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Heat Transfer to Rotating Plug Through Cover Gas in LMFBR Reactor Vessel
Simulation Test Using Heated Aluminium Disk (1)

Osamu Furukawa*, Akira Furutani®¥,

Yoshinori Hashimoto*%*, and Jun Takahashi*¥*

Abstract

In designing LMFBR reactor vessel, it is important to evaluate the heat
transfer rate from liquid sodium surface to rotating plug through cover gas
layer. On the first step to measure this heat transfer rate, a simulation
test using heated aluminium disk was conducted and the heat flow combined
radiation and natural convection was measured.

The test results are as follows.

(1) Experimental data of radiation heat flux well agreed with calculated
values based on the optically measured emissivity of aluminium and
stainless steel.

(2) Combined natural convection and radiation heat flow in horizontally
enclosed argon and helium gas layer (Ra number range: 3x10"“~6x10%) was
measured. The measured data of natural convection heat flux agreed with
the value calculated by Jacob's or McAdams’® equation.

(3) Measured temperature distribution of horizontal gas layer consists of
three parts, namely, upper and lower thin boundary layers and a rather
isothermal central core region. The temperature of the core region is

approximately mean temperature of upper and lower wall.

* Sodium Engineering Division, O-arai Engineering Center, PNC.
*#% Fluid Dynamic Section, Sodium Engineering Division, O-arai Engineering

Center, PNC.
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Fig. 3

Heat flux Measuring Section -
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Input data read

cover gas hight & pressure,Date,RunNC

Termocouple emf.

!

Cal. of temperature from emf.

Functional data
of temperature VS. emf.

!

- Cal. of mean Temperature (I)

T T T

TL.s, Tu.s, TuoH, "L.H,

Tu.6,

AL,

:

Cal. of meam temperature (II)

cover gas, SUS plate
He Tayer

!

|
|
1
I
I

Cal. of physical properties

Asus, *He, “Ar, 2Ar

Functinal data of
physical properties
VS. temperature

Cal. of heat flux

asys, 9He

)

Cal. of nondimensional quantities

Gr, Ra, Pr

Out put
(TTY)

Fig. 5
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TABLE. 2 Heat transfer equation for natural convection
in enclosed holyzontal Tayer.

(1) [ Nu=0.21 Ra’/
(10*<Gr<3.2x10°) (3)
L. e Mc ADAMS
Nu = 0.075 Ra/3 -
(3.2x105<Gr<107) 7
(2)  Nu=0.048 - Ra®*370 +uvunnenn. Mc LAIN'Y)
(3) { Nu=0.068 - Gr'/?
(GI">4><105) (5)
.......... JACOB
Nu = 0.195 - Gr'/*
(1x103<Gr<4x10%)
(4) Nu = 0.069 Ra'/3 . pro-07% . . DROPKIN(E)

(1.5x10°<Ra<6.8x10°, 0.02<Pr<8750)

(5)  Nu = 0.0520 Ra®* 347 «evevennnn 6. LemercIEr'”)
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13 2

(1) ATy, NUDLBLY SUS-304 DY EIE
TwayBLUAN)7AL20THR, XROKERS W TEOREEE, HEkFAHEs
SIREICHT 24 RATEM LI, YRBHFHEAEZTABLE-ALIKRT,

i@ i3 () 25 100 | 200 300 400 500

— s x10 6 ” ” ” ” #”
o= 8 ¥ He|gze9e | 4312 | 50093 | 5832 | 6520 | 7173

) X ]_05 ” ” ” ” ”
(cal /em+S=°K) | Ar | 457 50.9 2 6L18 | 7050 7873 86.65

oM B ¥ | He | 19863 23173 27366 | 31338 | 35037 | 38545

(#P) Ar | 22632 27307 32811 37806 42218 46466

SUS—-304 O BVRERIFB 4O XMICEREINTHED, ALERTRIBEEEBLELEN
Bl AREMEBEA—EMICA-MTEEAMA MR EERL, L% 75 5 >
yETHENELE T, EALAKBREARNTEHY, RERNEREETC-3000MET
b5, MEHEEAETPRCF — £ (Purdue Univ)' BLUHMTERAIATOBEPICC
MEF -8 (BR¥Eam) & & bICPigAl KAT,

2) RERRBAEIASOREZEORIE
ARBTIAREROMBEL LA TRIEbL - fofod, BRFEAEBCE TR E M
KEHERBR U b, BRFERAEHORELFN, ZABRIKOIHSKCEFE/BL, Hx—H
ZREM»OoDBEZEREFEL 2,
(RE) &KEECHBNT
(1) AN—HREME»SMER FEN—FRERIEE (g, t0) PEECHAT 5.
2} BUBMERCBCTTHLPORALULHEEERLFA (q1) EEEHFA (q,) &
Zahrh, LTHEREZLoERMUILER q, &9 %,

CIcv_l_Q.rad = Qm + ql

3 g, FFEBrICEST—EETH B,
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| r |
| |

: am 3o 5 HISE 4B
, ¢ L*q;
b4 $ _ H—H RfE
{ qrad + qcv )

BBERNEBOEAELLEL, AAARER —FEITNERDOFTERABKRILT 5,

aT d®T

1 ai
R B L = = .
P ) (A-1)
B.C. r=Rw&&x T=Tx e (A.2)
Tz,
T = 9t (RZ2—~r¢®)4+ T e (A.3)
424

CTHOLRESMEZRBRLE S,
ML EEEROMBEET ARE T & D 4T,

q:1R?
AT—_-T - — TT= = — eeeaes A_4
r= R WY (A-4)
4444T
Say s T e (A.5)
Lid-> T TFHEASHALLBKE (grae 90,0 &,
| 4424T
Qrad +qCV=QEI+QI :Qm+ Rz """ (AG)

MESNERFAERESMH (Fig.6 ~Fig.9) BT, BESMOPLALENLD
120 mBEn - AOBEZEA4T 2K, (A6) KRALTHAEBEHEL 2.
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Fig. A1  Thermal Conductivity of SUS 304
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