JAERI-Tech IIIIIIIIIIIIII!IJIH!@l!l@ll[lﬂlﬂl!llIIIIIIIIIIIII -

2000-083

TU—-NTJ 1 VEBERTHER T4
TLU—NBEDEE B

2001%F1A8

B HE-RE E-HE R

BEXRFHDHRELMR
Japan Atomic Energy Research Institute




ALHE— M, HEEFOFEFBAEMMIAR LTV IHRBEETT,

AFORES L, BARFARRHFHAHRIARERB (T319-1195 KB HRE]
BE#H) HT, BRLELIIEEY, 2B, ZoRMMEBEARFILERXEE
B (T319—1195 FKIRRIBBBREAA H AR FHHEFRAN) CTHECIHEREANER
ZlhoTEVET,

This report is issued irregularly.
Inquiries about availability of the reports should be addressed to Research

Information Division, Department of Intellectual‘Resources. Japan Atomic Energy
Research Institute, Tokai-mura, Naka-gun, Ibaraki-ken T319—1195, Japan.

©Japan Atomic Energy Research Institute, 2001
HEHRT BERTFHAHRH




JAERI-Tech 2000-083

To— N7 4 VRIBABKHRE Y 4 v - 7 L — MEEORERAT

H AR F S B FERT R BeRf ZE AT BRI FR 42D
mH EHEY - R RS RE

(2000 4F 11 B 8 H3H)

EEHAENSHESE6MPa, 850~950COERE, BENYVLATRAERNHTAS —
Bt A 2 MMIBWT, #95 0%DEWEBHRTREXIT ) AL, BMERETHr>a2 T bR
BABGZHBBIBARRTH S,

AEAERGHRBORIR L LT, FL— F7 4 VEBSBRENRLET L EBZL 0N TWDHD,
TDEIREE, BETTHERISNEL ORI RENBRILETH D, £O—DLLT
FL— kT 4 BRSSO R SR O TN T 5 2 ENRLETH Y . FRE TR
F0E-BREOBRME LT, NERERICNTE 742 - TL— MEEOBREMIT 21T o7,

B LD, T4 » T— MEEDEFILHEEZRML., 74 - FL— b2 3RICDE
STEFMETHHEPENTHD Z L 2R L. 7 4 X NEBOICREROE QR 2 A G2
L, SO T—BICEHEL LEEF IV TYH, EWRZFEIC IV T H0 2 EM S A%
BRAZEEBELMILE, Fh. REANTA—FTHDH T 4 VERA, BV —FTL— MR
BT AR ABE LML, T2 THRE LZFiE, WEEORIEGOT TR, Hlile
74 ABRANT 6° FECHY, RLMECH LW T « VERATHD90° ZEELTIHL
FERAPNT L EBE LM L, Fio, EL— M L— FOBB{EO RS H D Z & b LB
Izl

REEHFFERT © T311-1394  PRERIREKIRAB K BEHT A H ET 738 3607
KELHAHE R BBEETERASM



JAERI-Tech 2000-083

Stress Analysis of Plate-fin Structures in Recuperator

Shingo MATSUT*, Yasushi MUTO and Yasuaki SHIINA
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A high performance compact recuperator with 95% effectiveness is required to achieve a high thermal
efficiency power generation of up to 50% in High Temperature Gas Cooled Reactor(HTGR) coupled with
closed cycle helium gas turbine.

Though a plate-fin type heat exchanger is proposed for this recuperator, much research and development
works are needed to establish this high performance goal since there exists no state-of-the-art technology in
such a high pressure and high temperature one. One of the important works is to establish the structural
analysis and evaluation method in this plate-fin type heat exchanger. This paper describes the results of
stress analysis of the plate-fin structure under the internal pressure as the first step of this work.

First, the modeling of a unit plate-fin structure for the analysis was examined and a three layers model
was confirmed to be most adequate. The stress distribution within the structure was clarified by using this
model. Second, the three layers model was simplified to one layer model with sufficient accuracy. By using
this model, both the effects of an inclined angle of fin and a thickness of separate plate on the strength were
examined parametrically. Under the relevant design conditions, it was revealed that the optimum inclined
angle of fin locates in the neighborhood of 76 degree rather than most difficult fabrication angle 90 degree
and there is a possibility to adopt thinner thickness than 0.5mm in the current design.

Keywords : HTGR, Gas Turbine, Plate-fin, FEM, Recuperator, Stress, Analysis
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SEHE— 1 - FETT L 2 HEREM

Al. 1 JFét
As—¢ Af————
l |
Bl | Ef,PLQiH |
NR | etPhom | |]
I TN 2
=
| |
/’\—/ z
i
ERlizBWT

EsihA RX—F o 7R

Ef: 7 4 BBy o TR

WH:BERI 7 4>, EAXL— NS L— hD z HABIEMNE

osH: @ERY A K/3—z FRES

of H: &ER 7 4 L &R z F Sl

AstthA RA—ErmfE

Af: R L— M L— FHEE S

hip: 7 4 &AL — L — b—HDHE S

ARH:RERZ 4 2, B L— M TV RO 2 TN

PH: & ERIE S

AWLAEERIZ 4 >, B/L— N L— b= D z FAEA

PLREARIE S

LT3,

FTETFNV2a (H—-8) KBWT, MEMO7 4>, ERL— L —b—%%2E2D L

WH=2-0sH:As + ofH- Af

AbH

hfp

AhH

ofH = Ef - ——
hfp

osH=Es-

LoT
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WH=2-Es-AhH-As+Ef-@-Af
hfp hip
_(2-Es-As+Ef -Af)- o
hfp
ARH = WH - hip
2-Es-As + Ef - Af
PH - Af - hip

T2 Es-As+Ef-Af

FRRERICIN T
_ PL-Af-hip
2-Es-As+ Ef - Af
M—8 L 0EFL2 a TIREEM L%, EER2HOT 4, ERL— T L— bBFET LD
TEDOAEFOMUEA2 X
PH-Af-hfp  ,  PL-Af-hfp
2-Es-As+Ef - Af 2-Es-As+Ef - Af
FECEFAL2b (M—11) TRAERM 25, EEML1XMO7 10, b= h T L— b3
T BDOTEORHOBUEAN2] X
PH-Af-hfp PL-Af-hfp
2.Es-As+Ef-Af 2-Es-As+Ef-Af

Ahl2 =

Ah21=2-

Al. 2 #HE
Al. 2. 1 EFTN2a
EFALBRTEXE 1mET 5 GHEBRICTERSR.
51 ESHP1 (Pa) =4. 37X 10°
T4vEELEAL— L L— FEE—HOAFH hfpm) =1.7X107
CrTC. EFALRRBITE T4, BEARAV— S L— XD z FRRA Ahl (m) X
EFN1FEMBEL Y UTIIKRD D,
Ahl = Ahlu — Ahln
Ahlu: EFL 1D EEEAL— F T L— b EDHROENEF EMARATE L] (m)
Ahln: ®FNA 1 OFEE/L— b7 L— b ERDEROEMEF EMMBEHTE ) (n)
I - C. FEMMIHER LY.
Ahlu = (4.40 + 441+ 4.44 +4.50 + 4.60 + 4.77 +5.02 + 530+ 5.52 + 5.89 + 6.27
+6.63+696+724+7.44+757+7.61)-107 %
=5.798x107’
Ahln = (=2.07 - 2.03-1.90-1.70 - 1.42 - 1.09 - 0.707 - 0.285 + 0.237 + 0.624 + 0.879
1

+1.02+1.09+1.14+1.17+1.18 +1.19)- 1077 5T

=-1572x107°
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-7,
Ahl = Ahlu — Ahln

=6.0x1077
LoT, Z4VEEMEY 7R (Pa) iX

Ef=1>1-h—f%

=1.238x10"

¥, =349
YA K- ER As (m®) =0.02
EXL— N L— MHESFEE Af (m?) =0.890
YA FA—$¥ 7R Es(Pa)=1.2 X 10"
& I EAE F7 PH(Pa) =6. 24 X 10°
{EEARIE S PL (Pa) =1. 87 X 10°
XoTETFN2aDT7 4, BRL— L= 30BHED Oz HFRHBCARNZMIZ, ALl. 1
LY.
PH - Af -hfp +2-PL - Af - hp
2-Es-As + Ef - Af
=9.545x107"

TIT, T2 a 240 2 HAEA AMMam)it, Ah12 (ZE S L— T L= bSO 2 ST
AL Ahlpm)Z 7= b D TH D, AhlplTAhI2 IZHAEFIT/NSWVETH Y | HHHICET A
1 FEMMTEL V LLTFIZRD B,

Ahlp = Ahlpu — Ahlpn

Ahlpu ; E7 V1 BN L— M7 L— b B #Ei RO 2 FEM fi#TE F5(m)

Ahlpn ; 7V 1 T/ — F 7 L— h TURLEH R OEN & FEM AT ) (m)
ZZTC, FEMMBITHERLD,

Ahlpu =(-2.07 - 2.03-1.90 -1.70 —1.42 —1.09 - 0.707 — 0.285 + 0.237 + 0.624 + 0.879

+1.02+1.09+1.14+1.17+1.18 +1.19)-1077 %

Ahl2 =

=-1.572x10"%

Ahlpn =(-2.09-2.05-1.92-1.72-1.44-1.11-0.744-0.365+0+0.229 +0.510

+0.764 +0.940+1.04 +1.10 +1.13+1.14)-10_7-1L7

=-2.698x107%
£ oT,
Ahlp = Ahlpu — Ahlpn
=1.13x107%
£oT
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AhMa = Ah12 + Ahlp
=9.658x1077

Al. 2. 2 ET/L2b
MBI EFA2b DT 4V, BARAL— L=k 3xtH Y Oz FRHET ARI(m)iX, A1.
18i&9,
2-PH - Af - hfp + PL - Af - hfp

2.Es-As+Ef - Af

=1.372x107

I TEFAL b AD z FIER AWMbm)iZ, Ah21 [ZESL— R L— bSO 2z FAE
{7 Ahlp(m) &M Z 7= H D THB, Ahlp iZAh2L ICHAFFFINSVETHY | BHHICET NV
1 FEMEHEL VR B, ATEIRERIC,

Ah21=

Ahlp=1.13x107°

£ T
AhMb = Ah21+ Ahlp

=1.384x107°
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BEGE— 2 - NEMEMRT (E7v4) LIRMET (E7v 1) OB

< L0=1.6——>

P :ANE

Fh : 7L —ENnL055RYICL DT
1 AERHRBIR S

ox: 74 AR x FRISA

oxh:Fh 2L 57 ¢ ARRHES x A1

N2
Z oxp: PIZ& D7 4 AFRES x FHIG
7
x

FA2—1 EFINAT120NIREE

A2. 1 zKHrEH
ETFNALETNIDT 4 Dz FRERKIENIOF EMEHER b8+ 2 & K—7,
M—224&9
O _ 44.8(MPa)
Opnx  50.3(MPa)
=0.89
Opuax ETNVAT 4 z FFFx KT F EMENTE (MP a)
Opnx T ET V1T 4V 2 HARKIES F EM#TE (MP a)
IZITH—-20, I—5XVEFAALEFNIOD z FARTREY LTS &,
Apuax LO-L1
Ak L0
=0.88
Ak TET V4 2 AR EE
Ak CET VL z B RATR
PLES Y MTTE—E L, TV 40 z FRISAIN/NEWEEIT z FHSSmi EA R mE
BINSWNWLTHD ENVRD,

A2. 2 I—¥RIEH
I—BRIENE z FRUSINZEERBET A OENPNEN, UTICFNEERTS,
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I —PAEHIEEC A TR T ENRTE D,
G =0, — O
Omi X —¥ 2 }I(MPa)
o,  BIRSIES (04,04 ,0,) @D HEHBREVIEA ST (MPa)
oy (BISHREY (00,04y,0,) @D B /NS 2SS (MPa)
TFN4, EFALRBVWUIN-—22, I—-7XY
0, =0,
Op =0
FPFEFALOT 4 MEREOI—BRAENhEEXD L.
Cmimit = Camit ~ CxMit
S oam | ETIVND T 4 AFRHEE I — ¥ 25T (MPa)
6 g | ETIVNOD T 4 ABRHER x T 175 F)(MPa)
O g ETNVND T 4 AARFHER 2 F7 ST (MPa)
T TH—7 &0, EEEC
S = 0.10 01,
o, I—EBARIENZ

O it =Cam — 0-10 a0
=0.90 ,

RICEFNADT 4 AR I —P RSN EEZDICHIZoT, ET N1 & Dz FIUSE
T4 BNz FRISHETRESED E, A2, 1HXY

S auar = 0.89C ane
Fr.M—22, R—7&v. 74 AMERERIZEW T

St > O e =0

(BRI, =747 4 ARSI B < ERENFEIC L2 NEBSIR L EX 60D (KA

2—1 ﬁﬂg\) o
£-T
O mimat = O amat — O xmar

=089 4, — 0
=0.890

LoT, AEEHEILLBAEFNALETN1IDI—FERAENLRm I
_ 0.895 5,

™ 0.90 0

=0.989

I L BEFAA, BEFAIDT 4 HRLE R —BAENHE Rmdd, ISR T 4
VEREHTRESESE, B—22, I—7XY
_ 47.5(MPa)
mk ™ 48 8(MPa)
=0.973
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| 0.973 -0.989
0.973
=1.6%

L2 EOETIAE,

|x100

UEEY, SHESICELTITEFAVA L VETFAIBREVR I —FPREHTIZITSE LVWE
HiZ, 510z FRAAFNEEBRKEWVWI L. RO EF714 7 4 ABRRERICE) < EREE DA
BHICL AR THEBRSIENER L CWWBEWLD,

— 100 —
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BEER— 3 - MHEHEICL 5 F EMANHE (£E714, £7/5)

FEM%ﬁwﬁ%ﬁ%ﬂﬁﬁétb\%?»4&@%?w5uow1\Mﬂﬁi%mwttﬂ
L hFL— ML, 74 L HOOESHER T, B, 74 VIEZE L TIRARREN
EMTHVEBIHERITY 2 ENRBETH /22, AME TIRIEE AEoT,

A3. 1 F5/14
A3. 1.1 EXL—FrFVL—FEA
(1) fHSFHE

sM——————2 1———— N0, 55<‘

ko saﬂ
/«-’——\

! : | 5

g z u 5 WHO
tPrreet TEEERERE

“ TT 4. 3TMPa T 4. 37MPa

s +

1.1 —>

I
i

~

] wBHC
4

trrtt

4. 37TMPa (mm)

E—ZO@?NV“Ffv—F%@\Lﬂ@iiﬁ“ﬂﬂ%?w&%iék\:ﬁ@ﬁ%@i

ZOMABEDOEERETE D,
1) O
9, BHOIZIBWT,
P ; WIERE(Pa) P=437x10°
b; EAL— 7 L— FRITE(m)  b=094 (K—3(24D)
d; EfL—F7L— MNEZ(m) d=05x10"
w; x RS Af E(Pa. - m) w=P-b
=4.108 X 10°
E; ¥ 7 %(Pa) E=120X%10°
Izb&
1 BidE —RE— A > Mmb) 12
=9.792x 1072
1 ; #AHEE(m) 1=2.1x10?
LT, BMODE AL — T L— FEHAZT] (m) 1T
AZT1=W'14
384 -E-1
=1.771x107"
2) H#MQ2

— 101 —
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TIZEM I BN TIX

d; ¥ —F7L— FE & (@m) d=0.7%x10?
I b-d?
I; Wi —kE— A2 Mm® 12
=2.687x107"
1; AR &(m) I=1.1%x10°
MiZ1) R THEDT, HHMODOEARL—FFL— FMERAZT2 (m) 1
4
Azt =1
384-E-1
=4858x107°

PLEXY., BEAL— N L— BRI,
AZT = AZT1 + AZT2

=1819x1077

(2) FEN##iT
Uz120001 ; K— 2 O OEIAEE 120001 (2515 z FAEMEF EMARATIEm)
Uz120001=3.8536 X 10"
Uz120017 ; K— 2 0 OFi A& S 120017 123860 5 z FAENMEF EMAEFTE(m)
Uz120017=7.1314 X 107
L oT, #/8b— hF L — MNMEAF EMAATE AZA 13,
A ZA=Uz120017—Uz120001
=3.278 X107
(3) ZEAZ

(AZA-AZT) |,
AZ

EAZ = 0

= 44.5(%)
(4) 7
f#i 5 3 BMEIZ LLRF EMAATMEDBAMER K EV, ZHEMSHECRW X, miReLEE
CEZHBEINTRVBMESHIZEEL LTWAY, BANNEL ol tEZbNS,
F EMARHT R 0KV Tid, 23— b L— FED z FROEMIIBREh TR,
FERBETHAET LN 2 FREHRKT 5,
£oT, FEMAEIIRYREREZTRL VWD ENZ S,
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A3. 1. 2 7480

(1) fiS#HE
(mm)
M—-2007 42X, EROL S IZHHKHSIRRLBETE D,
P ; WNIET &E(Pa) P=437X10°
_ 63-m
6 ; 7 4 AR (rad) 180

=1.1
a; EAL— hFL— FHEHx FAESm) a=1.6X10°—02X10°

=1.4X%x103

b; 74 RiTE(m) b=0.94
d; 7 4 »1E(m) d=02x1073
1o; SHMERER T 4 &K X (m) 1=0.791 %X 107
F; 7«4 5138k (m) F=P-a‘b-cos 6

=2.611%x10°
E; ¥ 7 R(Pa) E=120%10°
A ; 7 4 B RETEHE(m®) A=b-d

=1.88% 10"

F
ep; T4 VR °F =1_\-—E
=1.157x107*

o T. EERRE T 4 PO AITm)IE
AlT=¢5 1,
=9.154x 10"
(2) F EMfi##r

Nx70019 ; — 2 0 O AES 70019 (BT B ENLATD x 7 [R)H#EEE(m)
Nx70019=9.8245 x 10"

Nz70019 ; B— 2 0 OFEiAES 70019 (2 AELLATD 2 7R (m)
Nz70019=7.4472 % 10"

Nx70009 ; K — 2 0 O AES 70009 (23T B ENLATO x J7[EEFE(m)
Nx70009=6.2755 X 10

— 103 —
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Nz70009 ; K— 2 0 O SES 70009 (Z31F B EALHTD z 75 17)EFE(m)
Nz70009=1.45528 X 10~

Ux70019 ; B— 2 0 DA S 70019 (23617 5 x HEEMEF EMAFHTE(m)
Ux70019=-7.3999 % 10°®

Uz70019 ; — 2 0 DEiAES 70019 (231 % z FEEMEF EMARATIE(m)
Uz70019=1.0242 X107

Ux70009 ; B— 2 0 O AES 70009 (28T 5 x HFHENEF EMAEHNTE(m)
Ux70009=7.3092% 10"

Uz70009 ; X — 2 0 O AES 70009 (281 5 z FAEMEF EMZYTE(m)
Uz70009=3.9253 X 10~

Lo T, 74 UHUOEF EMAZHE AlA@m)iL,

ALA - [[(UX70019 + Nx70019) - (Ux70009 + Nx70009)]2
+[(U270019 + Nz70019) — (Uz70009 + Nz70009)]?

- J(Nx7oo19 — Nx70009) + (Nz70019 — Nz70009)>
=1.939x1077

(3) ZEAI

(AIA — AIT)
AlA

EAl = x100

=52.8(%)
(4) M
% 5 BRI L~ ATE D UENR K E VY, ZHTF EMEITROERICBWT, BiFERD
EALINMEINTWAZEREREZZ HNRD,
Lo TC, FEMBWEITZYREREZTRLTWABE VRS,
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A3. 2 ETNLS
A3. 2. 1 EARAL—FFL— bER

(1) MWHHE
_—
2 / 1.40 —>
LA [ttt —_
4. 37MPa | g
] REERE
4. 37MPa
z :
Lx «—1.40 —>] (mm)

HM—230E A L—hr7b— 2, EROL ) KHRBEERLRETE 5,

P ; NIEFTE(Pa) P=437x10°
b; EANL—FFL— FMRITEmM)  b=094
d; /L — b7 L— MNEX(m) d=05x107
w; X J7 ) 53A f E(Pa. - m) w=P-b
=4.108 X 10°
E ; ¥ 7 %(Pa) E=120X% 10’
I b-d3
I; B —KE— AV M) 12
=9.792x107"
1 ; BAHEE(m) 1=1.4%103
LT, EMODENRL— S L— MEAAZT (m) X
AZT = w-l?
384 -E-1
=3.497x107
(2) F EMSfi##T

Uz2230017 : — 2 3 OFiAEE 230017 (286 5 z HFRENMEF E MARATE(m)
Uz230017=3.5090 X 107

Uz230009 : [— 2 3 OEiAEE 230009 I236i) 5 z FRENMEF EMAFHTE(m)
Uz230009=2.6656 X107

yFoT. L — 7 L— MEARF EMATIE AZA 1T,

A ZA=Uz230017—Uz230009
=8.434%x10°
(3) 2ZEAZ
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EAz - (AZA - AZT)
AZA

x 100
=58.6(%)
(4) 7l
5 HEEIC R F EMTMEDBAEIREZV, ThbA3. 1. 1HCRAULEEHE
BWTiX, M2 TREEEBEZHEINTWA I ENERREEZ L LND,
XoT, FEMAMEIIZYRBERETRL WA EWVWZ S,

A3. 2. 2 74 BW

(1) WBHE
|
ttt L
ag e |
L.,
1.6 (mm)
M—2307 1 ik, ERO LS CFMRIRRLKETE S,
P ; NER H(Pa) P=437%10°
a; E/L— hFL— MNRES x HHEEm) a=1.6X10°—02x10>
=1.4x10?
b; 74 BITE(m) b=0.94
d; 74 ~tE(m) d=02x1073
lo; FHMEXERT 1 R Em) 1=0.8 X107
F; 74 UBI8RAN) =P-a-b
=5.751 %X 10
E ; ¥ 7 #(Pa) E=120X10°
A ; 7 4 B RETE#(m®) A=b-d
=1.88%x10™
F
s 74V 2 FNES “"TAE
=2.549x107*
o T, FEARE 7 4 B AITm)i,
AlT=¢¢" 1,
=2.039 X107
(2) F EMM&T

Uz180009 ; K— 2 3 OEAES 180009 (Z351T 5 z FRAENMEF EMAETE
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Uz180009=2.2739 X107
Uz80002 ; [M— 2 3 DHiAES 80002 (B 5 z FAAN & F EMARTE
Uz80002=4.9326 X 10°®
L oT. 74 vHOEF EMAATE ALA(m)IE.
A1A=Uz180009—Uz80002
=1.781 10"
(3) £EAI

(AlA - AIT)

EAl = x 100

= -14.6(%)
(4)
%5ﬂﬁﬁuw&FEM%ﬁﬁ®@UﬁméwD:nm\%fw4(A3.1.2%)&@@
@@f%éoE@kbfu%~m\x%%wsm%%w4;074Vﬁﬁﬁmaottw‘74
V®ﬂﬁﬁléﬁﬁﬁﬁ%<&0\FEM%ﬁﬁﬁﬁ%<&6§®ﬁ%<&ott®&%i6n
5,
é%ﬁ%iﬁ‘FEM%%&@E%K%me\747HH&%K£6<&E\tﬂv—h7
V~bmﬁmi0xﬁméﬁﬁmﬁénﬁam<<ﬁb\%@ﬁ?yym%%ﬁzﬁmmﬁﬁu
X B, ZTOTHF EMAED BB NEL Rot B DBND,

FoT. FEMBATEII RS REREZRLTNDEEX D,
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= #l7z v =7 A N vt 10° | # #w G
MOFRE |y v v ¥ K FEE T 06| 2 A M
Yy H B W mol FTERBA (o 10° | “ k
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