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TRARSMITTAL OF "BURNOUT™ SURVEY

INS:PAM

Stimulated by the receni fuel aelting event st the Westinghouge
Testing Reactor, ve have had s survey conducted by Mr. V. ~.
Walker of the present status of kxnowledge and experience coa-
cerning burnout heat flux correlstions in low pressure (under
200 psi), light vater systems. A copy of Mr. Walker's survey
is attached.

In general, we find that there are large uncertainties involved
in the prediction of buruout conditions at low flows and pres-
sures. Accordingly, we suzgest conservatism in dealing with
existing reectors sand & research progrez to help to elimiuate
or minimize the uncertainties.

we would be glad to discuss this subject further, e.z., vith
specific regard to operating limitations desirable for the
vestinghouse Testing hesctor, should you wish.

Astechment:
Survey

cc: ¥.P. Finan, AGMRS, w/attach.
F.X. Pittman (ATTH: S.A. Szewiewicz), DED, w/attach.
¢.X. Beck, DIR, w/attach. (5 cys.)
N.H. woodruff, Hi3, w/attach.
L.D. Low, CO, w/attackh.
C.F. Bason, OGC, w/attach.
J. Charnoff, DlRK, v/attach.
R.H. Engelken, SAN, w/attach,
R.C. Hagemma, CH, v/attach.
J.i. Sears, NY, w/attach.
V.A. Walker, ID, w/attach.
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BURNOUT CORRELATIONS FOR APPLICATION TO WATER COOLED TEST REACTORS
A SURVEY

SUMMARY

A survey of the available burnout data and correlations applicable to
test reactors operating at low sbsolute pressures and cooled by water
is presented. In the pubcooled region (more than 10° F), it is recom-
mended that the burnout heat flux, as calculated by Bernath's extended
method, be reduced by forty per cent. In the 0° F subcooled region or
net steam generation region, the correlations of Lowdermilk may be used.
The latter situation is largely unexplored.

Confirmation testing in an operating nuclear reactor is suggested.

INTRODUCTION

The problem of meltdown of reactor fuel elements through the process of
loss of the heat transfer capability of the coolant by a change of phase,
called "burnout”, has been under investigation for about fifteen years.
Unfortunately, the method of solution has for the most part been one of
finding the thermal-hydraulic conditions required for burnout for a more
or less specific reactor. Considerable effort has been expended in the

‘high pressure region; e. g., references 1 and 2.

There has been some research done, and it is continuing for reactors

operating at low pressures. This paper attempts to summarize the re-
search at low pregsures and to indicate the areas in which additional
work appears to be needed.

The significant differences in bubble dynamics at low pressure and high
pressure makes the use of the high pressure research for test reactors
a questionable practice and, therefore, the high pressure research wae
not included in this brief survey.

SUMMARY OF LOW PRESSURE RESEARCH

A brief summary of each research will be presented, together with any
correlations that have been developed from these data.

L. Bernath, A Theory of Local Boiling Burnout and Its Application to
Existing Data, presented at the Third National Heat Transfer Conference,

August 1959.

This comprehensive paper summarizes much of the data obtained in the
study of burnout over all pressure ranges. A theory is developed and
the constants of a correlation resulting from this theory sare obtained

1. WAPD-188, R. A. de Bortoli, S. J. Green, et al., Forced-Convection.
Heat Transfer Burnout Studies for Water in Rectangular Channels and
Round Tubes at Pressures above 500 psia, October 1958.

2. ANL-4627, Jens, W. H. and Lottes, P. A. Analysis of Heat Transfer,
Burnout, Pressure Drop and Density Data for High Pressure Water,
May 1951.
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SUMMARY OF 1OW PRESSURE RESEARCH (Continued)

The heat flux at burnout is obtained from the following relationships:

)BO = DBBo (Pw,B0 - tp)

10,890 2%:—7-51; f KV

¥

burnout heat flux, PCU/hr, £t%;

heat transfer coefficient at burmout, PCU/hr,
£t2 © ¢;

wall temperature at burmout, ° C;

mixed mean bulk water temperature at location
of burnout, ° C;

hydraulic dlameter, fi;
heated perimeter divided by <, ft;

nominal liquid veloecity, ft/sec;
>

48/De0+6 for De & 0.1 ft. or 90 # 10/De for De
0.1 ft

absolute pressure; psia.

The correlation predicts the measured heat flux on the average within

about T 15 per cent, but much of the data were selected.

The reasons

given for careful review of the data were cited by Bernath as:

LT (1)
e 'fii ; (a)
e ()

"Premature"” burnouts due to the
use of a burnout detector -- generally unrelisble,

use of very thin-walled heaters to permit attainment

of heat fluxes with low current input,

(c)
(a)

use of AC heating with thin-walled heaters,

too rapid an increase of power applied to the

heater, and

(e)

attainment of flow instability in the apparatus (if not in

the test section) without proper recognition of the
phenomenon.

e

Bernath attempts to explain any large
variances of the data from the correlation; these explanations appear to
be well founded.



SUMMARY OF LOW PRESSURE RESEARCE (Continued)

(2) High experimental burnout heat fluxes due to the

(a) vibration of the heater (causes shedding of vapor
patches from the heater surface)

() attainment of bulk boiling with gufficient net steam
to cause acceleration of the coolant stream, and

(¢) experimental arrangement in which the combination of
massive power leads and short test sections introduces
large conduction errors.

(3) In the case of flat-strip heaters

(a) the edges of thin strips are more effective inm dissi-
- pating heai than the faces, and

{(b) heaters with clamped edges can leak coolant to the back
(insulated) face resulting in "high" heat fluxes, or the
insulator (mastic or adhesive) can coze over the edges
of the heater strip causing hot spots and "premature"
or low burnout heat fluxes.

Quoted from Page 4 of Bernath's paper.

Bernath applied the correlation to bulk boiling at high pressure and
concluded that at velocities greater than 10 ft/sec and an effluent
vapor void fraction of less than 0,10, the correlation adequately pre=-
dicts the burnout heat flux.

All of the data used in this study were obtained under constant flow
conditions rather than constant pressure drop and the effect of having
a channel operating in parallel at less severe conditions was not in-
cluded. Because of this and other uncertainties, we suggest that values
of the burnout heat flux predicted by the Bernath correlation should be
reduced by 406,

The burnout heat flux was measured for the following range of conditions:

(1) Velocity 5 to 45 ft/sec
(2) Subeooling 5 to 75° C
(3) Pressure 25 to 85 psia

(4) Coolant passage equivalent diameter 0.21 to O.46 inches

(5) Geometry Flat strip 2 inches wide, l9-l/h inches long and
0,038 inches thick. Annuli 0.5 to 0.8 inches in
equivalent diameter

(6) Plow direction - down

(7) Heater materials Type 304 stainless steel and 70-30 Cu-Ni alloy

(8) Heat flux 0.5 x 10° to 1.8 x 10% peU/nr £t°

(9) Uniform direct current, electrical hest supply.



SUMMARY OF LOW PRESSURE RESEARCH (Continued)

The following empirical correlation was written from the results of 65
experiments:

Q/Aypo = 266,000 (1 # .0365 V) (1 £ .0091 Ts) (1 # .0131 P)

- vhere %/A)B0 = burnout heat flux PCU/hr, £t2;

v = fluid velocity, ft/sec;
Tg = gubeooling, (Tsat - Tb)’ °¢;
L - P = absolute pressure, psia.
s 'tt‘ff The maximum devistion of the data from the correlation is reported to

be 16 per cent.

These data were obtained under constant flow conditions and did not
examine the effect of bulk boiling =~ the minimum subcooling, with only
S D T two data points taken, was slightly greater than 5° C. Bulk boiling
SO . with water flowing downward probably would decrease significantly the
SR burnout heat flux.

Lowdermilk, et al., Investigation of Boiling Burnout and Flow Stability
for Water Flowing in Tubes, RACA-TN-4382, September 1958.

In addition to a wide range of velocity, tube diameters and length-to- -
diameter ratios, the effect of restricting the flow Just upstream of

T the test section and also of placing a compressible volume Just upstream
IR of the test section upon the burnout heat flux were examined.

The range of conditions at which burnout heat flux in the stable-flow
region was measured were:

Velocity 0.1 to 98 ft/sec
Geometry Round tubes
Tube diameter 0.051 to 0.188 inches

Uniform electriecal AC current
heat supply

Iength to diameter ratio 25 to 250

Exit pressure Atmospheric

Subcooling 0 to wet stream (quality of
about 60 per cent)

Flow direction Upward

The minimum pressure drop across the upstream restriction required to
stabilize the flow and obtain a burnout heat flux independent of this
pressure drop varied with the flow. The required pressure drop in-
creased as the flow rate was raised. A circulating pump was not used

and, therefore, any changes in system pressure were known and deliberately

applied.

Two correlations were written: One for low velocity and high-exit quality (1)
and another for high velocity and low-exit quality (2). They are:

ahe

w




SUMMARY OF LOW PRESSURE RESEARCH (Continued)

(1) (Q/AgBo = 270 Ggo.85 p-0.2 {_%_3-0.85

for ¢/(L/D)? < 150

o (2 (Q/Agno - 1400 g0+5 p=0-2 i_%_g-o.ls

tor G/(L/D)2 > 150

A
where @/ }BO = burnout heat flux, Btu/br, £t2;

e . 2 = mass velocity 1b/hr, £t°; -

D = tube dismeter ft2;

and L tube length, ft.

The use of & compressible volume (a tank partislly filled with water and
an inert gas above the water) approximates the parallel channel situstion
found in reactors. The use of this volume decreased the burnout heat flux
from abogt 1l.3 x 106 Btu/hr, ££2 with no gas above the liquid to about

0.3 x 10 Btu/hr, ft2 with about 100 cc of gas above the liquid; both re-
sults were obtained with a constant mass velocity of about 0.75 x 10
lbs/hr, 2, Apparently, a flow instability was established when the gas

occupied part of the tank volume.

There are two reasons that these data may not be directly applied to test
reactors. The test section was heated with AC power and Ellion in a
photographic study, showed that bubble dynamics were affected by the alter-
nating current. The flow through the test section was upward and the
buoyancy of the steam probebly enhanced the heat transfer process; at low

velocities in downward flow the steam buoyancy mey have a significant
effect, particularly in theé bulk boiling region.

Thé: results of this study indicate that the flow system characteristics
have a signficant effect upon the heat flux at burnout when in bulk boil-
ing. Apparently, flow instability and burnout are closely related and
are difficult to separate unless particular care in the loop design is
exercised. A logical conclusion is that the low pressure research done
to. date needs to be used very cautiously. This is not necessarily true
at high pressure since flow instabilities are more difficult to obtain
with higher pressure. _/

Several experimental data points were obtained at 0° F inlet subcooling.
The burnout heat flux was a weak function of inlet subcooling since it

only decreased about 20 per cent when the inlet water temperature was
raised from 70° F to 2120 F,. These data lend credence to the idea that

burpout is a localized phenomenon.

;/ JPL~-Memo No. 20-88; Ellion, M. E.; A Study of the Mechanism of Boiling
Heat Transfer, March 195k,

5/ Anderson, R. P. and Lottes, P. A. Boiling Stability, to be published,
January 1960,



SUMMARY OF LOW PRESSURE RESEARCH (Continued)

Increasing the outlet pressure from atmospheric to 100 psia raised the
burnout heat flux by about 15 per cent. These results are not in agree-
ment with Mirshak's correlation; pressure is a relatively strong func-
tion in the latter correlation. However, Lowdermilk's date were ob-
tained with bulk boiling at the burnout point whereas Mirshak's data
were for subcooled water, '

OTHER DATA

Several other studies have been made in the low pressure range. The
data were limited and examined special cases briefly.

In 1948, McAdamsE/and co-workers obtained nine burnout date points.
From these limited data a correlstion wee written. This work can only

be called exploratory.

Guntheré/ conducted & photographic study and contributed substantially
t0 the understanding of bubble dynamics. His burnout date are not con-
sidered asccurate since the test section consisted of a thin, heated
strip cooled on both sides by flowing water; vibrations were probably
induced in the strip and resulted in abnormally high burnout heat fluxes.

Levy and co-workersI/examined the special case of horizontal, rectangu-
lar channel (2.625 inches by 0.100 inches by 18 inches) heated uniformly
and completely around the periphery. Burnout occurred in the corners

of the channel at heat fluxes approximately a factor of five below that
predicted from other correlations.

There have been several correlationsé/ 2/ written using statistics to
improve the "fit" to the data. None of these correlations should be
applied at conditions different than those used in the experimental
study from which the correlations are derived.

HAPO has e heat transfer loop which has been used in solving their parti-
cular problems. The data are classified.

McAdams, W. H., et al., Heat Transfer at High Rates to Water with
Surface Boiling, Ind. Eng. Chem., 41, 1945 {1949).

Sl

Gunther, F. C. Photographic Study of Surface Bolling Heat Transfer
to Water with Forced Convection, Trans. A.S.M.E. 73, 115 (1951).

Q

GEAP-3011, Levy, S., et al., Heat Transfer to Water in Thin Rectangu-
lar Channels, May 1958.

S

DP-363, Menegus, R. L. Burnout of Heating Surfaces in Water,
Mey 1959.

2

ID0-16460, Merrill, J. A. and Nertney, R. J. The Application of
Statistical Methods of Analysis and Experimental Design in Predict-
ing Burnout Heat Flux, June 1958.

2
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RESEARCH IN PROGRESS

Several organizations are presently determining burnout heat flux for
various conditions which have fairly direct application to their parti-
cular reactors. In all cases; the test sections are electrically
heated. The Engineering Research Laboratory at Columbia University and
Savannah River Laboratory are both active. Stein at Columbia is deter-
mining various aspects of burnout in conjunction with the Components
Basic Research program. Mirshak is examining the effects of roughened
surfaces, different test section materlals, the length of the test sec-
tion and localized hot spots.

The University of Minnesota; with R. P. Hartnett as the principal re-
search man, is setting up a heat transfer loop. He expects to do basie
research upon burnout at low pressure.

Phillips Petroleum Company has & heat transfer loop under construction.
They expect to direnct their efforts toward solution of the burnout and
flow stability problems associated with operation of the MIR and ETR.

coMENT

To calculate the burnout heat flux in test reactors operating from atmos-
pheric to 200 psia, with narrow coolant channels in the core (not less
than 0.075 inches thick) in well developed turbulent flow and with
temperature subcooling of more than 10° F, it is recommended at the
present time that Bernath's extended method be applied with a forty

per cent reduction in calculated burnout heat flux. If the subcooling

is less than 10° F or the bulk water temperature at the hot spot reaches
the saturation temperature; it is suggested ¢ Lowdermilk's correlations
be applied in conjunction with J. B. Reynol d__?ata for local boiling
pressure drop and the Martinelli-Nelson metho for two phase pressure
drop.

The information gathered by Lowdermilk and co-workers is an adequate
beginning in the matter of burnout with o°F subcooling or wet steam
generation. There is a great deal of work yet to be done before com-
plete knowledge is available, however; for example, did the burnout
experienced by Lowdermilk occur in the wet steam area of the tube, in
the subcooled region, or at the transition point? The problem of flow
stability in the heat transfer loop may be & severe one and needs fur-
ther investigation particularly in closed loop pressurized water re-
actors (g,g,, the ETR)., The inclination of the test section may also
be important but no one has examined the down-flow situation.

Actual burnout data within an operasting reactor appears to be needed to
allow the verification of present analytical methods or the development
of improved methods. This work could be performed in SPERT-III.

;g/ ANL-5178, Reynolds, J. B. Local Boiling Pressure Drop, March 195k.
It is to be noted that Reynolds only studled local bolling pressure
drop up to 3.0 x 102 Btu/hr, fteo These data should be extended to
& heat flux of at least 7.5 x 107 Btu/hr, £t°.

;l/ Martinelli, R. C. and Nelson; D. B. Prediction of Pressure Drop
During Forced Convection Boiling of Water, Trans. A.S.M.E. 70,
(1948). _




