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Abstract: The [HX (intermediate heat exchanger) is a key component of nuclear hydrogen systems for the production of massive
amounts hydrogen. The THX transfers the 950C heat generated by the VHTR (very high temperature reactor) to a hydrogen
production plant. The Korea Atomic Energy Research Institute established a small-scale gas loop to test the performance of key
VHTR components and manufactured a small-scale PCHE (printed circuit heat exchanger) prototype, which is being considered as
a candidate for the IHX, for testing in the small-scale gas loop. In this study, as a part of the high-temperature structural integrity
evaluation of the small-scale PCHE prototype, we carried out high-temperature structural analysis modeling and macroscopic
thermal and structural analysis for the small-scale PCHE prototype under the small-scale gas loop test conditions. This analysis
serves as a precedent study to scheduled PCHE performance test in the small-scale gas loop. The results obtained in this study will
be compared with the test results for the small-scale PCHE and then used to design the medium-scale PCHE prototype.
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Fig. 9 FE model of small-scale PCHE prototype

- Temperature Mapping of Gas Flow Path Celsius
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Fig. 10 Temperature mapping of gas flow path (A-type)
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Fig. 11 Temperature mapping of water flow path (B-type)
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Table 1 Material properties of SS316L

Temperature )g;l::::;t;f Poisson Density Conductivity (;11)?(;"»' E];]:)::?;;l“
(C) (GPa) Ratio (kg/m®) (WmK) (.‘I/kg~Kv) (‘104/.,0)
20 192 0.3 7966 13.94 470 15.9
100 186 0.3 7932 15.08 486 16.4
200 178 0.3 7889 16.52 508 17.0
300 170 0.3 7846 17.95 529 17.5
400 161 0.3 7803 19.39 550 17.9
500 153 0.3 7760 20.82 571 18.3
600 145 0.3 7717 2225 592 18.7
700 137 0.3 7674 23.69 613 19.0

Table 2 Material properties of SS316
Temperature }llzt;;l::i::':f Pniss.on Cun(}ucti\:ity ETxl[lJ(::?i?Jln Temperature Density Ci?:tifv
(T) (GPa )‘ Ratio | (WnK) (1097T) (T) (kg/n®) (J/kg'Ku)
211 1951 0.29 14.18 15.30 20 7930 472
93.3 190.3 0.29 1522 16.02 50 7919 485
148.9 186.2 0.29 16.08 16.56 100 7899 501
2044 1827 0.29 16.95 17.10 150 7879 512
260 1779 029 17.64 1746 200 7858 522
315.6 1744 0.29 18.51 17.64 250 7837 530
3711 1710 0.29 19.37 18.00 300 7815 538
426.7 166.2 0.29 20.06 18.18 350 7793 546
4822 162.0 0.29 20.93 18.36 400 7770 556
5378 1572 0.29 21.62 1854 450 7747 567
5933 1524 0.29 2248 18.90 500 7724 578
648.9 146.2 0.29 2318 19.08 550 7701 590
- = = - = 600 7677 601
- - - - - 650 7654 610
- - - - - 700 7630 615
Table 3 Material properties of SS304
Tem(pue(;‘a)mre N:;::li:;;r P;::i‘;n C(o\l;ﬂ/lll;gl)lv EIx][l)(:;?i:ln Tem(p%'ajture 3{:1?::) C:[I)e:rrity
(GPa) (10%TC) (JkgK)
211 1951 0.29 14.87 15.30 20 7930 472
93.3 190.3 0.29 16.08 16.74 50 7919 485
1489 186.2 0.29 16.95 17.64 100 7899 501
2044 182.7 0.29 17.99 18.36 150 7879 512
260 1779 0.29 18.85 18.72 200 7858 522
315.6 1744 0.29 19.54 19.26 250 7837 530
3711 171.0 0.29 2041 19.62 300 7815 538
426.7 166.2 0.29 21.10 19.98 350 7793 546
4822 162.0 0.29 21.96 20.16 400 7770 556
5378 157.2 0.29 22.83 20.52 450 7747 567
5933 1524 0.29 2352 20.88 500 7724 578
648.9 146.2 0.29 2421 21.06 550 7701 590
= o - - s 600 7677 601

3. oM

3.1 Mol M KA CHFA = A=A

1 2 f239 7} (Gas) 5 1 (chamber) %
2 2 frE3e] E(Water) & FH Aol 24
gFATE e AFdS S8 wg Fa
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- Boundary Condition of Gas Flow Chamber

Temperata Convection
No. Area ““"(’g"‘ "€\ Coefticient
Modulus of Thermal Heat (W)
Temperature | Conductivity | Temperature E?;:L::t;] Poisson  Density Exp(:L:z?m (‘np;itv P— - Gas Outlet
k) ) ati : Apach) 1 g2 830 835
(Cy (WinK) (C) (GPa) Ratio  (kgm') (09T ) | (TheK) Tnner Wall
Gas Inlet Tubs
211 160 20 191 035 7730 - 500 2| Chmewal 830 835
933 12.89 100 185 0.35 7710 i - ;
Rl B
148.9 13.85 150 182 0.35 - - - ’
204.4 1471 200 179 0.35 7680 158 . 4 | Cmachmber ) g30 3619
nner Wall
315.6 16.62 250 175 0.35 - 16.0 - )
% Gas Onlle'(}lnmbel‘ 2023 231
3711 17.50 300 172 0.35 7650 16.2 - Tnastyiall )
426.7 18.35 350 169 0.35 - 16.3 - Gas Outlet Chamber
2 % Inner Wall 203 2306
482.2 19.21 400 165 0.35 7610 165 -
Gas Outlet Tube
537.8 20.05 450 162 0.35 . 16.6 . ! Tuner wan 203 n
5 5 5 R . . ..
5933 2094 500 19 | 035 70| 168 Fig. 13 Free convection boundary condition for water
48.! 22 551 55 .35 - | -
6489 00 550 155 0.3 17.0 flow chamber
- 600 152 0.35 7540 171 640
Celsius
- Temperature Contour of PCHE .
- Boundary Condition of Water Flow Chamber 783:3230 I
‘Water Outlet 7451569
o | | T | GO b e
A 7 ®© (Wim''C) Gas Outlet 665.8246 =~
A 630.6584 —|
‘Water Inlet Tub <’_II Q 3 —
1| MR 20 6380 Gas Inlet ::i42§| o
‘Water Inlet 516.1600 —
2 | Chamber Inner 20 306
Wall 477.9938 i—
Water Inlet 439.8277 19
3 | Chamber Inner 20 30640 401.6615
Wall 262.4954 1
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4 | Chamber Inner 30.9 465
Wall 287.1631 4
Water Outlet 245.9969
s | comermer | 309 | 46530 Gas Outlet 2108306
all < 172.6646 1
Water Outlet
| Tube Tuner wan 309 8689 Water Tnlet

Fig. 12 Free convection boundary condition for gas flow
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Fig. 14 Temperature contour of PCHE prototype

- Temperature Confour of Pressure Boundary Celsius
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- Stress Contour of PCHE
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Fig. 17 Stress contour of PCHE prototype
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- Stress Contour of Pressure Boundary : Top Plate
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Fig. 18 Stress contour of top plate



- Stress Contour of Pressure Boundary
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