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Test of High Temperature Fuel Element (I)
(Test Section for VHTR Fuel)

Norio AKINO, Yasuaki Shiina, Shin’ichi NEKOYA

Takakazu TAKIZUKA, Koichi EMORI, Konomo SANOKAWA
and Yoshizo OKAMOTO

Division of High Temperature Engineering,
Tokai Research Establishment, JAERI

(Received October 22, 1980)

Heat transfer ‘experiment to measure the characteristics of a VHTR
fuel in the same condition of the reactor core was carried out using
HTGL (High Temperature Helium Gas Loop) and its test section.

In this report, the details of the test section, related problems
of construction and some typical results are described.

The newly developed heater with graphite heat transfer surface
was used as a simulated fuel element to determine the heat transfer
characteristics. Following conclusions were obtained;

(1) Reynolds number between turbulent and transitional region is

about 2600.

(2) Reynolds number between transitional and laminar region is
about 4800.

(3) The laminarization phenomena have not been observed and are
hardly occurred in annular tubes comparing with round tube.

(4) Measured Nusselt numbers agree to the established correlations
in turbulent and laminar regions.

Key words; VHTR, Fuel Element, Heat Transfer, Transition Region,

Laminarization Phenomena, Graphite Heater, Helium Gas
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a) Overall of Test Piece

b) Welding Part

Fig.4.2 TFabrication test piece of attaching the W-Re
thermocouples on Ta heater surface
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Fig.4.3b Thermocouple welding (0ld method)
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DY GRAPHITE PARTS

ALUMINA ELECTRICAL
INSULATORS

AN

HEATER
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UPPER MIXING CHAMBER FUEL TEST SECTION
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CONNECTION HEATER FLOW RATE ~a0g/eee ]
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BY N A "B é | | 8
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7 - TEST HEATER TEST HEATER |
2 B~ eIl COMPENSATION HEATER g g
s y | _GRAPHITE CHANNEL N 7 8 8 SPECFICATION OF TEST HEATER
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Y (kNG ‘ GRAPHITE CHANNEL _ \C~(C SECTION TYPE m
| RN - PYROMETER WINDOW  ~ i\oeNcATION HEATER ’ | ELECTRIC POWER MAX. 30 KW
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C Ry S o e A3 BXIT SRS, SURFACE TEMPERATURE IMAX. 1400°C
P g /iy e e OUTER DIAMETER 34mm
mﬁg CHANBDER - _ 0 W K HEATING ZONE LENGTH _|1000 mm
(R 8\ EXIT_COOLER WOENTR TOTAL_LENGTH 2400 mm
® TARRTRN. s g
HEATER |BUS i NN | \ \\\\W HEATING ZONE_MATERIAL [TANTALUM
CONNECTJIO N\ f | Nt BUS ROD MATERIAL  [MOLIBUDENIUM
s VACUM LINE N THERMO-COUFLE MATERIAC | W-5*ReMw-26' Re.
RN 1/ = NoZZLE PYROMETER NN -COUPLE NUMBER
e =% NN THERMO 6
9> o 0T @ WINDOW /.
‘ : N R
HEATER \ SPECIFICATION OF COMPENSATION HEATE
LOWER CHAMBER\ D~
COMDENSAWT%N HEATER DD stcTion TYPE 7DIVISION RESISTANCE HEATER
8 THERMAL INSULATOR HANGER RODS ELECTRIC POWER ___|MAX.14 KW
N \\\ \\\ EXIT COOLER TEMPERATURE MAX.1100°C
AW -
COMPENSATION HEATER Q‘\\\\‘ —_\\\\ X) i HEATER WIRE MATERIAL |KANTAL - A
REFRACTORIES .);:-‘\\ _.x\\\\“\\ INSULATOR MATERIAL _|ALUMINA
Y, plugi—

SRR

N4

Fig.5.1 High temperature fuel test section
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(a) High temperature (b) High temperature parts ek
parts composed of mantled by guard heaters () High temperature
graphite and HK—40 : parts wrapped by

ceramic wool

(d) Insertion of high temperature (€] Test section after assemblage

parts into pressure vessel

Fig.5.2 High temperature fuel test section and its details

— 35 —



JAERI-M 9194

(h) Lower mixing chamber {1) Lower mixing chamber
with guard heaters

(i) Graphite channel
equipped with
W—Re thermocouples

(g) Lower space of test section

Fig.5.2 (Continued)
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Fig.6.2 Flow sheet for 2nd performance test
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Fig.6.3 Conditions during 2nd performance test
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Fig.6.4 An example of temperature distribution and heater input
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Fig.6.5 Temperature distribution of high temperature fuel test section (1)
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Fig.6.6 Temperature distribution of high temperature fuel test section (2)
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Table 6. 1 Experimental conditions of preliminary measurement
NO. |RUNNO| # & |g’s m m| AOVAEE| BO#REE c—5-Ah| mass
1 4 |966%m| 36a°C | 370°C 370°C 0 kw| - %
2 5 96. 3 757 * 650 740 15. 2 82.0
3 6 95. 1 980 800 922 20.3 82.6
4 7 93. 6 1022 850 971 19.0 86. 2
5 8 65. 0 1032 825 976 18.0 78. 17
6 9 93.6 838 840 847 0 -
7 10 90. 6 762 600 716 21.5 70. 4
8 11 96. 7 631 400 560 25. 3 88. 5
K7 : 40.0kg/c®G (7272 L, RUNS5 O 40.5kg/ cm*G)

EEBERESOETIIKLL

80
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P
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4x10° 6x10 10 2x10
IRV E

Fig.6.7 Experimental results of heat transfer coefficients
measured at preliminary test
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TIODELEODVTERT AT LEHFTOERMNLNEE DN S,)

LA /v Z3000~4000 DRIDT — 2 H SHMHT % &, BBERICHE VT LYHUBEORBIEIL
WEDBHTHEEHEINDS, CORICHOVTOEDRIL, LOBEBEOBSOAIEAT - T
ASGLICL3EBRERFOLEMNDS D,

BREROVEEMEIAEO/KRICLSE, n (Widn)=0&3h T3, Fig. 7.9
DL A /v ZE 2300 ~ 2500 8L DT — 4 B—FK LT3 DiF, BREBICENTHE L &
IBRFENELET B LERR LTS DL Ebh 3,

E->T, VA /v XHH 2500 ~ 3000 ORI OMMME ICX T BFIESEIKD & DOH 5 @H O
bOICYOEDOE T EEZEZRINERSIN, CORICHVTS, SGLEFA WIERIC
L-oTHRPALTITCHELTH B,

BiLRRI, SHOXKBROBHENTHEHRE L TRV LN SN 3, ERES 29~31
OMBRAL, HETRIERAIRET ZLEZIONBRBCBREINTNS, LL, &
NoDF -4 MORBMH T, BICBHRARARRIEELTES T, L1/ LX5000 B LT
OHREZZCETHAEBBERICHE LTV DEERZNETHS I,
UEkxgensd &,

1) 2E&KOEmME LTIR, L1 /v

C 2500 ~ 3000 JLIFT /@i
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B
ELHE

Donne DR IC—¥KT 5,

@) RRKETI, IERBICH~NDS &, BRICERNREE LIS WEA DS,

Table 7.1 Experimental conditions of data shown in Fig.7.9~7.10

. GAS TEMP, °C REYNOLDS NO. (Tw/ Tg)
SYMBOL | RUN NO. =y o1 T | INLET | EXIT | MAX MIN.
D 13 396 602 2864 2532 1.20 1.18
O 17 596 812 4820 4330 1.16 1.15
e 18 600 798 3604 3260 1.14 1.13
(@) 19 603 790 2674 2429 1.14 1.13
O 20 618 811 4730 4300 1.14 1.13
[ 21 803 1011 7812 7159 1.13 1.13
@ 23 808 994 5055 4666 1.12 1.10
4] 24 804 1002 9656 8881 1.14 1.11
(&) 25 215 535 9385 7469 1.49 1.37
() 26 214 524 7505 6000 1. 46 1.36
© 28 210 520 5626 4610 1.43 1.37
1) 29 219 532 4675 3681 1.47 1.34
@ 30 206 532 3820 3025 1.44 1.33
() 31 203 523 2880 2290 1.41 1.30
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Fig.7.1 Experimental conditions of high temperature fuel
’ test section during lst operation of HTGL
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Fig.7.3 Experimental conditions of 3rd HTGL operation testing
graphite heater (Roughened surface type)
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Fig.7.4 Temperature distribution of tantulum heater
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Fig.7.6 Comparison of first test condition with flow regime
classifications as determined by other authers
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Fig.7.7 Temperature distribution of graphite heater during
high temperature operation
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Fig. 7.8 Surface of graphite heater after high temperature
operation
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Fig.7.9 Nusselt number of annuli determined using graphite
heater rod (1)
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8. mLSBORE

ABEEA~Y v LK 2L —7 (HTGL) KERBKHARGKER O, SENERLT AFO
L EE—DRME, 1000°C, 40 SETHRBMBEREZRET 5 T LKD) L1,

sy, RUBVERMIMET 5 MEHES il LomBGKERIEL, 2heh, FLRe%
SLRHTH—BEORBET 120 4 VEVIMREKOBEIE, BB7 2L ORHABICES
BB EVSMEANEOPEL -1, BHMBEEER D L, REZOMERLR D
HEOEBRRIC—HK L, AEEELER SN, TUbhL, FLRETERNICENE S EH
m#k DI R HR ST,

BMBAOKREIC LS &, AEECHALTUTORENB LN,

1) LA /L ZEH 4800 Ll EREAFKOERRIC—FK L1,

@ LA /L XEHHI 3000 UL T CIRRBER O/t %R L1,

@) L4/ XHH3000 & 4800 ORYIIBBHEMTH D, AWM LBHROFHOMTSH -7,

@) BMFEEA A LT OBSBHLHSEMR 72, BREBOBA I3 AR C L TERL
BgRa LI,

ST,

1) SCGLERAVIKERICI-T, LOBEORL, LOLEVRHTOT - 445K, EEEM
B#ERETEBILHIEENT B,

@ AZBROHWIL, @FIZEHRFHERMBEHTHS L, DADBIZZ R —H —HED
FONTNAC &, (OBEHEDTHE, Hikat " RBEF 7 (M LTHD , HICHBRES 3mm
T, BEORHTHELENLBILETHD, -, SROMERE LTEZLNS D,
D) BFRHE S ST B R TOERABEY
i) BEOZXR—%—OFR, BHRRCBEERBEREER LIERARE T
i) MARK — I &t iCHef U 7o S0 B MORHEE IC & B RIEAR
V) BHADBREHEIC X 3 ETRR LN
THb, i), DICAALTIE, SGLAEALT, BEETI. V) ICEALTIY, 4% HENDEL O
TITEREN 3, iDL TIE, BNEEREEORIRE £ —FER L1,

8) BEMILBRIT — 2 OHNC, MEEOBIS OR LM ICET 5 EMMB OBRE 61T
HENH B,

ARBRGEORE, WECHL, NIBETEKRRSHEFN2E, $HIM, SARELKREZR
LHBL OF 4o OBBI LARSEIER, BELR VO, T/, ERICHAL-THE, RF
PI¥RCRABHARZLAOHNEB I, CTKELT, BREOHEERT,
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