.303 0.75 1.0
inside 0.035 3.546 3.581 0.52 1.0
{11) outside 0.035 3.314 3.349 0.30 1.0

X=primary stress palameter
Y=secondary stress palameter
E=creep ratcheting strain(%)

€-allowable strain (%)

Table 6 Primary plus secondary stress

position Sn 3Sm
inside 22.9 32.1

CED outside 22.8 32.1
Linside 18.0 32.1
outside 17.6 32.1

Sn=stress intensity value (Kg/mm2)
Sm=allowable design stress intensity value (Kg/mmz)
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Fig. 7 Element mesh and global coordinates
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Fig. 8 "Free end" layout
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rotation

Fig. g Constant hanger support

Table 7 Restraint conditions of nodal
displacement

node no.

WO~ o1 iy —

Q00000 00OX00 X |
O000OXOO0000O00 X |
X0O0000000000 X |
X00000000000 % |
X 00000000000 X | D
000000000000 X |®

O free
X fix

Table 8 The ratios of polar moment of inertia

of area and second moment of inertia

outer | inner | separating | liner | dummy
tube tube tube tube tube

1 0.155 0.063 0.017 } 0,011
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‘Table 9 Comparison of mea. and cal. values
. displacement(mm) reaction{ton)
25?5?%;22 value elbow-1 elbow-¢ free end
X y z X y z X Y R

Tg=940°C | oo, | 1.4 4.8 -3.0/-5.0 0.9 -1.6{-3.1 3.0 0.7
Q=6g/s
P=40atg cal -1.0 -4.8 -0.4,;-3.9 1.7 -1.0[-4.2 2.2 -0.30
55;292‘7 mea, | 0,9 -4.5 -2.5.-4.% 1.1 -1.31-3.5 2.2 -0.14
P=40atg cal. -0.9 -4.0 -0.41-3.3 1.4 -0.81[-3.5 1.8 -0.27

aﬂ
b=
c:

X
Y
Z

Tg; heater outlet gas temp.
Q. flow rate

P; gas pressure

moment of inertia --- cuter tube

Fig. 16 Local coordinates
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Table 10 Moment due to weight, earthquake, and
thermal expansion

moment (kg mm)

position items M1 M2 M3
weight 1,4x10% 0 3., 3x10°
fix end eérthquake i4.1¥104 13.7X102 iﬁ.SXlOS
thermal 2.3x10° | 5.1x10° |-3.9x10°
expansion
weight 1.3%x10% |- 8.4x10° 0
elbow-1 | earthquake f4.1x10% {£4.5x10% | 1.0x10°
thermal 2.3x10° 1=1.2x10° | 1.4x10°
expansion
. 3 4
weight 0 1.2x10% |—2.4%10
free end earthquake 0 i.l.SYIOS _‘1'.6.6)<104
thermal 0 2.1x10° | 1.0x10°
expansion

M.=torsional moment

1

M2=bending moment
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Table 11 Primary stress of outer tube
position B1 B, I M, S_D l'SSm
fix end |0.5 | 1.0 | 2.8x10% | 9.8x10° | 2.4 | 20.0
elbow-1 |1.0 | 4.3 | 1.2x10% | s.6x10% | 8.4 | 21.9
free end | 0.5 | 1.0 { 1.2x10% | 3.2x10° | 4.5 | 21.9

By:B,

I=moment of inertia (mm%)

Mi=moment (kg mm)
Sp=stress 1ntensil

ty value (kg/mmz)

=primary stress indices for the specific
product under investigation ‘

Sm=allowable design stress intensity value (kg/mm

Table 12 Primary plus secondary stress
of outer tube

position C, | € M, E X 4T| S |35,
fix end | 1.111.2 ]1.2x10% [ 1.91x10% {1.75x107°[1.0] 4.6 [ 40.0
eibow-1 | 1.315.7 | 1.5%10° | 1.95%x10% [ 1.74x107°|1.0 |20.8 | 43.8
free end | 1.0 1.0 | 4.3x10° | 2.00x10% | 1.72x107°{1.0]| 8.0 | 43.8

Cj,C2=secondary stress induces

M;=range of moment (kg mm)

E=modulus of elasticity (kg/mmzj
{=coefficient of thermal expansion (1/°C)

AT=range of absolute value of the
difference between the temp.
of the outside surface and inside
surface (°C)

Sn=stress intensity value (kg/mmz)
S_=allowable design stress intemnsity
value (kg/mmz)

temp.
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FETRLARHGOSLLROAHEABE L ERBECOEW ERNOHEBES, Table 9 L5
T MBBRHOAABEDS, 9400, 800COLELLOBALDNTS, ERELHEE LA
C—HELTWA T EVRDE, K, TAx- 10LFAEMS, 6E~T.5BEERRr T
nDHH, TOHBKRESTE, ABOHEIFIEROBRELY 50C LR ( FOER, BSH
THECBRTAZEEFLDRLEBTHALED {, '

Fig.17 ~Fig. 24 L, B TRbAE- A  OA/AERUFEN, WK HOAETH L, &
NOOHFOa, b, cHRAEERE2TL (hY, BFEERLLEEEZ L OBE L Fig.
16 R T, = ¥l 2RTEERC b#MIEEIC, TAK—OCHEOF.LHEET, 2
AEBOCEEFMTS b,

Fig. 17T EEEEFI ( 940C, 6g/5 )it be—2 2 ' OBHEERF, Hh T 2>
P, BAR025 X10° Kg mnTdE, #iiFe— 4> dKkFEROZ 2~ #— 1 TEHBEF <
~ A L8 X 10°KgmmTd %, IFHHWOBETACD LEBETHL" THE " TAEH
MT =S4 VATEEA A D, REAZBHITE- 2 T HERELT AW, REEXEBE TS 20T
EhEx—- b E0OTH 5,

Fig .18/, PV EEERG I XL 2@NEAVEHR HOSRERLTWS, ald@ihr &
LTHY, ®AK—-12tonT, HGACTHEMEBLNLT—012 Kg/n' T %, 8N Hit
MPAEROmMBZHTELR 1.8ton TH 5,

BEFRHFIT (9400, 6 g ) CHiThe— 4> b, BIAORFHN IDECERS ORESEI
B0, 2HNERE (40K em®G )L B3 DOh %% L AHS, Fig.19~Fig.
22THL, ALz — 2>, BOIRUVHK DO LR T L o TVEBOEERICLAS L OH
TEHEANTHECELDD5h,

Fig.23, 241, E&EHEI (800C, 6g7s ) WEitbex— 21 OFHRBRFES, B
MO mMTe L, €E- A+ OBRE EEBEFHEILFAL(z+x -1 TEHRBITFE - £
P 1.5 X 10°Kg ‘mm, ¥ 77ORKEMERMNTLS ton, B AL LI MBAETH— 1 ton
ThE,

RIC, BEFCPTHIEBOILHFMET S5, REOCSHE, AFE(ay=xi2r b - o
H-—BE)EEBL T, #HEEHT (940C, 6g/s ) CEFEBES AT 175 b LesHE
HFRT D LK MBBEHCEEHR, SHEMNO" B8R "RFz L R—- 102y 2 —CDnT
ASME CODE Bec.ll L DILNFHMEETS, XL, TOBE S, WE=E— 4>t &L
THABOCAZEZL S,

BEO=E—A> +% Table 10CFT, COHE% D&, NB—3652 CIh—RIEHOE
FFHMELAER T Table 11 1TFRT, EOBFATHYRELNEFFENETEboTnADT
L b, ¥/, NB—36531TL D, —Eﬁt+:&;§;‘j@ﬁ§&§‘fﬂﬁbft%%%l‘able 12T
T COBETY, BENLAEHFELAUT TS E, 22 x5 1 TRERIENHELTHE B,
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HAEENOEAUTOETSH S, 22T, BIXC [BE2ERBORIL, H2H - ASME
CODE Sec.l NB—3600 WL aILNFHEELBTEL, FHCEWTHR, BAFTEEZHE
BOBOMMBIC L s TROLBHESL, LOALAKOENCLBRELTOE (10 %1% )
rERL T, EERBCETLREL N, —WIENTIREE L, ZRELATHBESL W

b, ABCHTAEHGTE-TWE, Thd BRIE BEANBEZCSAHM LT Lo TLTCE
HLTWwh,

8= xat

1) HF#EHE, fh; JAERI-M 6845 (1977) .



