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Abstract: A thermal structural coupling numerical model was established for the connection of the pillars in a double-
layer liquid hydrogen spherical tank. The stress and strain distribution of the connection between the pillar and the inner tank
in a large liquid hydrogen spherical tank was studied, and the influence of different connection forms on its mechanical prop-
erties and heat transfer performance was analyzed. The results show that the maximum stress and strain increase significantly
regardless of the connection structure between the pillar and the inner tank when considering the temperature load. Among
the four types of connection structure between the pillar and inner tank, the straight circular connection structure has the least
stress value at the most dangerous location, with the maximum stress value of 331.33 MPa, while the direct connection struc-
ture has the best thermal insulation performance, with a heat flow density of 758.75 W-m ". Since all four connection forms
can meet the stress verification conditions, it is recommended to use a direct connection structure as the connection method
between the pillar and the inner tank from the perspective of reducing heat leakage. The results can provide theoretical guid-
ance for the design and selection of the connection between the pillar and the inner tank of large liquid hydrogen spherical tank.

Key words: liquid hydrogen spherical tank; connecting structure; finite element; structure optimization

Wr#E B H#: 2024-04-01

ESWA: [H5K A ARERE4S(52276018)

EE B T, B2, FENFRAMSHEAR S EAMR . E-mail: xiefushou@xjtu.edu.cn

SISTA5 2 AR A7, AU, BRW, A5 ORI SUBK A SORE B B 25 M BT 5 MR L WE S (0], A S AR, 2024, 30(4):
398-407.
XIE F S, YU S, XU X, et al. Design and comparative study on the pillar connection structure for large liquid hydrogen
spherical tanks[J]. Vacuum and Cryogenics, 2024, 30(4): 398—407.


https://doi.org/10.12446/j.issn.1006-7086.2024.04.008
https://doi.org/10.12446/j.issn.1006-7086.2024.04.008
https://doi.org/10.12446/j.issn.1006-7086.2024.04.008
mailto:xiefushou@xjtu.edu.cn

R A R TR S BRI 1) SR R S M BT S MR REXS LURIF ST 399

0 55

H AT, A7 S TR A i R FH A2 BRAE
S IE S, b P SR T R 2T R T L A
JE K N A B ) 55 Z2 R BT R, TR N P IR
FERRRE R, By e AR B RN T EAh, SRR
A1 TR I o5 BRI SR I 2 309, W A 4 Pk
RS M KM, SOkE S P B B2 A 1 45 R T 3Kk
BRI A ERFEREAR LR G PERE A B, B2
HIF R T RIUEREE o A 5 8koe i 8 B8 UM ¢
WA 5 M FSE . 2R 28 451 BT X KR K SRR Bk
i = A Y] X SO 5 Bk % 4R A5 e AT T X
Fb A3 AT, 4t SR 3 W T P 3% H AR 45 10 R 0% A R0 8 1%
ARG BR T T A A R SRS . FE A AR R
RUBRIE ) SCHE AT e T A BRI/, A9 1 S #%
T 2 R SR B A5 % 2 3 52 i), 45 R R B R ]
U JEAE AL U TR FEA % B2 25 44 B BR T2 38 47 1)
PrmtEae, TheZSY FHEY HIREY g
SR T R IR A IKIRE [ G bR 1fE Hh 42 i) DU % 5
RS BRI 6 raE G O, 15t 258 8 K IR
TE MR AR 0 52 IR AR Rty . T A it
S T AR 3 A X M R A A R A B S5 AR T i — 2
Ak, ZIRALSG 254 32 T AR RS ear . o™
P T AR AU R R R AR S K IEDE 46
R S P25, 45 R R IIZ PSS M BB S A A0
BR T A5 KN F1 A B R 1 o3 A o 1 9 ST BT XTI
I RV LNG M2 3Kk S JF o5, 45 SR R WX T
TRV 3K R S A 1 S 45 M U8 B3
X IPEE"T DL 2 000 m* (14 K AL T 2 BRAE R AF 5T X 4R
S5 R LR T SR 5 3R ST AL R T U B AR 4
PRI, ATBA DR SCAE 5 7e R T MR o) HLAT &E

SR, H AT T KA IR G 2544 M B8 (10 BIFFEAFAE
PS5 T A s (1) BRIEAE i 15 K 2 AR IRR
TRV T, A 75 PEORL JE 6 2 X 52 ) 14 BB 1Y 52 i 5
(2)TEBF 5T A [F] S AT - 3K 52 3% 4508 U % i X
Z SIS, AR 5 SR AR RE A SE e . PR, AC
SRl 8 R A S B2 BRIE, 400 i BUE A 7 v 45
SR ] G A o R R ) IO S A - PN O B B S A T
TR JE 2807 RN IR B 2T 25T B g 43 A R
FE RS s IR T 2E TN L, R 98 el & T KA
BRI Y SOV HE 2, DU oy R AL A Bk
WE PN RE S SR AL AR R T R A, T
RS Ve R o

1 REFKEETHYERE
AR SCHI IS B BRI D) B AL AN P 1 TR,

IR I 1 i ANEE, BB T SRR R . BREERE AT 2y
N E. SNRE . N SCEE SR | A SO R KR T
TRy, PR BRI S, PR A S 2 ] 3
PERRPPIRE . NS R SCHE N PR T, X T
PR IR T UK, Ay I > B B 1 3, — BT P SR
oy b R PRy, N B SORE S N REE R, N B
Ml bR R 5 P SO, T A
ey v i) 2 2 — 5 T R ) o AR L BB A A T TR A,
R A B B A i 22 IR AR A5, N 2
N

1. PAE; 2. ANGE; 3. A B SORE; 4. A SR 5. TR SR

B 1 AR R
Fig. 1 Physical model of spherical tank

L AE; 2. A 130 3. 05 2 SR 4. BRI
5. WG 6. N R SO

K2 BREERAL R OR A

Fig.2 Partial enlargement of the model

P 3 g SR - PN EJR FE AR A DU R L B 3
B HAR LN (a) | FEHGER S (b)), UE &
gty (o). BRI L5 (d) . A SCHE ek
FLAEE IR A AR SORE - A REIE 08 SRt 47 0 it



400 Hos HRR

55304 4 1)

B, PRI BRI N 3 F0 AR o A FEAVREAE, SR )5 T

TR 2RI X AT o
(@) | o @ o M o

B3 SOH- Py R A DU AR DL 32 R R R
Fig. 3 Four common connection types at the connection

between pillar and inner tank

2 HEFEAEST

2.1 A-EEMFEE S ATRA
H TR SR BE ARG, AR B L SRS R 0 52
A5 AL 2 AT A G, 38 IV 7% IR B A8 AT 1) 5
TE g 7 3K e N JHE S 45 5 A0 B A A ) 3 AR rh b
[ I 2 AL 5 32 07 R, B AR - AR S
A
X T T B S A5, AT AR Sy JC N FAR 1Y
JE PSR AR T A TR AT A FR T
JCEHT UM . IV R R R TR R
(A S S R E TR = AVAL SO S N Wy
g:i 82T+82T+82T
or pc\ 0x Oy 0z

(1)

K TORIREE; ¢ ABTEL X .z 230 5 845 p R
W ¢ MELAER; L IR,

-GEF R G 0] U SE PR N R B i S
PG — 2R, T IR 9T X G N RT3 0
A AN A R B R Y 22 e S L T 5 AL N
77, 3K SR IEAE AT G5 A8 53 A7 B 250 L R ORI
B o ASCHTIFGE B AR TR R T oLt 8 T LR g o,
Ry M B HEAT AR N B AT, 45 B0 RN R TR EE
Yy, BT AT 858 0, BV IR 5 A . %
ST IR T BRI T 25 I, RT HIAS IR i A
L3R

1
Ex = E[O-XX _:u(o-yy + O-zz)] + Q'(T - TO )

1
Syy = E [O-)')' _/'t(o-zz + O-xx)] + CY(T - TO )

€, = ! [O-zz _:u(o-xx + O-yy)] + CL’(T - TO )

“TE (2)
Ty

AYe
O-VZ
E,, = —

ST
T
RYE
K e &0 €, WIENAS; 0,0 0, 0. HIEN JT; 6,0
€un €. NBIN AR 0\ 0, 0. N BTN ST a I K
FEG E G IR 1 IRt G B UT B &
E. G, uZBIPRATFRRN:
E
Y= 30+
22 BB KA
22.1 BB
RS A BT R R B 28 A SR An gk 1
%,

(3)

F=1 HUEE SR

Tab.1 Mechanical load conditions

eS| AT
BREE A TSE A S SORE R i 8 T I R A =S, T B A 9.8 mys”
A ) R ISR p=pgh ATHL, WO BRGE ™ A R ) BB e BE R MR A 28, HOr Tt n 7
BRTCNRIRE I [ 5, R E R 0 T REEHRZ) 0 0.137 MPa.
P aapi vl HUfEL 0.56 MPa, il T Bk5E N KA T -
) SRR TR, BONSERAN; AN SO SEGER R | SRS RIS RS R AR
2ot i
T, BNHELAR .
XS FRTHT BN TR X R TAT F) S TR
222 EEREA S5 B, AR A A7 T P AR R ELME L3l i R 5 7
Jit it JEE 2 Ay P ORI PN R PN SR T RLE R BR IR AR, AR A SR ANSY'S R AR B R T



R A R TR S BRI 1) SR R S M BT S MR REXS LURIF ST 401

ARt BT BRSSP R R E R 20 K, B
D) O N O S S N2 I D S R 5 /AT D O B e
FHO0 15 Wim?, BREE I 295 K, i i ANSYS
PO BRSBTS SR R R SE A0 L 40 A
Kl 4 Fis

\\\\\\\\\\
Z . R

L. K

20
40
H 60
79

99

118
138
158
177
197
217
236
256
275
295

(5 I O I I

P4 B ATt N s

Fig. 4 Schematic diagram of temperature load
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Fig. 7 Stress and strain distribution of spherical

shells and struts without liquid hydrogen
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Fig. 9 Stress linearization of position 1 without liquid hydrogen
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Tab.2 Results of stress linearization at the most dangerous position without liquid hydrogen
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Tab.3 Results of stress linearization at the most dangerous position considering liquid hydrogen
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Tab. 4 Results of stress linearization at the most dangerous position for support plate connection structure
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Tab.5 Results of stress linearization at the most dangerous position for straight circular connection structure

o — R SRR N T/ — YRy 7 1Y —IM= RN 1/ — YN =R I
MPa VR PR/ MPa MPa VPR /MPa
3 96.22 375 331.33 750
6 MOFpTHE-PEEEEEMNRE . RTEXT
Tab. 6 Comparison of stress and strain values of four kinds of strut - inner tank connection structures
. R . — U — IR+ R — O IR I ek As . N
AR MPa firi Wi J/MPa  RiJ/MPa  VESHMEFRMPa  mm BoRpaefr
HEES:  403.67 HSERSTTFWEEL  109.81 403.67 750 40.40 Bk EHARAFFFLAL
FetukEs: 44728 FEMR MRS OHEEL 91.66 447.28 750 39.50  BR5E DA AFFFLAL
UTBER:  696.02 HHASGERGEAHERAL 14932 696.02 750 40.04 Bk EHARAFFFLAL
HFEESE 33133 IHSERSE FmEREL 9622 331.33 750 39.87  HKGT FARMRAY LA

®7T ARE-REERSHRRARREE X

Tab.7 Comparison of leakage heat flux of different strut - inner tank connection structures

R HBER: FOME U et B
PHHRE/ (W-m™) 758.75 859.95 945.48 895.19
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