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Abstract: The IHX (intermediate heat exchanger) of a VHTR (very high-temperature reactor) is a core component that
transfers the high heat generated by the VHTR at 950°C to a hydrogen production plant. Korea Atomic Energy
Research Institute manufactured a small-scale prototype of a PCHE (printed circuit heat exchanger) that was being
considered as a candidate for the IHX. In this study, as a part of high-temperature structural integrity evaluation of the
small-scale PCHE prototype, we carried out high-temperature structural analysis modeling and macroscopic thermal
and elastic structural analysis for the small-scale PCHE prototype under small-scale gas-loop test conditions. The
modeling and analysis were performed as a precedent study prior to the 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. Moreover, these
results will be used in the design of a medium-scale PCHE prototype.
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Fig. 11 Temperature mapping of water flow path(B-type)

Celsius
783.2230
745.1569
706.9907
668.8246
630.6584
592.4922
554.2261

- Temperature Contour of PCHE

Gas Outlet

-

Gas Inlet

401 CG1‘
263.4954
325.2292
287.1621
243.9969
210.8208
172.6646
124.4984

2223

Gas Outlet

<4

_'-IIIIII;z‘II?IIIIIIy-

Fig. 12 Temperature contour of PCHE prototype
Celsius
sa9.07%6

- Temperature Contour of Pressure Boundary

‘Water Outlet
499. 5936

469.9002
429.9069
409.9125
379.9202
249.9268
219.9235
239.9401
259.9468
229.9524
199.9601
169.9667
129.9724
108.9800

79.9867

49,9922

20.0000

Gas Inlet

Gas Inlet

-

‘Water Outlet

_Illllll:llllllll-

All DOFs are fixed.

%2]@1

Gas Inlet

Fig. 14 Structural boundary condition



2% PCHE A AIFC tidk AAIA 12 72 A Z2H D)

%IDmmTMGmm“%:ﬂ%aﬂ”ﬁﬂaﬁq
4 A3 23  PCHE AAIE, FU/+

ylo]Z kel @ ZA;MA| S Ao AnkA<d %ﬂﬁ
A= Fig. 12 o YERY 9lew 43 PCHE
A AFANA S Ha &7 dAgE G gt
A EREE Fig. 13 o YERY AT} Figures
12 2 13 oA AyEW A3 PCHE AlA1%<]
HAANA Hil 22E 9F 620C Aol
1%7P‘°%%ﬂ?V§}%“%Hm@4@4

?_I—L
eEpxs e ge - ﬂ‘fﬁﬂﬂ%
10
Q.

0T Hurel LEREE vehia gtk oleld
% WX E &% PCHE AlAIFol digh oy
NG ZAT eEEEer fAR gow
ol A 31 glek 0¥

o] Gas inlet pipe EToA HAFEHEZXTE
Aqgatgon, 1 99 Flange 52 $ A3
(flexible) o] =2 AZA o] Qo] RE M9

T Fe AT R st
ZlEstglsol 2%

gt 2 EdA

g 3.2 ﬂﬂﬁ
AAE, F9/EF o)z
ﬂﬂ%+ﬂ7%€ﬂﬁﬂ
1594 9183},

- Stress Contour of PCHE

8, Mises

(Avg: 75%)
1105.158
1049.901
994,643
939,385
884.127
828,869
773.611
718,353
663,095
+ 607,837
Bt 552,579
—+ 497,321
4 442,063
366,805
331.547
276.290
221,032
165,774
110,516
55.258
0.000

Gas Inlet

£

Fig. 15 Stress contour of PCHE prototype

a4 9 A ER¥)E AE3stal ABAQUS
v.6.9-1192 }

S99 ds dAAAdES THI = Aol wpEF S
Wolu} B AFdAE WP ARrE A
s WML ARTE obd Zew dhdsal
3 flow path & E5 31283 mesh o o] Utk
workstation oA 31X 753 FFL Holua

AoJA F50]  de-coupled WHES  AME-SFIATH
Wb AFIFAFEZ A PCHE AAIES AE
3t7] Hel A AFEA spaFE AP
st/ &% PCHE AlAIFS 7A4 Ass

getslr] flgto] . Ao F¥ HA o)

A A3 23 PCHE A AF dAukzel
ER ﬁﬂ%Fg 15 o veht
NI Al A Ee] b A lﬂM16w7Mm1@£°
& Sgo] WA * HAEH-EE AR A 9

MH‘ NeS

- Stress Contour of Pressure Boundary : Top Plate

S, Mises
(Avag: 75%)
£89.752
655.273
620.795
586.316
551.838
517:859
452.881
448,403
413.924
379.446
344,967
310.489
276.010
241.532
207.053
172.575
138.096
103.618
69,140
34 661
0.183

Maximum Stress Area

Fig. 16 Stress contour of top plate

- Stress Contour of Pressure Boundary

S, Mises
(Avg: 75%)

Maximum Stress Area
of Pressure Bovadary

Fig. 17 Stress contour around gas inlet chamber



1142 71 -

- Stress Contour of PCHE
S, Mises
(Avg: 75%)
61,638
58,558

13353 Gas Inlet

£

Fig. 18 Stress contour of PCHE prototype

L)
Mo
bl
rir

Fig. 16 °l UeEht Ut} Figures 15 3
SHEEE ARy Andon =
o et FE7F AIAEE
Askl=T o] FflelA Ho
689.7MPa A I=olt}. o] AL F2
ZEdA FxREe AHAgs Ass 7o
AeE AHe A R RS B
F @&} o] 2% ASME NH code & 7|50 =
33t o Ao},

o
>

kel

o

N

>

1o —iE
RS
2
>

Bz

oo & oo

~

o3 3o
d&S

9 oo oo o oo 5 oo

Figure 17 & &2 23 F-9Q1 a2 7px
Y AH FHAA Y SHEEES YEd Hlow
°F 1,105MPa H 29| Fs] & o] A7t
¥t &% PCHE AlAlEo]l At 447
Felell A wASEiTE. o] W91 Fig. 13 oA
HEol w2 2L 24 Feddn 2=
w27 e w@geRe maA fiAel Wi
- wgorE HUAA £EE Holx: Rejelth
Figure 14 Ao} o] 4FS 8T F U=H
3 7§ Flange °lA9] WIS F&HepA] ehoksol
=8kl we S8 TR A2 Fig 13 9
SRR ZAAM AJAbSEE kel o] Wit 2k
o ofgk Wyl vdlshe Aoz HIlHh
wteb 5 AlZE T PCHE AlAlEl A=
I e I L EE I E = L I

Hofop &

= .

¥ PCHE AlAF A2 =E fA
2 Gas flow 9ol A 4.0 MPa, Water flow
o4 0.1 MPa & AAHol drt. 2=
S sAldl awste] 2 FE Ede 48T
3| A1 -8 hardware 21 workstation ©] ZF53}#]

[e]

YA - FHY WEF

=" =

- Stress Contour of Pressure Boundary : Bottom Plate

5, Mises
(Avg: 75%)

Maximum Stress Area

Fig. 19 Stress contour of PCHE prototype at bottom
plate

gFobA
3FSlt}. Figure 18 2 <! A
PCHE AlAISFel AAA &8 £xE5 el
Aolw Fig. 19 & AAFS] 44

=

IAESEAKE
oly

(1) 4 &4 A3 2% PCHE ANAFESY 1L 7}
4 A e LY E Yeha g
= 7F= #9) dholZet 4% PCHE AlAl#] H
= AHAA FEdA Hoje = 3 % A
Q L BYE nYory FoE 93tu )
(2) BdF=x s|A A A& PCHE AlA|EF9]
a2 7k ) AWES, 2Tk Y gholz
© A3 PCHE AAFol Hate=  HHlolA
689.7MPa A X9 o o] WAl glojA A
3 PCHE A|A|#
Be 7hsAde] Bs By
2 EY VAR AS ES FoE HRIth
AY-IZ FHrhes 5o T
(3) 2% PCHE A|AI&Fe] a2
FE seRue exxolh

i

(

E

0
tlo



2% PCHE A Ao W3k AAr A 1 7% 14 =)

(1) US DOE, 2009, Financial Assistance Funding
Opportunity Announcement, NGNP Program.

(2) AREVA, 2007, NGNP with Hydrogen Production
Pre-conceptual Design Studies Report, Doc. No.
1209052076-000.

(3) Idaho National Laboratory, 2007, NGNP Pre-
conceptual Design Report, INL/EXT-07-12967.

(4) Westinghouse, 2007, NGNP and Hydrogen
Production Pre-conceptual Design Report, NGNP-
ESP-RPT-001, Rev 1.

(5) Chang, J. H, et al., 2007, “A Study of a Nuclear
Hydrogen Production Demonstration Plant,” Nuclear
Engineering and Technology, Vol. 39, No. 2, pp.
111~122.

(6) Lee, W. J. et al., 2009, “Perspectives of Nuclear Heat
and Hydrogen,” Nuclear Engineering and Technology,
Vol. 41, No. 4, pp. 413~426.

(7) Shin, Y. J. et al., 2009, “A Dynamic Simulation of the
Sulfuric Acid Decomposition Process in a Sulfur-
iodine Nuclear Hydrogen Production Plant,” Nuclear
Engineering and Technology, Vol. 41, No. 6, pp.

1143

831~840.

(8) Song, K. N. et al.,, 2009, “Investigation of FIV
Characteristics on a Coaxial Double-tube Structure,”
Trans. A of KSME, Vol. 33, No. 10, pp. 1108~1118.

(9) Lee, H. Y. et al., 2008, “Preliminary Application of
the Draft Code Case for Alloy 617 for a High
Temperature Component,” Journal of Mechanical
Science and Technology, Vol. 22, pp. 856~863.

(10) Dewson, S. J. and Thonon, B., 2003, “The
Development of High Efficiency Heat Exchangers for
Helium Gas Cooled Reactors,” ICAPP 2003, Paper No.
3213.

(11) Heatric broacher on PCHEs.

(12) Kim, Y. W. et al., 2009, “Development of Key
Technologies for Nuclear Hydrogen,” Final Report
KAERI/RR-2992/2008.

(13) Song, K. N. et al, 2011, “Macroscopic High-
temperature Structural Analysis Model on the Small-
Scale PCHE Prototype (1),” to be appeared in Trans. A
of KSME, Vol. 35, No. 11.

(14) Kim, C. S.; 2010, “Temperature Distribution of
Small-scale PCHE Prototype for Thermal Stress
Analysis,” Calculation note No. NHDD-KT-CA-10-
006 Rev.00.

(15) ASME Material Edition 2001.

(16) http://www.sandmeyerstreet.com/A800-A800H-800
AT.html.

(17) Song, K. N., 2010, “3D FE Modeling for
Thermal/Structural Analysis on Small-scale PCHE,”
Calculation note No. NHDD-KT-CA-10-005 Rev.00.

(18) I-DEAS/TMG ver.6.1, 2009.

(19) ABAQUS ver.6.9-1, 2009.




