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Core Thermal Design of the Experimental

VHIR Detailed Design Stage T

Kunihihe SUZUKI, Motoh FUMIZAWA,
Mitsumasa HIRANO and Yoshiaki MIYAMOTOC

Department of Power Reactor Projects, JAERI

(Received October 21, 1985)

This report describes design conditions, design criteria, design
method, design data for core thermal design of the experimental VHTR
detailed design stage 1, and the results of the core thermal and
hydraﬁlic characteristics.

Results are as follows:

(1) The maximum fuel temperature is 1311 °C nominally, and 1499 °C when
engineering uncertainty factors are considered through the core
life time.

(2) The minimum Reynolds number in fuel channel is about 3750.

(3) In the above conditions, no failure of coated particle fuel occurs
by kernel migration and the increase of inner pressure with burn-up.

(4) Coolant pressure drop in the core is about 0.07 kg/cm” .

Keywords: VHTR, Core, Fuel, Flow, Channel, Fuel Temperature, Detailed
Design, Block, Temperature Pressure, Helium, Burnup, Thermal

hydraulic Characteristics
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Table 3.1.1 BENRTLKTIESTT

1. Coolant Flow and Coolant Temperatures

Reactor irnlet temperature 395 °C

Core inlet temperature 400 °C

Core inlet pressure i 40 kg/csz

Reactor outlet temperature 950 °C

Tctal flow rate in reactor 17.4 kg/sec
2. Thermzl Powers

Reactor power 50 MWt

Hear generation in fuel rods 47 MWt

Fraction of heat generation in core

Compact & sleeve/graphite block/others §4/5/1 %

3, Fuel Channel Dimensions

Diameter of fuel rod hole 56 mm

Inner/outer diazmeter of sleeve 36.3/46 mm

Inner/outer dizmeter of fuel compact 18/36 mm

Length for caleculation cof pressure drops 700 mm/fuel element

Length for calculation of temperatures $59 mm/fuel element

Number of fuel channels 15/fuel element

4. Thermal Properties

Thermal conductivity cf sleeve Function of temperature

and fast neutron gdose

Thermal conductivity of compact 0.03 ¢cal/em s °C

Emigegivity factor between sleeve and 0.8
compact '
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£, = AU -—TAH{HB, g, =08 (=)
D, = av/Ng AR (cm )
D, : RU-—TAHZE (cm)
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R EBHR) T EASEMT AT LR E S EFEE o FEH 0I5 TH S,

5.5 BT OEEHF-F
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JAERI—M 85 —187

— 297821 X 1077 £+ 118391 % 10 ¥ ¢!
— 173550 x 107 ¢°
LT, ko BYER (cal Sem s T)
ko : ” (=028 cal /cm s -C)
t o IRE (C) (20=t = 1400 )
B A %
Fig. 5. 5. 4 iORg H 451 B0 7 -7 2 H 0T, RATIHRT 5,
ki
X - koef (t) (E)
() eLcr, Hisl OBHEDHESE, ki SRANOMEEE, knOLER 5.
HEAEME - 350 ~ 1400 C
& & < 8x10" nem® (E 2018 MeV )
(2) B
() Bz -7
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MR — T EDEOE v o TELLMITKELBERLILHL, KRADIHKBHBICL ST
0% DEMET L,
a=11@ @
22T, ey VR THE SN RBHGOTHRWEERTH S,
() EEREFERVERS VFLT7oy s
EERFEAEE LT, BEBEESN TV A PCX EROPEARE EROERKERE %
Fig. 5.5.7T W d o HETFHNRERKDED TH b,
@A ey = a -y (1)
5 ey = o -ty ()
foti L, all = 22x107°% (1.7C) (20 ~4007C)
o =26 x107% (1,7C) (20 ~400C)
fr(t) = 0.667325 + 910602 % 107* t — 2.04427 x 1077 ¢



JAERI—M 85— 187

fa(t) = 0756582 + 633741 X 10 ~* + — £.32008 x 10 ® t*
t D RE (C)Y. 0=t = 1600
@) 5 R
4o BB TR 1 DIBHE 3 IR (R0 Fvick 5HLY) % Fig, 5.5.8 054 .
PT02~06 LEVSCHERDF 5 G RU @) &, ~1 o074 » 7 BROEDTH
D, EBRFIKAGIENEEIRETHLOTHRA LTEZ, 2 (OHERIZ 08 &4 4,



JAERI—M 85— 187

(POY 12U YSNRIYOS ) S ¥ 2 (1 £ Ar — DI

(s i)
NVEAE M ORI OBE Il D]

2766 "81g
nouv amijeiadua)  JusWSMSEIN
00%1 0021 0001 008 009 00¥ 002 1]
T T T T T I
— —
v
i \v
= =570
| | 1 1 1 1 Oﬁ
(01) YEK O X PV e 0r1¢1 ~0901! ¥
1201 X §6° 0ETT ~ 0001} WV
01 x 2L
(8) WX 17 P4 .m 00Tr1 @
_Noﬁxn:m 0601 ]
MUY ([16g<d o, ) (D) dus
aouany] Iseq UOTIRIDELT |
—

¥,

Br@skEr g QPR ¢ L0600 [HRE Bl

MEEIH RO (HLE W

FEEIE) MEWHEB ORI WOBY oIl -D 1 17676
(0,) & njeladwsa 1,
0021 0001 Q.uw 009 00y 002

T T

@@@W.ﬂ,

ﬂ *
.ﬁ
U

L ‘ (01 Wx v
(Bralv b & {220

(6) @YX o
(@ [l G ok iRt

(§) WX a

L 'l 1 1 1

*81a

10

20

£0 .

(O, 8Wy/ [e0 ) ANAQINPUOD  [BUIA]

— 29 —



JAERI-M 85— 187

1.0 T f T T T
Fluence = 3 x 10% n/em®

091 (E>29€]) i

0.8+ =i
.1_:.;
e 0.7+ _
5
1
[
(o)
N 06k 4
= .
Q
(w9
z 05k .
Z
b
=)
-
5
(5] 04 b oy
&
E
g
< o3k -
3
=]
=
;\ 0.2 _

o IG-110 X (8)
H—- 451 . Design  value
0.1r --—— ATR-Z2E : D&sign( val ue )
1 ! ! ] I |
200 400 600 800 1000 1200 1400

Irradiation (=Measurement ) temp. (C)

" Fig. 5.5.3 IG- 10 ESROMCHBOBHEEKGEY (BHH)
ESEREM OB Eg & O &



JAERI-M 85— 187

HEETHERO (WYY “HIEHY) UL V: A L R

(1pElll -31d-150d) AUAIDNPUOY [BWISY] JO 03 /Yy

Y ERORN B Gk OB 01T D1 ¢ cg -S1a R MBI @ sl 2 W 0 U 01 =0 1 v7ste 19E
(0, ) dus] (JUSULINSEI =) UONeIpRLI |
00¥%] 0061 0001 008 009 om:u oomo
T T T T 1
noov aanjersdus |,
00vI__ 0021 0001 008 008 00V 007 0 - LOIXZE 0000 0001 ¥ O 140
(AFNBI0<H ‘WD Uy 3InSBa|y '1pell] ¥ ¥
(01) ®X < i soudn]y () aImyeladwa], 170
- (Exa= @ 1 7 Y00 =1 (g) Wy Blep [elUauIlIaxy
(6 #X o
i (Fh QR V1D 1y - 1E°
(8) WX o =
5
Oy - 4 ¥0
N _0 ] :
o0° ; -
o :
1o a1y ud1sa(]
- - O
4 2! |
(@]
4g m_ - 19¢
N
aaInd  udisa(] e}
[ 9
[ (ANST0 <D /Y 1,0
B -9 a0Usn [ .
FUO UL 01
» 0¢ g
L —1L 02 #o
S1
o1 .
] | ! 1 | 1 I L - 60
9
1 ﬂ {

01



JAERI—M 85— 187

T T T

{ T

Temperature (C) Rt Design value
er.
I rradiation Measurement /
01—
Ol 1075~1095 | 20~ 500 .
° . 20 ~ 1000 | < (8) .
A 1070~1200 20 ~ 400 .
3 =]
L a | 1070~1210 ” Sk (100 o o
® ®
®
s | ! !
' ‘ ~0 © —e- ®
~ 0 1 . 2 3
l“.'!o F 21 2 hd 8
| ast fluence (10 n-to’, E> 0.18 MeV)
| = L ]
~ L Q
[#]
~0.1F
A

Fig. 5.5.6 1G— 110 RAOTHMERFHOBRRRKFE EHE) OHFELERE

T T 3 i T T
1.5 F =
- R -
o Radial gl -
(- //
i el
g <
-t ,/
& 7 ,\ijal
s 7~
¥ 1.0 =
X 7 |
n o o (20— 400) (1/°C)
o - Radial = 2.2 x107®
s
S Axial =26 x10°°
0.5 i
1 1 1 I 1
) 200 400 600 800 1000 1200 1400

Temperature (°C)

Fig. 5.5.7 PGXEHOFHBEEREKOBEELE (FitHE)




JAERI —M 85— 187

NORMAL
TOTAL

EMITTANCE OF

CARBON
(GRAPHITE)

|
l

|
I

Fig. 5.5.8 #MEHOS CHEHCD (@RUQORBIZITT B TH DRI L TEATEAL)

i33 —

! r ‘
s

2200 2400 2600 2800 3000

2000

[Z10]¢]

12

200

TEMFERATURE, K



JAERI—M 85 — 187
5.8 MO/ POREET -4

BB T oy b id, AR Bmm, WE1Smm, &S 8 mmOp7EAE T Y, Bhkttod
IR 920 ¢ OB BEER T2, WA BRESNT 5,
1) #zER

ABHBOMNET — ¥ OF%, Fig 56 1Itnd, #HEBRNN TOREBERNERE(LE L,
Wﬂﬂ/ﬂ9b®ﬁh%4@ﬁbﬁéitﬁbﬂéom&¢#?%%ﬁ®ﬂﬁT 5 D%
ngsztfﬁo mﬁﬁ%T —sicEnid, BEEEICE SRR i@—ﬁmf%
B, 70T, ¥y s FORERERE, BERUSEMEFRENECL ST—EE, 003
cal/em *s-C &9 5, ‘
@) Rz Yo b OBERSR

B o oy b OEMEEREORERE]E Fig 5.6 31md. 2EHO0y POF—
AITH L CRD O AR ICAV S, BRICELZEBET -5 BREODT, FELY
RS

a = 11750 % 107% + 32233 x 1077t — 299418 > 10 ¥ t*
+ 15819 » 10 "B t* — 347866 x 107 "¥¢?

tRE (C), W0TS 1 = 1400
@) B o vy s R oS BHREL

Bric 7 —s oD, BRI -7 EEC08ET5

0rd Binder (wt %) ?rirélig:ckiﬁg .
N 0 | 20 (%)
Ay
012k \ N o | e 30 .
\ \\ A A 22
NN
NN
040 - AN [ : Mark- Hspec |

008 |-

Thermal Conductivity ( cal,tms °C)

002 4

L 1

1 I
0 200 400 600 800 1000 1200 1460

Temperature ( C)

Fig. 5.6.1 #¥ia o7 b OBREEROEEEKREN
(REBS X# (12))

. 34ﬁ



JAERI—M 85— 187

(HBOGEH DB : 2 — WY
Y 4 — CWUENU LMY £ 6 (4 >« ME=
oL (W= C L~ L)L (L) =

2t EENY) BWHAEEL O a2 oW €976 *8Ta
(D, ) sxmetadwa ],
0ovt S_Q 0001 Eww omm 0GP 00z 0
T

(uonedgads N ) 08~ 02,78N A =

(% - [04) VORI BunpRd 1dD,/(%-IM) PPUIG Kew
v v v
(61) ®X o o

THC L D UEsY

(2,540

[BIXY
AAIND udisa(]

(V1) “(g1) WX ‘vO:
SN[e ‘we H Yy £ HT ¢ FHE)

DHYFEWOFEDHO S £ o< CRW  279°C '8N
(D) ainjeladiua] UONBIpPELI] B
00%1 0071 8~o~ oo_m oﬂ_ﬁ omv omm 0
] !
anes usIsI( / -
[
Vv o d ° v,
—_—— [ ] —
L nlrf.dano-UI:.r 7
T - ./P
la.llPa-fDl.. ./
/. /
Mvh/
~
UonBIpBLIT-3ld . —
NN
NS
NN
///
N
#” 7 O
P U 0T X G ves
(AN 8T°0 <{H) uOnEIpEL] 4

saen]y  Z-Jdf

¢070

700

9070

800

01¢

r1a

(D, Wy-[ed ) APARONPUOY [BULIAY ],

- 35 —



JAERL~ M 85— 187
57 IZRARETEHRE

1) 2777 19 7RF
FEHERE (D) THRE LAY RFw7 4 v VR FBEFEDEICHOT, RO HP G RE
L%AT -7,

(1) AEAFEEICANS~EHEL SO, FFMEFFMLT A Lickh, &IAHE
FESTECANS,

() RERSmivhzd £ bowo0 T, HENLHILEET 5,

() HEAEHSNOLERE ) 7« 2EEEETTA) K0T 5,

(V) AEHTHRTH 7 113, NEOMRL SR DD,

BEWAEELUT IR~ Y, FERE VB B0 (D X0 EB LIaidko s

BOWThb, BEDLD, FRABEI (DO vy27wT 4 » 7R T% Table 5. 7. 1 1057,
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Table 6.1

Coolant Flew and Coolant Temperatures

Reactor inlet temperﬁture
Core inlet temperature
Core inlet pressure
Reactor outlet temperature

Total flow rate in reactor

Thermal Powers

Reactor power
Heat generation in fuel rods
Fraction of heat generation in cere

Compact & sleeve/graphite block/others

Fuel Channel Dimensions

Diameter of fuel rod hole

Inner/outer diameter of slaeve
Inner/outer diameter of fuel compact
Length for calculation of pressure drops
Length for calculation of temperatures

Fumber of fuel chanmels

Thermal Properties

Thermal conductivity of sleeve

Thermal conductivity of compact

Emissivity factor between sleeve and
compact

By NEGtic BT 3£ 2T

3195 °C
400 °C
40 kg/cmzc
950 °C
17.4 kg/sec

50 MWt
47 Mut

94/5/1 %

56 mm

36.3/46 mm

18/36 mm

700 om/fuel element
659 mm/fuel element
15/fuel element

Function of temperature
and fast neutrron dose

0.03 cal/cm s °C

0.8
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