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ARTICLE INFORMATION ABSTRACT

Original Research Paper Heat transfer through the internal supports of the cryogenic fluid tanks is an important issue in the tank
Received 07 July 2017 design and manufacture. On the other hand, the internal supports strength should be enough to stand
Accepted 09 September 2017 safely against the forces applied to the internal tank. From the heat insulation point of view, most of the

Available Online 27 October 2017 polymers are suitable materials to use in the internal supports. But the low mechanical strength of the

most of the polymers limits the life of the supports made from polymers. In this paper, a new composite

Keywords: . h . .

Cryogenic tanks support made from steel and polymer is presented for the internal suppo_rts. Multllaye_red design of the
Thermal contact resistance steel part of the presented supports controls the heat transfer through this part by adding more thermal
Thermo-mechanical analysis contact resistance (TCR) to the heat flow path. An analytical model is developed to calculate TCR
Internal support between layers of the steel part at various pressure and temperature conditions. A thermo-mechanical

Finite element analysis coupled finite element (FE) model is developed for the proposed support and solved by ANSYS FE

code. Temperature distribution and heat fluxof the presented support are investigated by FE analysis
results. Heat flow through the new support design is compared with the heat flow of the supports
constructed with polymer blocks. Comparison of the heat flow results shows that the amount of heat
transferred to the cryogenic tank through the internal supports in the static loading condition decreases
when usingproposed composite design instead of polymer blocks.
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Fig. 1The composite internal support design proposed by czyzycki [5]
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Table 2 Ultimate strength and Thermal conductivity of AISI 304
stainless steel and Torlan 4203 polyamide at 50-300 K
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Fig. 4 Thermal flux transfer through the contact area between two body
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Fig. 5 Schematics of microscopic contact between a) two rough
surfaces and b) rough and smooth flat surfaces[21]
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Table 3 Flow stress of AISI 304 stainless steel at plastic strain of 0.1
and (oy)7/cqat 5-300 K
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Fig. 10 Thermal contact conductance versus pressure for two SS304
contacting surface with 1pum roughness in two condition; clean and
dusted
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Fig. 8Thermal contact conductance versus pressure for two SS304
contacting surface with 1um, 2um and 3um roughness
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Fig. 9 Thermal contact conductance versus pressure for SS304 and poly
amide contacting surfaces
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Fig. 13 Temperature distribution at internal support a) made from
polymer and SS304 clean layers by 1um surface roughness and b) made
from poly amide, under 80000 N loading
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Table 5 Calculated average heat flux and heat flow through the internal
supports and loading condition detailed in table 3
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Fig. 12 Variation of the heat flux versus pressure obtained from present
finite element analysis compared with experimental data [4]
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Table 4 Characteristics and loading conditions of finite element models
of the internal supports

(W) oS5 WMD) ok (WIMD) o ol 2
0.3474 77 0 1
13.85 268 3030 2
20.31 258 4500 3
11.42 272 2475 4
10.15 274 2185 5
6.271 281 1300 6
1.826 287 - 7
1832 288 - 8
1.839 289 ; 9
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(N) o525 L Jil Slio elans (5 5 LS5 £ s,
20000 1um Composite 1
80000 1um Composite 2

120000 Tum Composite 3
80000 2um Composite 4
80000 3um Composite 5
80000 1pum-dusted Composite 6
20000 - Poly amide 7
80000 - Poly amide 8
120000 - Poly amide 9
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Fig. 14 Heat flow through composite internal supports with SS304
layers by 1pm, 2um, 3pum roughness and 1pm-dusted and poly amide
under 80000 N loading
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