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NEW BURNOUT CORRELATION :un assu_±" / __

INTRODUCTION: /- /--/- ' ' ....:-,.-,

A number of burnout tests have been run subsequent to the
publication of the burnout equations in DP-355 and DP-725. The
range of variables was extended in these tests and the burnout heat
fluX.was meas_red. This memorandum presents a modified empirical
equation, whlch correlates _he new data, for use in the design of fuel
assemblies for the HWCTR. We expect to submit this material for a
Journal publication within the next quarter.

" SUMMARY:

The results of 193 burnout tests of heated surfaces cooled

by water in annuli were correlated with a standard deviation of 9.1%
by the empirical equation:

_B0 = 257,0OO (I+O.O4OV)(I+O.O3OTs).

The maximum deviation of the data from the equation is plus 26.1%
and minus 22.8%. The range of variables correlated by the Equation
is:

V, velocity of coolant: _to 42 ft/sec

_B0 subcooling: l0 to 95
oc

, heat flux at burnout: 1/2 to 2xl06 pcu_h_(ft_
Pressure: 25 to 1200 psia
Length of heated surface: 19 to 40 inches .IR_ _%'%_"_

Annuli: IO, 1/2 inch to oo ; OD, 3/4 inch to_ _k__._.._i,_ _
Equivalent diameter. 1/4 to I inch

Vertically downward flow of w61_e_IBUTION OF THIS DOCUMETNT I_3UNL_ivlFISO
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The annular burnout tests were obtained on the Strip Heater
and Internally Heated Annulus at SRL and on an annulus formed by
large tubes at Columbia University. The Strip Heater mocks up a
portion of the annulus formed by two very large tubes and the
Internally Heated Annulus used a 1/2-inch diameter heater tube housed
in 3/4 to i-1/2 inch ID glass tubes. The annulus tested at Columbia
University was formed by two metal tubes 2.90-inches ID and 2.25-
inches OD; only the inner tube was heated. All three units were
resistance heated by direct current and cooled by vertically down-
ward flowing water.

REC 0MMENDAT IONS :

The new burnout correlation is recommended for calculating
the burnout safety factor; BOSF, in annular coolant channels of
HWCTR fuel assemblies. The minimum BOSF to be used with the equation
is 1.30, which is slightly larger than 3 standard devlations, 3q- .
Ali of the 193 data points correlated by the equation were within
the 3 _ value.

DISCUSSION:

Background

In reactor operation a safe margin must be maintained between
the operating heat flux and the burnout heat flux in order to prevent
melting of the fuel and cladding. If the power density of the reactor
is to be optimized, the burnout heat flux must be defined in order
that the reactor may be operated at the minimum safe margin.

In DP-355, an empirical equation that correlated the results
of 65 burnout tests on electrlcally-heated mockups was presented. A
number of burnout tests have been run since DP-355 was published that
extena the range of heater geometries and coolant variables. In par-
ticular, the pressure range has been extended to 1200 psi.

The DP-355 burnout equation_

@BO = 266,000 (l+O.O36gV)(I+O.OO914Ts)(I+O.OI31P),

contains a linear pressure term that, as was stated in DP-3g_, "should
not be extrapolated beyond the range of pressures listed (25 to 8_
psia) without correcting for the decreased effect of pressure".

An equation that correlated the results of the initial high
pressure tests was published In DP-725. Twenty-four burnout tests in

the pressure range 60 to 12OO psia were correlated by the equation:

_B0 = _90,0OO (I+O.O40V)(I+O.OIOTs). As shown by the equation,
there was no appreciable pressure effect on burnout in the range 60 to
1200 psiao However, the equation was limited to the subcooling range
35 to 75°c.

In this memorandum, the burnout equations are modified to fit
nv_r......th_.__"_"-___ range 25 to 1200 psia and the subcooling range i0
to 9_C for which data is now available.
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Source of Data and Description of Eauipment

, SRL Strip Heater

A total of 64 burnout tests were made in the Strip Heater
at SRL. The results are presented in Table I. Results of 55 tests
were used in deriving the correlation; the other 9 were eliminated
for .the reasons indicated in Table I.

The Strip Heater, which represents a portion of an annulus
formed by two very large tubes_ consists of a 19-1nch long by 2-inch
wide metal strip' that was resistance 'heated by direct current. Heat
was transferred through one face of the strip into a rectangular
coolant channel; the other face and the edges of the str_p were
"adiabatic". The coolant channel wall opposite the heated surface
was transparent so that the tests could be observed. Water was
pumped vertically downward, and the thickness of the coolant channel
was varied from 1/8 to 1/4 inch.

SRL Internally Heated Annulus

A total of 71 burnout tests were made in the Internally
Heated Annulus at SRL. The results are presented in Table II.
Results of 69 tests were used in deriving the correlation; the other
2 were eliminated for the reasons indicated in Table II.

The Internally Heated Annulus tested at SRL consists of a
24-1nch long by 0.500-1nch OD tube that was resistance heated by
direct current. Heat was transferred through the outer surface
of the heated tube into an annular coolant channel formed by the
heater and a glass outer-houslng tube. Water was pumped vertically
downward, and the equivalent diameter of the channel was varied
from 0.25 to i. O0 inches (by varying the ID of the glass housing
tube).

Columbia University Intern_ll Heated Annulus

A total of 121 burnout tests were made in an Internally
, Heated Annulus at Columbia University; results were presented in

Table VII of DP,805. Results of 33 tests were notused in deriving
the correlation because of the anomalous conditions reported in
DP-805. Results of the remaining 88 burnout tests are repeated in
Table III for convenience. Sixty-nlne of these tests were used in
deriving the correlation; the other 19 were eliminated for the
reasons indicated in Table III.

The Internally Heated Annulus tested at Columbia University
was formed by two concentric tubes. The 0D of the annulus was
2.90-inch and the ID was 2.25-1nch. The inner tube was resistance
heated by direct current and cooled only on the outer surface. The
length of the heated surface was 24 and 40 inches.

]ofre.lation af Burnout. R2Su_It.S

•_ r_u±bs of i_3 burnout tests in annull heated on olqe
surface were correlated with a standard deviatiOn of 9.1% by the
equation:

,,_ ....... _ m I_I ii '' I_ .... _il'i',Ip_ 'II'"NPI 'i_"_'l'"11T ',,Im.,"r'_i'lli1_Imlll_...... ,_,I'I_il'i11Nii" " ".'I_'
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SBO : 257,000 (I+O.O40V)(I+O.O30T S),
where,

B heat flux at burnout In Pcu/hr-ft 2,
V = mean velocity at the burnout site in ft/sec, and

T S : mean subcooling at the burnout site in °C.

The burnout heat flux predicted bF the equation is compared graphi-
cally with the measured value in Figure i. The spread lines shown
on FigUre i COrrespond to twice the standard deviation or 18.2%.
The maximumdevlation from the equation is plus 26.1% and minus 22.8%.

Burnout heat fluxes measured at subcoollngs less than lO°C
at any velocity or with subcoolings up to 20°C and velocities less
than 5 ft/sec are higher than predicted by the equation and were not
used in determining the empirical constants and standard deviation.
These points are identified in the drift plots in Figures 2 and 3
which show how the equation fits the data over the velocity and sub-
cooling ranges. As shown in Figures 2 and 3, the equation predicts
burnout heat fluxes that are as much as 45% below the measured burnout
heat fluxes, for the following combinations of velocity an(t subcooling.

V < 5 ft/sec TS _ 20oc
V _ iO ft/sec TS < 15oc

V _ 42 ft/sec TS < lOOC
1

The correlation fits the data well at the extremes of the

ranges tested as is shown in Table IV. The pressure, equivalent
diameter, velocity and subcooling are divided into 3 levels (small,
medium, and large) and the data grouped according to the level of
each variable. The number of points in each of the 81 groups and
the average and maximum deviations of the measured heat flux from
the correlation are given.

The burnout results obtained on the 3 test sections are con-
slstent with each other. The mean deviations of the data from the
correlation when grouped according to the test section and the site
are:

Number of Arlthmatic

Site ,Test Section Tests Mean Dev_atlon

SRL Strip Heater _ +_.1%SRL Internally Heated Annulus 69
Col. Univ. Internally Heated Annulus 69 -2 4%

The burnout heat flux in these 193 tests was not affected by
the pressure. The results are plotted against the pressu:'e in Figure
4. Figure 4 shows that there is no consistent drift of the data from
the correlation in the pressure range coverem, and the standard de-
viation of the correlation cannot be decreased significantly by inclu-
sion of a pressure term. It is therefore concluded that the pressure
in the range 25 to !2OO psia does not affect subcooled, forced convec-
tion burnout appreciably.

The slope constants in the velocity and subcooling terms of _

_!I the equation were selected, with aid of the IBM 704, to minimize the

standard deviation of the correlation. The IBM 704 was coded to

-_l_I " _' "' '"' IIUII
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calculate the value of the intercept, D, in the equation
_ D(I+AV)(i+BTs) for each burnout test, the average value, _,
for all the tests, anu the standard deviation of D from D. A
number of values of the slope constants, A and B, were tested as
shown in Table 5. The stancara deviation of the correlation is mini-
mize_ by the selected slope constants, but the standard _eviatlon of
the equation with the other slope constants shown in Table 5 is in-
creased only a few percentage points from the minimum value. Thus,
the burnout equation could be written with the values of the constants
A, B, and D quite different from the selected values without signi-
ficantly increasing th e spread of the data. If the range of velocity
and subcooling is extended by future tests, the constar_ts may be
altered to fit the new data at the extremes.

The departure of the measured burnout heat flux from the linear
relationship of the correlation in the low subcooling and velocity
ranges as shown in Figures 2 and 3 is probably due to an additional
mechanism. An increase in the vibration of the test section and in-
crease in the intensity of the sound originating in the test section
were observed at SRL during burnout tests in the low subcooling and
velocity regions. In some of these tests, the coolant flow in the
test section was unstable (in short regions the flow aDoeared to stop
or reverse itself even though the supply pressure to the test
section remained constant). The departure of the burnout heat flux

from the linear relationships with velocity and subcooling may be

caused by the surging coolant flow or by the vibration of the heated
surface induced by these surges, but the exact mechanism has not been
identified.

Comparison of Correlations

The burnout correlation of DP-355,

@BO : 2.66xlO5 (l+O.O36_V)(l+O.OO914Ts)<l+O.O131P),

fits the data over small subcooling spans of about 30°C when the pres-
sure term is evaluated between 25 and 85 psia. The DP-35_ correlation
and the new correlation are compared with each other and the data in
Figure 5. The data points in Figure 5 are 3 to 6% below their proper
position relative to the DP-355 correlation, because the slope constant
in the velocity term on the ordinate of Figure 5 is larger than the

slope constant in the DP-355 equation. When evaluated at 25 psia, _he
DP-3_5 correlation fits the data with subcoolings between IO and 35 C;
and when evaluated at 65 psia the DP-355 correlation fits the data with
subcoollngs between 55 and 85oc.

The data available to DP-355 are identified by solid symbols
in Figure 5. The flagged symbols are the data points that were
excluded from the new correlation for the reasons given in Tables 1
and 2. Three of the points used in DP-355 were excluded from the new
correlation because the subcooling was less than lOOC. As discussed
previously, burnout results in this region are as much as 90% above
the new correlation probably due to flow surges. The shallow slope
of the Subcooling term of the DP-3g5" equation was determined largely _
by these three low subcooling points which are now known to be of

dif1"erent family than the high subcooling points.
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The correlation of DP-725 predicts burnout heait fluxes that
are as much as 56% above the "best fit" of the burnout results with
subcoolings between 10 and 50°C. The correlation of DP-725, the new

correlation, and the burnout data are compared on Figu!re 6. The
solidoPoints represent the data correlated by the DP-725 equation.
At 50_ subcooling, the DP-725 correlation predicts burnout heat
fluxes 12% above the new correlation and at 10°C subcooling, the
DP-72_ equation is 56% high. The DP-725 equation correlated cnly
24 data points obtained in the SRI, internally heated annulus with
subcooling in th,_ range of 35 to 7_°C. Further tests in the SRL
annular test section with subcoolings between 25 and 3_°C and between
75 and 95°C showel that the effect of subcooling is much stronger
than predicted by the DP-725 equation.

i

Effect of Prel_sure on B_rnou_ Heat Flux
i

The burnout correlation has no pressure term and as shown
in Figure 4 the flLtof the correlation would not be improved by
the addition of a,pressure term. This behavior, which indicates
that burnout in forced convection, subcooled flow is not affected by
pressure, is contrary to what one is led to expect by the relation-
ship between pressure and the specific volume of steam. The specific
volume of steam and the latent heat of vaporization of water for
several pressures are given In the following table:

Pressure -r_ Av V /_v
• /BTU ,,

25 16.3 952 17.1 x 10-3
I00 4.41 889 4.96 x 10-3

12OO O.340 622 O o545 x iO-3

With two identical heaters operated at the same heat flux,
velocity, and subcooling but one at 25 psia and the other at 12OO

psia, approximately 1/30,_ 1200" t_e te ' as muchvap°_''°lume2will be generated at the surface of ater operated at the
higher pressure. If the heat flux on the heater operated at 25
psia produces sufficient vapor to cause burnout, one would expect
that at the higher pressure the vapor generated by the same heat
flux would be insufficient to produce burnout because the volume
produced is decreased 30 times. In order to increase the volume
produced at the higher pressure to the burnout level, one would
increase the heat flux; i.e., one would expect the burnout heat
flux to increase with increasing pressure.

However, the test results show that the burnout heat flux
is not affected by the pressure and the above analysis cannot be
correct. The absence of a pressure effect on burnout must mean
thaC the instantaneous steam volume at the surface is not affected
by the pressure even though the volume generated per unit of heat
is strongly affected by the pressure. In the above analysis, the
lifetime of the bubbles on the heated surface was assumed to be ..
constant, but if the bubble lifetime varied with pres._ure._equal
and opposite to the change in steam volume, the instantaneous volume
at the surface would be independent of the pressure. Although there
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is no lifetime equation describing the growth and decay of a bubble
generated on a heated surface with subcooled forced convection, a
qualitative description can be given.

When a bubble is formed at a heated surface, which is sub-
merged in subcooled water, practically all the heat and vapor that
go into the bubble come from the layer of superheated liquid adjacent
to the surface. A bubble grows until it has discharged all the super-
heated liquid in its vicinity and then, since its top is in subcooled
llquld, it will begin to collapse. Inrushing, subcooled water will
reduce the bubble to a nucleus, and the cycle will be repeated as
soon as the liquid is superheated.

The lifetime of a bubble is _etermined by its growth rate,
i.e., how fast it discharges the local superheat and triggers its
own collapse. A fast-growing bubble will have a short lifetime and
a slower-growing bubble will have a longer lifetime. The lifetime of
a bubble, L, may be expressed by the proportionality:

1 _ dV where dV is the volumetric growth rate of a bubble

The rate of bubble g_owth in superheated water is given by
the Zwick-Plesset equation('J, dV = _ kT. W_R_(TT. -Tr) . This equation

shows that the volumetric growth rate, dV/d@, is proportional to
Vg/_v, the volume of vapor generated per unit of heat. The other
terms in the equation are geometrical, constants or physical properties
that are not functions of 'the pressure.

The effect of pressure on the lifetime of a bubble is obtained
as follows:

IIL _ dVld@ _z VglAv

.'. 525. = (Vg/Av) __2OO
L1200 ]Vg/Av 3 25

The right hand term can be evaluated from the preceding table.

! = _0,545 x 10 -3
17.1 x 10-3

or

U12oo- 3-5
The last equation shows that the bubble lifetime at 25 psia is 1,/30
the bubble lifetime at _200 psia.

The volume of steam, S, on a surface cooled by boiling must
be directly proportional to heat flux, @; the volume of vapor genera-
ted per unit of heat, Vg/_v; and the lifetime of the bubbles, L; or
S _ _ (Vg/Av)L. Again comparing two identical heaters operated at the

k_.) Advances in Chemical Engineering Vol. I, 1956, page 69,
Edited by T. B. Drew and J. W. Hoopes, Jr.
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same heat flux, velocity and subcooling but one at 25 psia and the
cther at 1200 psia, the effect of pressure on the volume of steam at
the two surfaces may be obtained from the last proportionality:

or

At 25' psia the volume of vapor formed is 30 times larger than
at 1200 psia, but the lifetime of the bubbles at 25 psia is only 1/30

i the lifetime at 1200 psia. The vapor volume on the surface and the
burnout heat flux of the two heaters are not affected by the pressure
because any change in the generated volume caused by changing the pres-

[ sure is compensated by an equal and opposite change in the lifetime cf
the bubbles.

RHT/j J

J

DISCLAIMER
|

This report was prepared as an account of work sponsored by an agency of the United States
Government, Netther the United States Government nor any agency thereof, nor any of their

" employees, makes any warranty, express or implied, or assumes any legal liability or responsl-
- '- billty for the accuracy, completenes'_, or usefulness of any Information, apparatus, produQt, or

process disclosed, or represents that its use would not infringe privately owned rights, Refer-
_';nce herein to any _;peclfic commercial product, prtmess, or service by trade name, trademark,

•. manufacturer, or otherwise d_s not necessarily constitute or hnply its endorsement, recom-
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TABLE I

, EXPERIEENTAL RESULTS - BURNOUT

WITH SUBCOOLED WATER,IN SRL STRIP hzA_ER

Me&sured PredlO%e_ Devift Lon

•,qui_lent Coolsnt Sub- He_ Flux _t H®_t _lux _t Mels. from

Run Ditne_er Ve_ooity Pressure ooolln_ Bur_ou%.IQ_ Burnout.i__ Predicted
No. I=ohes f%/SO0 pais °C p0tl/hr--f+__ pou/hr-f t %

R O()I 0.250 19.0 38, 46.0 0.88 I..98 -18.3 (a)
RO02 0.250 19.0 38. 39.0 0.85 0.98 -13,2 (a)
RO03 0.250 18.0 37. 74.0 1.02 1.42 -28.4 (_)
RO.)4 0.250 19.0 36. 44.0 0.38 t.05 -16.0 (_)
RO05 0.250 19.0 38. 42.0 0.81 1.02 -20.7 (L)
RO06 0.250 19.0 40. 29.0 3.82 0.85 -3.2 (1)
R007 0.250 19.0 42. 40.0 0.83 1.00 -16_8 (l)
RO08 0.25.3 18.0 42, 16.0 0.70 0.65 7.0
ROJ9 0.250 18.0 44, 10.0 0.74 0.57 28.8(b)
ROLO 0.250 19.0 40. 6.0 0.74 0.53 38.5(b)
ROll 0.250 20.0 43. 30.0 0.94 0.88 7.0
R012 0.250 19.0 39. 29.0 0.98 0.85 16.0
ROt3 0.250 19.0 39. 28.0 0.92 O. 83 10.5
ROt4 0.250 17.0 38. 41.0 0.99 0.96 2.7
ROL5 0.250 19.0 40. 23.0 0.82 0.96 7.4
RO]6 0.250 20.0 39. 49.0 1.13 l.t4 -1.2
RO[7 0.250 19.0 39. 57.0 1.15 1.23 -6.3

RO]8 0.250 19.0 39. 29.0 0.99 0.84 17.1

ROL9 0.460 19.0 50. 45.0 0.94 1.06 -11.7

RO20 0.470 19.0 50. 45.0 1.00 1.06 -5.9
R021 0.460 19.0 50. 45.0 [.00 1.06 -5.9
R022 0.660 19.0 51. 55.0 1.21 1.20 0.7
R023 0.460 19.0 51. 63.0 1.21 1.31 -7.4
R024 0.450 19.0 5l. 71.0 1.40 1.41 -1.2
R025 O.#10 19.0 5l • 72.0 t .35 1.43 -5.5
R026 0.240 33.0 50. 45.0 I .41 1.40 0.7
R027 0,240 34.0 60. 55.0 1.64 1.61 1.9

i R028 0 250 34 0 49 33 0 ] 20 1.20 -0.4
: R029 0.250 34.0 49. 43.0 1.33 1.38 -6.3

! RO30 0.260 33.0 50. 51.0 1.53 1.50 I .5

I RO3[ 0.260 33.0 49. 56.0 I .56 1.59 -2.4
' R032 0.240 33.0 60. 41.0 I .28 1.33 -3.9

R033 0.260 33.0 49, 26.0 1,34 1.06 26. L

I R034 0.250 34.0 49. 59.0 I .52 1.67 -9.4R035 0.250 34.0 50. 61.0 I ,49 l, 7 I -13 • 3
| R036 0.250 34.0 52. 65.0 1.63 1.79 -9.0

i
t ,

(a) poor, heat balance,

(b) <
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'TABLE I (continued)

R037 0°340 [6.0 41. 23,0 0.69 0.71 -3.2
R038 0.340 17.0 40. 42,0 0.86 0.97 -Ii.7
R039 0.340 18.0 39. 59.0 0.95 1.23 -22.7

RO40 0.340 18.0 40. 56.0 1.07 1.19 -9.8

R041 0.340 18.0 39. 45.0 0.90 1.04 -13.3

R042 0.240 33.0 25. 50.0 I .19 [.49 -20.2
R043 0.250 33.0 25. 44.0 1.21 I.38 -12.5

R044 0.250 5.0 39. 36.0 0..57 0.64 -I[ •3

R045 0.240 42.0 55. 35.0 1.31 [.42 -[,4
R046 0.240 42.0 55. 39.0 1.39 [.50 -7. I

R047 0.240 42.0 55. 57.0 I .64 1.87 -12.1

RO_8 0.250 39.0 55. 54.0 1.77 1.72 2.7
R049 0.260 38.0 55. 53.0 1.76 1.67 5. [

RO50 0.260 38.0 55. 54.0 I .62 1.70 -4.7

RO5[ 0.260 33.0 86. 61.0 I .72 [.69 1.9

R066 0.260 35.0 51. 42.0 1.57 1.40 [2.4

R067 0.270 31.0 52. 38.0 1..34 1.23 8.9

R068 0.250 31.0 54. 49.0 1.39 1.42 -2.4

RO&9 0.390 34.0 86. 49.0 1.54 1.49 21 f

RO70 0.220 40.0 51. 38.0 I °44 [ .43 O. 7
RO71 0.270 32.0 51. 37.0 I .32 1.24 6.G
R072 0.270 33.0 50. 43.0 [ .30 1.36 -0.4
R073 0.230 31.0 50. 54.0 I .60 [.51 6.2

R074 0.240 32.0 50. 40.0 L .21 1.30 -(:, ,,3
R075 0.390 17.0 50. 36.0 0.95 0_89 5.8

R204T 0.240 33.3 50. 61.0 1.40 1.69 -17o 6
R2OST 0.240 33.3 85. 35.0 L.16 1.23 -5.5

R206T 0.240 32.7 30. 39.0 L.14 1.29 -11,3
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q TABLE ii
I

i EXPERIMENTAL RESULTS - BURNOUT WITHI

H AT_D ANNVLUoSUBCOOLED WATER IN SRL INTERNALLY E _ .o
t

i

Me_sure_ Predlcted Devlmtiota

! Equlv_ent Coohn_ Sub- HeLt flux L_ HeLt Flux _t ,_,_eLs.froa
Rum DiLmeter_ Velocity PressUre ooolln_ _out,'1._6 Burnou_,I0 Predicted

" No, Imzhes ft/see ps_ °C pou/hr-ft pou/hr-.ft2 %

AOD2 0.250 lO.O 43. 38.9 0.81 0.78 2,o

A053 0.250 20.2 42. 42.0 0.96 1.05 -_.C,

A054 0.250 20.2 42. 45.0 1.01 1.06 -5. [

AOq5 0.250 20.0 41. 36.7 1.03 0.95 8.o
A056 0.250 20,2 37. 6.5 0,81 0.56 45.9 (&

A0_7 0.250 20.0 53, 60.5 1.16 1.30 -[0.o

A058 0.250 20.0 62. 72.0 1.24 1.46 -15.2 (b

A059 0.250 20.0 63. 35.0 1.16 0.95 22.

A060 0.25li 19.9 65. 71.5 1.31 1.45 -9.8

A061 0.250 20.3 42. 28.6 0.97 0.86 12. I

A062 0.250 33.5 49. 39.0 1.43 1.30 9.7
A063 0.250 33.5 49. 32.5 1.3.7 1 19 15 2

A064 0.250 33.5 50. 26.5 1.29 1.08 19.J

A076 0.250 5.4 40. 33.8 0.65 O. 63 3.1
' A083 0.2q0 34.3 50. 51.6 1.51 1.56 2.[_

A086 0.250 15.0 53. 42.3 i. I0 0.04 17. '._

AI70 0.250 15.3 152. 87,0 1.46 I .69 -?.t,
A171 0.250 15.3 30. 44.0 0.99 0.97 3. l

A172 0.250 15.0 93. 40.5 1.04 1.00 lz,.0

A173 0.250 15.0 95. 50.0 1.06 1.03 1.2
A174 0.250 20.0 i00. 4.7.0 i.09 I. Ii -2.6

A077 0.375 3[.6 89. 64.6 1.82 1.71 6.6

AO_4 0.375 24.9 69. 69.1 1.25 1.28 -1.6

A085 0.375 19,8 50. 41.1 1.12 I.C3 g.')
A087 0.375 15.0 51. 5[.0 I.i0 1.03 5.[?

AIC0 0.375 12.0 65. 65.5 1.21 1.13 7.4

AICI 0.375 12.0 ii0. 70., 1.26 1.18 6.6

A102 0.375 12,0 25. 42.4 0.q8 0.86 13.?

, AI03 0.375 12.0 I00. 57.3 1.25 1.04 21.0

AIC4 0.375 12.0 40. 52.8 1.06 0.93 5.;'

A078 0.500 24.2 88. 54.1 1.66 1.33 25.2

A079 0.500 34.1 63. 48.1 1.66 1.49 11.7

A080 0.500 13.0 65. 64.7 1.26 i. 15 7.U

A081 0.500 34.6 65- 60.5 1.85 1.72 7.4

AOC8 0.500 15.0 53. 69.0 I .08 1.02 6.2

A163 0.500 23.0 524. 44.0 1.31 1.14 14. c+

!

., (b) Suspected hot spot.
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_T.____,_II (contlnued)

A164 0.500 24.5 521. 65.5 1.65 1.50 9.3

A165 0.500 10.4 525. 76.4 1.14 1.20 -4.7

A166 0.500 10.9 521. 34.6 0.89 0.76 18.3

A167 0,500 26.4 1221. 66.6 1.71 1.59 7.8

A175 0.500 20.1 I00. 45.0 1.12 1 09 2.7

A176 0.500 19.9 I00. 28.0 0.74 0.85 -12.9

A1 r7 0.500 19.8 SO. 54.0 1.06 1.20 -12.1

A3260 0.500 15.5 I00. 43.0 0.96 0.95 1.2

A327D 0.500 15.0 I00. 39.0 0.82 0.89 -8.2

A328D 0.500 15.0 I00. 37.0 0.84 0.87 -3.2

A329D 0.500 14.5 [00. 28.0 0.73 0.75 -2.4

A330D 0.500 20.0 I00. 32.0 0.84 0.91 -7.4

A331D 0.500 20.4 I00' 85.0 1,83 1.65 10.5
A332D 0.500 5.0 100. 77.0 0°97 1.02 --5.1

A333D 0.500 5.0 100. 74.0 0.97 0.99 -2.4

A334D 0.500 I0.0 I00. 36.0 0.81 0.81 8.2

A335D 0.500 I0.0 [00. 35.0 0_81 0.74 9.7

A336D 0.500 15.0 I00. 95.0 1.62 1.59 2.3
A337D 0.500 24.2 I00. 42.0 I.II 1.14 "2.8

A3380 0.500 I0.0 I00. 94.0 1.25 X.38 -9.0

A339D 0.500 I0.0 I00. 36.0 0.73 0.75 -2.4

A340D 0.500 27.9 100. 91.0 2°08 2.02 2.7
A082 0.750 21.3 63. 59.3 1.35 1.32 1.9

: A094 0.750 22.6 90. 73.6 1.72 1.57 9.7

A095 0.750 12.0 65. 64.1 1.17 I.II 5.1
AOg6 0.750 11.9 27. 45.9 0.87 0.90 -3.6

A097 0.750 11.8 II0. 73.8 1.2'7 1.22 4,3

A098 0.750 11.8 28. 47.3 0.86 0.91 -5.9
A099 0.750 11.8 iOl. 71o8 1.24 1.19 3.9

A168 0.750 13.2 521. 55.4 1.14 1.05 8.9

A169 0.750 8.5 1141. 74.0 I.I0 i.lO -0.8

A_23D 0.750 I5.0 I00. 63.0 1.28 1.[9 7.8

A089 1.000 13,5 52. 57.4 1.09 1.08 1.2

AOO0 1.000 16.4 60. 65.1 1.34 1.26 6.6
AO91 1.000 19.2 75. 67.8 1.55 1.40 12.4
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•I .. TABLEIII
't , ' EXPERIMENTAL RESULTS - BURNOIg2 WITH SUBCOOLED

WATER IN COLUMBIA UNIVERSITY INTERNALLY I{EATED ANNULUS

, Data abstracted From DP-805 - Table VII

MeLs_a'e_ ]_edic%ed Deviation

Equi'v'zlent Cool_nt; Sub-. He&% Flux at Hes,'t Fl'ux st Mess..from
,Run.' Dizmeter Velo,oity Pressure ooolt_g _u_Out , 1Q6 Burnout, 106 Predicte_

%,

con7 0.650 20.0 lO00. i5.0 0.64 0.67 -4.7
C008 0.650 20.0 I000. 27.0 0.83 0.84 -0.8
C009 0.650 20.0 I000. 37.0 1.01 0.q8 3.5

" COl O 0.650 20.0 1000. 44.0 T.I6 1.07 8.2
C011 0.650 20.0 I000. 33.0 0.93 0.92 1.2
COl2 0.650 20.0 lO00. 21.0 0.73 0.75 -3.2
C013 0.650 20.0 I000, 5.0 0.52 0.53 -2._, (a)
C0[4 0.650 I0.0 1000, 39.0 0.73 0.78 -6.7
C015 0.650 lO,O I000. 50.0 0.81 0.90 -I0.2
C0[6 0.650 i0,0 I000. 61.0 0.89 1.01 -12.5

C0t7 0.650 19,0 I000. 70,0 0.95 I.II -14.0
[ C018 0.650 I0.0 I000. 58.0 0.84 0.9.8 -14.8

C019 0.650 I0.0 I000. 31.0 0.65 0.69 -6.3
C020 0.650 I0.0 I000. 23.0 0.61 0,61 0.4
C021 0.65_ I0.0 I000. 16,0 0.57 0,53 7.0
C022 0._50 10.0 1000. 6e7 0.54 0.143 24.9 (a 1

C023 0.6_0 I0.0 I000. 2,8 O. 52 0.39 33.5 La)
C024 O. 6_I 20.0 I000. 21.0 0.68 0.75 -9.7
C025 0:650. 20.0 I000. 32.0 0. 82 0. 91 -9. 7
C026 '0.650 10.0 I000. 43.0 0.74 0.82 -i0.2
C027 0.650 20.0 I000. 33.0 0.86 0.92 -6.7

C028 0.650 20o0 lO00. iO.O 0.54 O. 60 - lO. 2

C029 0.650 20.0 lO00. IO.O 0.55 0.60 -8.6
C030 0.650 15.0 I000. 3.3 0.49 C'.45 S.6 la 1
COBI 0.650 15.0 I000. 8.3 0.52 0.51 1.2 a, )
C0_2 0.650 15.0 1000. I_.O 0.56 0.58 --'. 3

I C033 0.650 '5.0 1000- 23.0 0 .6' 0.69 -7.8

l o o.oooo ooo o o o8 oo3 o o o ooo o o oo
o o o o ooo o oi o
co39 0.650 lO.O looo. 54.o o.82 o. 9,, -12.9
c040 0.650 20.0 IOOO. 25.0 0.75 o.P,] -7.t,
C046 0.650 20.0 500. 9.6 0.65 0.59 9.7 (a)
c0,,7 0.650 20.0 500. 23.0 0.72 0.78 -7.8
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TASLE III (continued)

COq8 0.650 20.0 500. 30.0 0.78 0.88 -11.3
C049 0.650 15.0 500. 31.0 0.79 0.79 -0.4
C050 0.650 15.0 500. 17.0 0.63 0.62 1.6

C05I 0.650 20.0 500. 32.0 0.82 0.91 -9.7

C0_2 0.650 20.0 500. 24.0 0.70 0.80 -12.1
C053 0.650 I0.0 I000. 33.0 0.68 O. 71 -5.1

C054 0.650 15.0 1000. 32.0 0.68 0.80 -15.6
C055 0.650 15.0 I000. 34°0 0.86 0.83 3.5

C056 0.650 20.0 1000. 24.0 0.86 0.79 8.2

_o_ o._o_ooo,oooo_o_ o_, oo_o _,__
_o_ Oo_O _ooo_ooo _3 oo_o oo,o _o___o_ooo_o ,ooo,OOOo,_o o_ o._, _oo

_o_ oo_o ,ooo_oooo_oo oo_, o,_ _

_oo_oo_o ,OoO_ooo_8 oo_, oo_ _o_I_>
C067 0.65015.0 500. 3.3 0.67 0.45 48.2 '._\ ,
cos8 0.650 20.0 500. 3.3 0.61 o.s, 198 (_)c071 0650 10,0 _00. 1_0 056 0.54 31
c073 0650 100 ,000 83 o ss o,.s 226
C074 0.650 15.0 I000. 8.3 0.54 O. 51 5. I a

C075 0.650 20.0 lO00. 8.9 0.57 0.59 -2.7 a

C076 0.650 20.0 i000. 17.0 0.71 0.70 1.6
C077 0.650 24.0 I000. 17.0 0.75 0.77 -1.6

C078 0.650 20.0 I000. 17.0 0.70 0.70 0.4
c0_9 0.650 20.0 ,000. 17.0 0.69 0.70 -4.7
c080 0.650 5.0 Iooo. ,7.0 0.74 0.,,7 58.8 (b)
c0_1 0.650 10.0 ,000. 26.0 0.66 0.64 3.1
c0_2 0.6_0 15.0 1000. 25.0 0.72 0.72 o.
coa3 0.650 20.0 1000. ,7.0 0.7, 0.70 1.6
co64 0.65.0 5.0 ,ooo. 34.0 0.72 0.63 15.6
C085 0.650 15.0 500. 33.0 0.82 0.82 0.4

c086 0.650 15o0 500. 32.0 0.82 0.80 1.6



..._r,.,_,III (continued)

C087 0.650 I0.0 500. 33.0 0.67 0.72 -6o7
COg3 0o650 20.0 lO00. 23.0 0.72. 0.78 -7,8 '
C094 00650 20.0 750. 16.0 0.69 0.68 0.8
c0_5 0,,650 10.0 750. 14.0 0.68 0.51 33.1 (._)
COg6 0.650 lO.O 750. 33.0 0.78 0.72 8.9
C097 0.650 10.0 500. 2.2 0.74 0.38 93,,0 a)
C098 0o650 10.0 500. 7.8 0074 0.44 66.5 a,:"
C102 0°650 20.0 500. 23,,0 0.84 0.78 7.4
C105 0.650 15.0 500. 33.0 0.82 0.82 0.4
CIO7 0.650 20.0 1000. 24_0 0.77 0.79 -3.2
CI08 0.650 20.0 I000. 25.0 0.78 0.81 -3.6
CII. 7 0.650 20.0 500. 34°0 0.95 0.93 1.6
CI18 0.650 l 2 0 " 0 l 5 O 0 " l 62.0 1.06 1.33 -19o8
CI19 0.650 20o0 1000. 50.0 1.29 1.16 11.7
C120 0.650 20.0 I000. 58.0 I .43 1.27 12.8
CI2L 0.650 20.0 I000. 66.0 I .56 I.37 13.2

(a) TS_ !O°C.

t 20: V_5 fit/sec._b) TS _ C,

(,_)Ts<=5°c, V_: I0 ft/see
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TABLE IV

' NUMBER OF EXFERIMENTS AND DEVIATIONS FOR COMBINATIONS
OF VARIABLES

PS_ D',o • PA, DM , ...... _PA_ DL. _..... Va v_ WL' II _/g- :: "'--TE--M ::;.u/ ,, Vs ;,',; ¢'
....... _. ] "i i l 11,i i I : .... , _i',I I'I'_ I _ i II -- _ l ..... L.I, ,i I iii I I ,,, I li "_ • ....

:T 0_ 8 _l I!o - 1 ....... o o o o
"_19.3% +26.1% -3.2%

, _ i._.... 2__ iI 4 _2 2 _ _ o
" ] +3._% +3..9% -2.3% II +7.8% -8:9% +9._,% _.8%

I ,, .. ,. ,, ,J ...... , ,, ,, ,,,,,,,, J ....... _ ..... _ -

_ 0 2 3 2 3 0 l 2 0

PM_ Ds PM, DM .... PM, DL--

,:/:_ Vl,,, V L , Vo V,,, VL VS V,v, VT_. ,.... _{ --_ ,, , ,L_ __ . ,..d ... ,l',b . _ _

0 0 0 i i 0 2 4 0

TS +2 4{ -3.5-2._% -12.9_ +3[-,- -l_._.
.... - ...... . ,, , L

1 i 7 6 1 6 2 0

TM '_.6% +6.1% +5.6% _ 7_ ...._.1%
_.o% -;_._% -_'._'% +_.o% +2_',2% 2.7% to[_ -9._%

,TL 0 i 1 6 , 3 i _ 0-z +7.5% -_.1%
-_._% i._ -91 +_o._ 6.6_ _ -_9.8%

_j PT,, DM.. PL, DL_ _......v_ ?_, s -v_ .....iii ',s vM ....v_._ l',vs _:_,..__...."_-

T: +o.9% -_. 3%_

o o oiioo o H_ll'Z_'9""+_.8,_II+  .7o o
o o o,,o o .......o%

II +_.s_ ii-_.8%+z_._%

Numbers in blocks are total tests in group, average and maximum deviations
from correlation. Subscripts indicate levels of variables.

Range Small Medium Large

P. Pressure 20-80 80-700 700-1200
Equivalent Dia. 0.2-0.3 0.3-0.6 0.6-1.0

V Veloclfiv n-l_ ._c -_n -,,-,_,
T, Subcooling 10-30 30-60 60--9_
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TAB ,__V

STANDARD D_EVIATIQN OF ._/ULA[I BURNOUT DATA

Percent Standard Deviation (2@') of Data

from the Equation _ = D(I+AV)(I+BT s) for
Several Values of A and B

A Selected Value of A

o.030 o.o3 O.O4O 0.045•......
= ........ , _ .-,

, ,

0.020 20.7% 20.1% 19.9% 20.0%

0.025 19o 5% 18.7% 18.5% 18.7%

_.Selected
0.030 19.1% 18.4% 18.2% . ].8.3%: TM Value of B

0.040 20.1% 19:5% 19.3% 19.4%
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FIGURE 1

BURNOUT COR___LATION FOR ANNUL6R CHANNELS

SRL Strip Heater

o SRL Internally Heated Annulus

u Coltmlbla University Internally
Hea ted Annulus

Predicted Burnout Heat Flttx, 105 pcu/(hr)(ft 2)

, ,;lr i_i_
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