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ABSTRACT

A series of single channel sodium boillng experiments were conducted in the

Sodium Boiling Test (SBT) Facility at the Oak Ridge National Laboratory. The

objective of these tests was to determine the maximum power that can be
transferred to the coolant in a fuel assembly subchannel when the flow is driven
by natural convection. Stable boiling was achieved for test times approaching
one hour in duration for powers below the critical level. The power cor-
responding to dryout in these tests compares well with predictions from an

earlier water simulation of fuel assembly voiding behavior.

*Research sponsored by the Division of Reactor Research and Technology,
U. S. Department of Energy under contract W-7405-eng-26 with the Union Carbide

Corporation.
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SUMMARY

Griffithlisuggested in early 1975 that the augmentation of coolant flow,
produced by the differential head between boiling and non-boiling subassemblies,
could significantly delay dryout and fuel failure for certain categories of
LMFBR accidents. A single channel, low pressure water test was conducted by
Hinkle2 to investigate this effect. The results of this test, extrapolated to
Fast Flux Test Facility (FFIF) conditions, indicated that stable, two-phase
cooling could be maintained under naturzal circulation conditions for coolant
power densities below 214. watts/cm3. The development of the Sodium Boiling
Test (SBT) Facility, a sodium analog of the water test loop was begun at Oak
Ridge National Laboratory following completion of this test program. The ther—
mal hydraulic characteristics of the SBT Facility were selected to simulate the
FFIF reactor subchannel geometry. The design is sufficiently close to that used
in the water tests to permit a direct comparison between sodium and low pressure
(1 atm) water boiling behavior for conditions representative of hypothetical
IMFBR accidents.

The primary objective of this test was to determine the maximum power that
can be transferred by a simulated IMFBR coolant subchannel when the coolant flow
is driven by natural convection. Secondary objectives include the use of the
data obtained from these tests; (1) to evaluate the ability of the water simula—-
tion to predict sodium behavior, (2) to evaluate the accuracy of natural con—

vection and boiling stability computer models currently under development, and
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(3) to develop guidelines for boiling stability tests in the multi-pin

Thermal-Hydraulic Out-of-Reactor Safety (THORS) test facility.

Facility Description

The SBT loop is illustrated in Fig. 1. The test section is a 3.0 m (118
in.) Hastelloy X tube with a 3.25 mm (0.128 in.) ID and a 2.90 mm (0.114 in.)
wall. The inside diameter of the test section was selected to correspond to the
mean hydraulic diameter of an FFTF fuel subassembly.3 A coil, located at the
test section inlet, simulates subassembly inlet hydraulic resistance and ac~
commodates the thermal growth of the test section. A lA. kW quad-elliptical
radiant furnace simulates core heat loads to a 0.97 m (38 in.) zone of the test
section. The furnace reflector is water cooled. The power input to the test
section is computed based on measurements of the electrical power supplied to
the furnace and the enthalpy rise of the furnace coolant. The test section
downstream of the furnace is guard heated to simulate the fission gas plenum re-
gion of the subassembly. Tanks at the top and bottom of the test section simu-
late the inlet and outlet plenums of the reactor. The cover gas in the upper
tank is argon. The 51. mm (2.0 in.) ID return line is sized to minimize the
influence of the downcomer on the test section flow dynamics. An ac elec—
tromagnetic pump in the return leg of the loop is available for forced flow
operation, if required. Oxide control is accomplished by a zirconium trap
located in the facility dump tank.

Fast-response pressure transducers (Sensotec and Kaman) are located at the
inlet of the heated zone. Permanent magnetic flowmeters are provided at each
end of the test section and upstream of the EM pump. Plenum pressures are mon-
itored by Taylor pressure transducers with NaK filled sense lines. Ap-
proximately 100 Chromel-Alumel (Type K) thermocouples are installed throughout

the loop. Test section thermocouples are attached to the outer wall of the
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tube. The sodium void detection system consists of 2 series of voltage taps
distributed along the length of the test section. Voiding patterns are detected
by local changes in the electrical conductivity of the parallel test section and
sodium paths. An acoustic monitor is located at the inlet of the heated sec—
tion. Level sensors are provided in both the sodium dump tank and the upper
plenum,

The SBT Facility utilizes the THORS Facility data acquisition system. This
system consists of a PDP-8E computer, a DATUM multiplexer, two magnetic tape
storage units, a CRT display, a Tektronix 4006 console and hardcopy unit, a
teletype and a character printer. Data is recorded on a 7-track magnetic tape
at a rate of 10,000 samples per second for post-test processing. Real time

data is displayed on the aforementioned ouput devices. Facility protection is

provided by the computer during operation.

Test Results

A series of steady state, natural convectin tests were run in which data
were taken at a series of test section powers up to and including the film
dryout condition. These runs were made with an upper plenum pressure of 97.2
kPa (14,1 psia). Test section inlet temperature and upper plenum temperature
were maintained at 420°C (790°F) and 590°C (1100°F), respectively.

Large flow oscillations, characteristic of low pressure boiling, were ob-
served during all the boiling runs. This was particularly true for the low
power boiling runs, an example of which is given in Fig. 2. The flow
measurements were made at the inlet of the heated section and downstream of thea
riser. The fast response transducer (PE-2B) and the Taylor transducer (PT-7)
pressure measurements were made upstream of the heated section and in the upper

plenum, respectively. The temperature measurements were taken at axial stations
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in the heated section (TE 117-TE 120) and in the riser (TE 121-TE 127). The
vold detector data presented were taken at stations near the exit of the heated
section. The test section power for this run was 1.3 kW. Large osciilations in
the flow downstream of the heated section and in the response of the void de-
tectors in this region sugpgest a slug flow regime. Boiling was highly unstable
at these conditions and the system reverted to single phase flow at ap-
proximately 70 sec into this run. Wall temperatures typicazlly incrcased fol-
Jowing such an event until incipient superheat requirements were met, thus trig-
gering a second boiling cylecle, or until the loop scram limit of 1010°C (1850°r)
was exceeded. Wall temperature is measured at the outer surface of the thick
wall (2.9 mm) test section and is not representative of the sodium temperature.

At a higher test secticn power the flow became more stable with sustalned
boiling for periods as long as one hour. Figure 3 is representative of this be-
havior. This run was made at a test section power of 1.4 kW. The frequeucy of
liquid slugs, appearing downstream of the heated section, in this run was re-
duced; transition to an annular flow patteru is suggested.

At a test section power of approximately 1.7 kW intermittent dryout con-—
ditions were encountered. An example of this behavior is given in Fig. 4. The
outlet flowmeter indicates annular flow and/or film dryout at approximately 30
sec intp this run. This is substantiated by the void detector signals
downstream of the heated section and by the inlet flow which continues to oscil-
late. Contrast this behavior to the low power data presented in Fig. 2. The
wall temperature in Fig. 4 increases in response to the dryout condition but
this increase is checked by the rewetting of the wall associated with re-
establishment of the pre—dryout flow pattern. A second dryout cycle begins at
approximately 90 sec. This cycle was terminated a few seconds after the end of
the data file by the high temperature scram command. No evidence of recovery
from this final temperature excursion was apparent prior to the shutdown by the

loop protection system.



A preliminary assessment of these test results indicates the following:

(1) Low pressure sodium boiling under natural circulation conditions is

characterized by large amplitudc flow oscillations. Effective cooling was

achieved, however, for channel powers as high as 1.6 kW oxr 200. watts/cm3.
(2) Intermittent dryout was indicated at a power of 1.7 kW or 212. watts/cm>

which is in excellent agreement with the results of Hinkle's? water simula-

tion.
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Filgure Captions

Sodium Boiling Test (SBT) Facility.
SBT Natural Convection Boiling Test 130 Run
SBT Natural Convection Boiling Test 121 Run

SBT Natural Convection Boiling Test 124 Run

1, Test Section Power

1, Test Section Power

1, Test Section Power
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i.4 kW,

1.7 kW,



Q

a SEEN

NC.123S 1S3

WNYL RAN2 TG LIMOT
WIISAS L0133122 QICA /_/»\MH\I_

HUS NOILDTNNGD IITLWCAN  m

e

s
il

o
a
-—

T T3
HED NOISNVaX3 Bt—et— T 0
v | —

FILLINENTEL FBNSSINd  m-amend
SIINTIDE RravN —

I e ; Y3ILINMOYS
Ui ol i (e
— « I
(Wied 1} ave 3992104 Nyasimwsnvey ! ]
HOLI3LFT MDA — T T 3IMNsS3ud v 71 My
. i - 33208838 em T %’..%I%/‘J(Jb
—— ]
. [ : MW ﬂ. uu.. T
. AWAn3SSY Miw3R T [ —
NC:L33S 1832~ T [ ovu..,o._w%um
—l SNOILOINNCD ) ~ “H3LINMON2 wiz
BOS! YO —e v 1IN0V
— e i " : 0519373
o T - o H i
ST NILSONNL-ZiuvN0—~ "7 & Te w2y i b renown
it ! s | | .
(S IV ] NOISNVAX3 ¢ 1 : ‘bv
5
— S R, L NN B NI § RO
— Ay SN S
by | u-nol HE 2 _ B
——eeae _ ~ I _ [ i I
A .LA Y ! YIBATAD ONIIVIN u_J OF aaHas Mz
N3ISAS ¥OL33i3C Qioa V ALV 38 NI b
HO4 AOUIINNOD 39vLI0A-L, RLE - b1 NVIOYN Q3nvNan |
S - ! )
e ! v 1™ 3804 g ui-82i0
= | R
(wotdasy el A Dematia e B I e — —re
o e A =i
R ! . Tk~ ¥3L3NM0N | |
—Z o . [ Sisnommouiams | )
e | . “ mn il . .
; . .3
~{IWIAL) dvi 3sviioA uPlcy - ]
8152130 CioA S~ T C W _ . .
: i | _ _ ANVL KON
et Y¥3adn
CLE — _ : oot “
[T FUS T P S S { _ . _ Td
. i MIRE: !
e NOLLOINNGD
WILSAS ¥O.D3L30 IO —t—v ' ses 8 manowa— | _ SVEL HOSvA
HO4 NOILOINKNOD 3SVLI0A T N
: : TN S ._L|_4 T == N W h
KT ,
o1 (I .

NNYL WONId zu&:lm

TWALOT-92 SMA-INWY

!
|
m
e o

Kooy gsey Suiog wnipos —woudord MEINT

ek g

wi.x,l,.. poaas Sum

i I SN T

L o

__ ! -
! 7
w Nd D1LINGYHOELIFNS H

W C2 ™0y




Voo

PICCERRTTEE

-—
=)

UTLET Feowy

INLEF Frow

PRRESSURE

"i‘ i"it“'

iy

. LN
. (15
:—g_ g l‘ - Fe- IF
o4 T 1 Y 3
0 20 - 40 60 ea 169 120

TIME (SECI
‘ . Fis &

(‘V; i a 3 L c oy
ey b - .
. () J !
SB_TF T1-C021 DRTE 12/08/78
TEST 130 RuH 1 FILE 4
o]
B L AN BT
urnm]ﬂvfm, R Hﬂ:l i
n . - l x“‘ l_,{l _,,_1 N A e
S S e X '
i H’?"l"‘i“-““'r'x?' Hiedi g e i
g - _;-”” "-4
3
=
=
o T T i
o - .
E...
e o)
s e -3t 1z
O e s 8 D
LT T i ELD
f = 2
. G- i i
;; :—3, [ BN --..a-w-‘u-——xh.-o-_ -”"“""‘"’"""‘"——WA‘M\,V;.;IWM{V T "‘- T P’
R T T T 7 T 1
&7
s, lfw*““”"“'“"”‘“*““‘”“”
i SN -r.-a-m‘-l’"', v'-',null I( U 1 n 1 |
L8 ;
P b .. .v:f. DU ,O,.,-N,.v...a:-...-...@..,,-n....\.w..,.,.____..\r_:,-.r-._-,.-xm—-'-‘"-.s.n-g’-..,‘t_?-—w--.o
—-: g : . L
we | By
i
. T T T T T 1
g ) -
] .
" ' 2
R 5
o {;’ e 1 j Bl i feleh “
R R P T [" B AN AT
s |
=
e & O- £33
o
T T ) T T T 1
g .\




vore

FTENPERLRTURLE

/PRESSURE

OUTLET FLow

. IMLET FLow

SBTF T1-GO18 DATE  12/07/78
TEST 121 RUN 1 FILE 4

‘T‘J w-mmmmﬁfw ﬁw{r Pkf’f"ﬂ p{“”"P ‘“'“frrlfwm 'rl{*“rrv*r e
g
3 o- &5
=

r| 7 ‘ ; . — : ,

Vi W“\,m

g:f«f;* A Vﬁ VW"’" \‘Amr@
t
2y . o e
=¥
R ! , . ! ) 1 ) T 1

€3 hi(i!)lif URIUHEN j}!llnl e 411‘ “s”ng;lq it 15 };P;ggy;¥h

{ ‘I“H ’”;][' {’[:’:;"':"l]"" l l!"’{iliﬂig.’;

o ]“ ‘z“ H K HH :sl/“} ”.} “
;;m U:ﬁgy
o i s , : ' : ]

| mil
g_-bd[{[b.‘ J ML} Uh ‘{ 1 oA I !l\J |' ‘!}*LI,
s |
it o
© ?' 1 T T T — 3
o ﬂ A Iy nA b |
g’“‘“ﬂ"l"'l“'{'f"'ﬂ l‘” ‘hU lvh'l "fl t i Ju ‘k(‘&ld‘v'n 'u'h i'rﬂf}d.r Lfﬁ- e mt'ﬁ
b= . S
5 -0
3 _

T 7 T - ,
0 20 40 &0 80 100 A
TINE (SEC)

i)




vor >

PRESSL R

OUTLET Fetow

INCET Frow

TEMRPERR TLURE

¥
CLovd
)
SBTF T1-0019 DATE 12777778
TEST 124 RUN 1 FILE 1
o
r.'| "n "" i \""' '\«h“ DJ : G
2m !ll[“ ’:l{l, v'l r"""hli h{] l"| , 1711 Y Yv"‘wnfrf""'i
M R ! ‘
o
=
Eé 'n-é?%g
T , 0 ; | T ]
o
8_
- _l

it .
H "1 : ety SWARY .“.,A.’rj‘
peed ‘f‘..:z'_';“ s "'| “.;” r I{(“I
o j : Hfl l 1 ' ‘ [ ‘L 'J ’l ' }J ! o
UE %‘.. , - [-0» ‘ ov...‘._.A - [i‘.l.__o P~ : © 8: rti};:;ﬂl:
S ! T T LA 1 '
et )
[ gl xy {
) ;;L.[JJUlf,:.’\JL_.JP;’l'u’ i I
“_ o 4552
“s ~ T T T T T 1
'Krjll I.f'h !““‘:r: ‘!Il l'I'l'l' ‘f( 1?" X ('I" ‘i." I"lr ’ |ﬂ! 5“}“]" * l‘ 1‘ IU \Jl\lb’\ ."[!' 15
: o A58
g
0 20 40 €0 80 100 120

TIME (SCC)




