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ABSTRACT

Forced—-convection critical heat flux data and correlations
are presented for both heavy water (D:0) and light water {(H,0)
coolant., The data were obtained with stainless steel and alumi-
num heaters which formed the imner wall of an annular channel.
The critical heat flux for D,0 was determined to be 167% greater
than that for H;0 at the same coolant velocity and subcooling.
The critical heat flux for aluminum heaters was determined to be
at least 20% higher than that for stainless steel at the same
coolant velocity and subcooling. A brief discussion of possible
mechanisms for the difference is included. A combined improve-
ment of 40% in the burnout heat flux is shown for aluminum heat-
ers with D;0 coolant over that for stainless steel heaters with
Hz0 coclant. The results are for ideal heaters. When using the
equations discussed in this report, factors must be applied for
nonidealities such as the effect of spacer ribs.
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INTRODUCTION

A reactor at the Savannah River Plant has operated at the
highest neutron flux ever achieved in a nuclear reactor,
6,1 x 10*° n/(cm®*~sec). This neutron flux was attained by
operating at heat fluxes in excess of 2,66 million Btu/(hr-ft?*).

The Savannah River Laboratory and Columbia University have
been engaged in studies to define the critical heat flux for sub-
cooled nucleate boiling. The results of these studies are used
in optimization of the fuel assembly design and in developing
specifications for components required to achieve the very high
power densities., Initial efforts were aimed at relating the heat
flux to the usual variables of wvelocity, temperature, pressure,
and geometry. In additiom, the effect of many nonidealities which
lower the burnout heat flux, e.g., spacer ribs and local hot
spots, were also studied. *~*

The Savannah River fuel geometry consists of annuli through
which D20 flows past the bounding fuel surfaces. Coclant condi-
tions range up to velocities of 70 ft/sec, pressures of V150
psia, and effluent temperatures of about 180°F,?

Most of the experimental studies before 1967 were made with
stainless steel or copper-nickel heaters because of power and
current limitations at SRL, even though coextruded aluminum—
clad, uranium-aluminum alloy fuel tubes are used in the Savannah
River Plant reactors. Also, light water (Hz0) was used as a
coolant in place of D0,

More recent studies (after 1967) have been concerned with
the accuracy of critical heat flux data, effect of coolant, and
effect of heater material, The initial mathematical correlation
based on improved data obtained with stainless steel heaters and
H,0 coolant was presented earlier.”® This report presents the
data used in the earlier correlation along with recent critical
heat flux results obtained with stainless steel heaters with D;0,
aluninum heaters with Hz0, and aluminum heaters with Dp0.
Correlation of these groups of data 1s presented. A generalized
empirical correlation of all the data is also presented.



SUMMARY

Empirical correlations of the critical heat flux are pre-
sented for individual data groups (stainless steel heaters -
Hz0 coolant; stainless steel heaters - D;0 coolant; aluminum
heaters - Hz0 coolant; and aluminum heaters = Dz0 coolant),
These correlations are applicable to subcooclings greater than
45°F and should not be extrapolated beyond coolant conditions
shown in Table I; however, the results can be applied to surfaces
longer than 24 inches, The critical heat flux for D,0 is 16%
greater than for H20 at constant coolant subcooling and wvelocity.
The critical heat flux of aluminum heaters is a minimum of 20%
greater than for stainless steel. The combined effect of D30
coolant and aluminum surfaces is a 40% increase in critical heat
flux compared to that for Hz0 coolant and stainless steel surfaces.

The results presented in this report are for ideal surfaces
and do not include allowances for nonideal effects such as
spacer ribs on the critical heat flux. Studies concerning the
presence of ribs and other nonideal effects are in progress.



DISCUSSION

EXPERIMENTAL EQUIPMENT AND PROCEDURE

Experimental data were cbtained at the Columbia University
Heat Transfer Facility and the Savannah River Heat Transfer
Laboratory. The ranges of test conditions are summarized in
Table I.

TABLE I

summary of Test Conditions®

Heater Coclant
Diameter or Equivaient
Width, Length, Diameter,

Laboratory Material inches inches Material inches Geometry
Savannah River Stainless Steel 0,5 24 H.O 0.375 annular
Savannah River Stainless Steel 0.5 24 L.0 0.375 annular
Savanngh River Stainless Steel 2,0 20 H,0 0.4 - 0.5 rectangular

Columbia Stainless Steel 2,125 24 H,0 0.4 annulaxr
Columbia Stainless Steel G.75 24 H20 0.4 annular
Columbia Stainless Steel Q0,75 24 0.0 0.4 annular
Columbia Al uminuimn 0,75 24 Ha0 0.4 annular
Columbia Aluninum 0.75 24 D;0 C.4 annular
Columbia Aluminum 1.00 24 H;0 0.4 annular
<. Range of Test Conditions:
Coolant velocity 15-60 ft/sec

Coclant subcooling  7-160°
Critical heat flux 1-6.5 x 10° Btu/ (hr-£ft?)
Pressure 30~-95 psia

Burncut Detection:

SRL — visual observation of incandescent spot
CU -- bridge-type detector or physical failure

b. Data below 45°F subcooling not used in correlations (See Figure &)

SRL Test Loop

The flow loop and test section cross section at SRL are
shown schematically in Figure 1. The loop consists of a pump,
deionizer, surge tank, heat exchanger, and the test section., The
locp was filled with distilled water. The water was deionized
and degassed at the beginning of each day of testing. Flow is
measured with a Potter turbine flow meter, Maximum flow rate is
60 gpm. Water enters the top of the test section and flows down-
ward past the heater, Beoth inlet and outlet temperatures are
recorded. OQutlet pressure and pressure drop across the test

-7 -
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section are also recorded., Heat is generated by resistance
heating with DC power. Eight welding generators connected in
parallel provide 320 KW at 8000 amp DC.°

Tests are made at constant power and flow by increasing the
bulk temperature to the point of burmout (point at which the
critical heat flux is exceeded). By interrupting a test when a
spot on the heater glowed red (before physical burnout), multiple,
reproducible tests could be made on the same heater., As—drawn
annealed stainless steel tubing was used to fabricate the heaters,
No special precautions were taken to ensure uniform surface
finish on the test sections, except that heaters with clrcumfer-
ential scratches or marks were not used.

An initial check test was run on each heater. This check
test was repeated after approximately every five tests, If the
check test varied by more than 5% from the original check test,
the heater was discarded. A change in critical heat flux for
the same experimental conditions was usually caused by bowing of
the heater. Alignment of the heater and housing was one of the
most important factors in obtaining reproducible data. The
heaters have four alignment ping, 2.5 inches from the end of the
heated length on either end.

Columbia University Test Facility

The Columbia Univeyxsity Heat Transfer Facility has a 3,5 MW
DC power supply from two motor generator sets., The generators
are connected in parallel and can supply a maximum of 20,000 amp
at 175 volts., This power source was used to heat test elements
under simulated reactor conditions,

The Columbia test loop (Figure 2) has a maximum pressure
rating of 250 psig and consisted of two centrifugal pumps, three
shell and tube heat exchangers, a deionizer, a piston pump to
control pressure, cennecting piping, and a housing section to
accommodate test sectioms. Two pumps connected in series are
capable of providing 200 gpm at 350 ft differential head., The
loop piping is stainless steel, but aluminum and copper did
contact the water as part of the test section. The water was
deionized and deaerated before each series of tests.

The flow rate was measured by a Potter turbine flow meter,
and the inlet and outlet temperatures to the test section were
measured by iron-constantan thermocouples and a temperature
sensor. The inlet and exit pressures were measured by Bourdon-~
tube pressure gages, and the pressure drop acress the heated
length of a simulated fuyel rod was measured with a U-tube mano-
meter,



Water
Storage
Tank

WIX
. Test Section Cross Section

tHeater (Aluminum or Stainless)

Coolant Channel
{D,0 or H,0)

ATuminum Housing

<

Deionizer

Fi11 Li
i1t Line Test

{:><:}_ Section

Control
r Valve
*
Te;t
Piston Pump Section
e

#

40 H.P.

’/,»Qentrifugai Pumps

e

7.5 H.P,

Heat
Exchanger

FIG. 2 Schematic of Columbia University Low Pressure Loop

- 10 -




The aluminum heaters were constructed of Type 5052 aluminum
drawn over ceramic spacers. The heaters were installed verti-
cally with the cooling water flowing downward. The test sections
had a heated length of 2 ft and an overall length of 6 ft., The
heater formed the inner wall of the coclant annulus. The outer
wall was constructed of aluminum sleeves designed to give the
desired equivalent diameter. 'The extension pieces which comprised
most of the length of the test section were either Type 6061
aluminum, nickel 200, or electrolytic copper. The electrical
connectors at the ends of the test section were silver-plated
copper.

Thermal expansion of the test section was permitted by
"O'"-ring seals on the top and bottom. Counterweighting the heavy
bus connectors prevented large tensile or compressive forces on
the test section and also increased the reliability of the joints
of the test section,.

The concentricity of the heater tube in the annulus was
maintained by three sets of spacer pins mounted in the wall of
the outer annular surface. Three asbestos phenolic pins in
each set were spaced at 120° intervals. The pins contacted the
heater with a concave surface, which matched the curvature of
the heater tube, $Six sets of three pins each were used in later
tests to improve concentricity.

Tests were conducted at constant flow and exit bulk
temperature. The inlet temperature was decreased as the power
(heat flux) was increased to the point of burnout. Multiple
tests could be made on a stainless steel heater by using a
resistance bridge burnout detector to terminate the test before
heater destruction. Some test conditions were recorded as safe
operating points with aluminum heaters to avoid heater destruction.
(The low melting point of the aluminum and high power density
made use of a burnout detector impractical.)

RESULTS
H:0 Coolant and Stainless Steel Heaters
The SRL H,0 results (Figure 3 and Table B~1) are correlated

by the following empirical equation:*

Q| = 153,600 (1 + 0.0515 V) (L + 0.069 T ;) (1)
A Cr s

* The nomenclature is given on page 31.
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The correlation is based on 132 experimental burncut points
(through test 835 in Table B~1) obtained with 10 different heaters.
The standard deviation was 3.5%., The correlation has been verified
by an additional 106 points cbtained on 10 additional heaters
(tests after 835 in Table B-1). The tests before test 619 were
used to develop data acquisition techniques and to determine control
required to obtain reproducible data. After test 619, all data
were recorded on recorders., The correlation of the additional

106 points had a standard deviation of 4.,4%. The magnitude of

the standard deviation and the maximum deviation (10%) indicate
that the scatter in the data can be attributed to experimental
errors. Data for subcooling below 45°F subcooling were not used

in the correlation because of additional void effects below this
subcooling., Data ocbtained on bowed heaters, on heaters with
fabrication defects, or in tests with poor heat balances were
excluded from the analysis., Equation 1 was based on SRL data

for one geometry, i.e., annular downward flow with %-inch-OD x
24-inch-long heaters and a 0.875-inch-ID housing.

However, the Columbia University data (Figure 4, Table B-2)
on both 3/4-inch and 2,1-inch~0D heaters agree well with
Equation 1, although the scatter of these results is more than
with the SRL results. Approximately 200 tests were conducted at
Columbia University. The first tests (138 total) were conducted
using an inflexible mandrel-type heater design. Acceptable data
were not cbtained with this design (large scatter and no
reproducibility); therefore, all these results were digcarded.
Other results were discarded because of heater defects, poor
alignment, or poor heat balances, The remaining 27 points are
shown in Figure 4.

Critical heat flux data were obtained by Thorgerson’ at SRL
with a Z2-inch-wide rectangular channel heated from one side,
These data (68 points)}, shown in Figure 5 and Table B-3, agree
very well with Equation 1. Thorgerson's data for gap thicknesses
of 0.2 to 0.24 inches had a standard deviation of 5.9% and a
maximum deviation of 147 from Equation 1.

The improved correlation of data over previous studies®”*
can be attributed to better data acquisition. Furthermore, by
linmiting the correlations to subcoolings greater than 45°F, the
correlations are even better, As shown in Figure 6, there is a
distinet break below 45°F in the curve of critical heat flux as
a function of subcooling at constant mass velocity or linear
velocity based on inlet volumetric £flow rate. The break in the
curve can be accounted for by increased vapor volume at the
critical condition, which causes an increase in the local
velocities for uniformly heated tubes; hence, the increased
critical heat fluxes.

- 13 -
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The results presented in Figures 3, 4, and 5 were gbtained
at pressures of 30, 55, and 95 psia. No pressure effect was
apparent for subcoolings greater than 45°F. However, at lower
subcoolings (<45°F) there was a pressure effect, but additional
data are required to verify the extent of the effect,

Equation 1 has been compared with a number of other critical
heat flux correlations by Gambill.® He compared his correlation
with Equation 1, Mirshak and Towell,* Provarnin and Semonov,® and
Griffel.® The critical heat fluxes agreed reasonably well. How-
ever, both Mirshak and Towell and Griffel developed correlations
applicable to subcoolings below and above 45°F, which accounts for
some of the differences between those correlations and Equation 1.
Equation 1 predicts eritical heat fluxes about 41% higher than
the correlation in Reference 2 at 135°F subcooling, 50 psia, and
25 ft/sec, and about 23% lower at 45°F subcooling, 50 psia, and
25 ft/sec. The data in Figure 3 have been correlated quite well
with Reynolds' analogy.’

D.0 Coolant and Stainless Steel Heaters

The critical heat fluxes for D:0 are correlated by the
following equation and are summarized in Figure 7 and Tables
B~4 and B-5,

81 = 178,000 (1 + 0.0515 V) (1 + 0.069 T_ ) (2)
A or sub

The data include 37 points obtained at SRL and 6 points obtained
at Columbia University. The standard deviation from the corre-
lation is less than 4Z.

Because of the possibility that critical heat fluxes for
Dz0 might be higher than for H:0, studies were initiated to
better define the critical heat flux with Dz;0 ceolant., Because
of the high cost of D0 ($30/1b), special precautions were
taken to reduce losses. The D,0 used at SRL was 937% D,0 and 7%
H;0. Similarly, data at Columbia University were obtained with
907% Dz0 and 10% H.0. Because the SRL data for D20 were obtained
with the same apparatus and type of heaters as used for the H,0
data, the comparison of these data should indicate quite accurately
differences in the critical heat flux due to coolant. The critical
heat flux for D0 measured in the tests is 16% higher than that
for Hz0 at the same velocity and approximately 8,574 higher at the
same mass velocity., The critical heat f£lux is estimated to be
1% higher for 99.97%2 D.0 (linear extrapolation).

- 17 -
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Aluminum Surface and H,0 Coolant
Background

The effect of heater material on the critical heat flux has
been investigated with pool boiling conditions.*®s*' Tests
indicated that although stainless steel and copper had equivalent
critical heat fluxes, critical heat fluxes for aluminum were up
to 20% greater. Becaugse the thermal properties of copper are
much better than those of aluminum and because the critical heat
fluxes for copper agree with those for stainless steel, the higher
eritical heat flux for aluminum at pool boiling conditions cannot
be attributed to the thermal properties.

Previous work at Savannah River Laboratory indicated that
critical heat fluxes for aluminum with forced convection cooling
were higher than those for stainless steel, These tests were
limited by the power supply at SRL. In 1966, a program was begun
at Columbia University to measure the burnout heat fluxes with
aluminum suxfaces over a broader range, Initial heater designs
at Columbia University contained an indirectly heated aluminum
tube two inches in diameter (stainless steel heater electrically
insulated from an outer aluminum sheath). Thermal expansion and
assembly problems limited operation to heat fluxes below about
1.5 x 10° Btu/(hr-ft®). Higher heat fluxes were subsequently
obtained with direct resistance heating of aluminum heaters with
diameters of 0.75- and 1.0-inch.

Kesults

The critical heat flux results for aluminum heaters and Hs0
coolant included 18 tests with physical burnout, 22 tests with
safe operating points with critical heat fluxes more than 20%
greater than stainless steel at equivalent coolant conditions,
and 20 tests with safe operating points with critical heat fluxes
between 15 and 207% greater than stainless steel heaters. These
results are correlated by the following equation and are shown
in Figure 8 and Table B-6.

%l = 188,000 (1 + 0.0515 V) (1 + 0.069 Tg.p) (3)
Cr

Deviations from the correlation ranged from -6.67 to +16% for
heater thicknesses of 0.020, 0.028, and 0.035 inches.

Critical heat fluxes were also determined for aluminum~oxide-—
coated aluminum heaters. The oxide coatings were formed either

- 19 -
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by a commercial anodizing process or by steam autoclaving at SRL.
The anodized heaters obtained from the first wvendor had a
specified oxide thickness of 1 mil., After several tests, the
oxide was measured to be a minimum of 2.4 mils thick. The oxide
layers formed by autoclaving at SRL were up te 0.6-mil thick, and
the anodized heaters from a second vendor had a maximum oxide
thickness of 1.4 mils. There were significant differences in

the thermal conductivity of the oxides [0.4 to 0.7 Btu/(hr-£ft-°F)].
The thermal conductivities were calculated from the known oxide
thickness, the heat flux at failure, an estimated surface temp-
erature of 360°F based on some special surface temperature
measurements at SRL, and the internal surface temperature equal
to the melting point of aluminum at the time of failure. The
oxide thickness was determined by metallographic sectioning and
measurement of the oxide thickness on a 1000X photograph of the
section,.

Test sections that operated at heat fluxes corresponding
to internal temperatures in excess of 1100°F failed by internal
melting instead of local burnout. Internal meiting was verified
in several tests by an internal thermocouple., The results of
these tests are summarized in Figure 9 and Table B~7. The oxide
did not directly affect the critical heat flux, but did limit
the operating heat flux when the large temperature gradients
across the oxide layer caused internal melting.

Aluminum Surface and D20 Coolant

Several tests conducted with aluminum heaters and D20
coolant are summarized in Table B-8, The observed critical heat
fluxes are correlated by the following equation, which predicts
critical heat fluxes 40% greater than for Hy0 and stainless
surfaces:

RAIC = 218,000 (1 + 0.0515 V) (1 + 0.069 Tg,) )
r

Data shown in Figure 10 are compared to Equation 4 and verify

the independent increase in critical heat flux of 207 for aluminum
over stainless steel surfaces and of 16% for D0 over H,O0 coolant
discussed earlier.

CORRELATION OF DATA

The correlation of all the data presented for D20, H.0,
stainless steel, and aluminum based on a least squares regression
analysis is:

- 21 -
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4o \0+573 0.759 0.621/ \0.190
8] = 1360( 22 pCp T oCp K (5)

Cr C sub/ . H H

This empirical correlation fits the data with a standard deviation
of 4.8%7 and a maximum deviation of 16%. The data are compared
with this equation in Figure 11.

The most striking differences in physical properties between
Hz0 and D0 at 262°F are density, viscosity, and heat of wvapori-
zation as indicated in Table II, Although the density affects
the volumetric heat capacity, and the viscosity represents a
measure of the shear stress in the laminar sublayer, factors
containing only density and viscosity have not been applied
quantitatively with success to correlate critical heat flux data,

TABLE II

Properties of Light Water and Heavy Water

Evaluated % D20
Property Temperature H,0 Value D>0 Value - Contribution
Tgats °F - 312 313 + 0,321
Thulks “F - 212 213 + (.472
T, °F - 262 263 + 0,382
W, lbp/ (ft-hr) T 0.5082 0.5566 + 9.52
o, lbg/ft T 0.3542 x 107 0.3501 x 10”* - 1.16
(We/Re) T 0.0372 0.0611 +10.4
p, lby/ft? T 58.5 64.9 +10.9
cp, Btu/ (lbg="F) T 1.02 0,994 - 2,55
pcp, Btu/(f£°-°F) T 59.7 64.5 + 8.04
p, lbp/ft? Tsat 57.0 63.1 +10.7
X, Btu/lby Tsat 901 824 - 8.55
ph, Btu/ft® Tgar 51,300 52,000 + 1,36
k, (Btu-ft)/(hr-ft*-°F) T 0.396 0.371 - 6.3

The ratio of the Weber and Reynolds numbers in Equation 5 can
be interpreted as the ratio of viscous forces to surface tension
forces acting on a bubble at the surface. The viscous forces are
attempting to remove the bubble (delaying burnout), and the surface
tension forces are attempting to retain the bubble on the surface.
The choice of the ratio of Weber and Reynolds Numbers is based on
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Measured Critical Heat Flux, 10° Btu/{hr-f12)
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Chang's analysis.'® The second term in Equation 5 (pCp Tgublc

expresses the heat removal capacity of the coolant on a unit
volume basis., This term includes both the effects of coolant
subcooling and of variation in the volumetric heat capacity of
the coolant.

The third temm (pCp)y and fourth temrm (k)y in the correla-
tion are the volumetric heat capacity and thermal conductivity
of the heater, respectively. These terms express the ability of
the heater surface to absorb heat and to fin heat away from hot
spots on the surface. Unlike pool beiling behavior previously
discussed, the thermal properties of the heater are important at
forced flow conditions. The differences in the properties of
stainless steel and aluminum are summarized in Table III.

TABLE III

Properties of Stainless Steel and Aluminum

_ Aluminum
Stainless Steel Aluminum Contribution,
Property Value Value %
k, (Btu-ft)/(hr-fe*-°F) 10.0 117.0 +1070.0
p, lbg/£t? 501.0 167.0 - 66.7
cps Btu/ (1by~°F) 0.120 0.245 + 104.0
PCps Btu/ (ft3-°F) 60.1 40,9 - 31.9

Equation 5 was also compared with some earlier critical heat
flux data cbtained with Cu-Ni heaters and H.0 coolant (Figure 12),
The average deviation of these data from Equation 5 is V16Z.
This error could be decreased by including these data in the
correlation, However, the functional dependence of Equation 5
on heater properties would still at best be empirical.

2

Because of the limited range of data used in Equation 5, the
functional dependence of the critical heat flux on coolant and
heater physical properties can be very misleading., This is
apparent in the comparison with Cu-Ni data of Figure 12. Hence,
Equation 5 is applicable only to the range of data, ceolant types,
and heater materials summarized in Table I,

The data in Figure 13 indicate an effect of heater thickness

on the critical heat flux, Available data*®s'? for thin stainless-
steel heaters also indicate that the critical heat flux is a
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Meosured Critical Heat Flux, 108 Btu/(hr-f12)
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(Equation 5)

FIG. 12 Comparison of Equation 5 With Cu-Ni
Critical Heat Flux Data
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function of heater thickness. For stainless steel, this effect
disappears at a thickness of 0.004 inch. Because of the factor
of 12 difference in thermal conductivities, the critical heat
flux for aluminum would approach an asymptotic value at about
0.050 inches which is verified by the trend shown in Figure 13.

In an attempt to understand the increased critical heat
fluxes for aluminum versus stainless steel, an analytical model
was developed for computer analyses. The model accounted for
internal conduction and used surface heat transfer coefficients
as a function of surface temperature. Burnoul was initiated on
the surface by decreasing the heat transfer coefficient at a
local area to one~tenth the steady state value. This reduction
represents placement of a4 vapor film on the surface. The heat
transfer coefficient was held constant for some fixed time and
was then allowed to follow the temperature dependence model.

The surface then either recovered or melted. The time which
represented the point between recovery or melting was a function
of hydrodynamic conditions. This dynamic model did indicate

that stainless steel should not have as high a critical heat

flux as aluminum, but this analysis could not indicate magnitudes.
The result of this theoretical study indicated that the difference
was due to the time scale of burnout and the finning ability of
that portion of the heater with temperatures below the Leldenfrost
point. ‘Note that a heater material effect based on thermal pro-—
perties would not be applicable at pool boiling coenditiens, where
the vapor films are large, and the buoyancy forces and vapor
residence times are controlling.

The equations presented in this report are applicable only
to ideal surfaces. Preliminary studies at Savannah River Laboratory
to determine the effect of a 60-mil spacer rib contacting a
stainless steel or aluminum heater indicate as much as a 40%
reduction in the respective critical heat flux predicted by the
ideal correlations. The reduction in heat flux by the rib is a
function of the subcooling and velocity.
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APPENDIX A

NOMENCLATURE
%IC = critical heat flux, Btu/{hr-ft®)
r
%g = ratio of the Weber Number to the Reynolds Number,
UV/Ug(‘_
Zpy *
We = Weber Number, VﬂDp
ugc
VoD

Re = Reynolds Number,-7j—

T = film temperature, (Tgat + Thuik)/2, °F
Tgub = coolant subcooling (Tgat = Tpyik)s F
Te = coolant saturation temperature, °F
Thulk = bulk coolant temperature, °F
D = diameter of bubble on heater surface, ft
Do = coolant channel equivalent diameter, in
V = coolant velocity, ft/sec
g, = gravitational constant, (1bp-£t)/ (Ibg—sec?)
cp = specific heat capacity, Btu/ (1by—~"F)
= thermal conductivity, (Btu-ft)/(hr-fc*-°F)
= coolant viscosity, lbg/{ft-sec)
surface tension, lbg/ft

= heat of vaporization, Btu/lby

v o> G v O~
It

= density, 1lbp/ft?®

caolant
heater

Ii

Subscripts:

Il

C
H

* All coolant properties except heat of vaporization were
evaluated at film temperature; heat of wvaporization was
evaluated at saturation temperature, Heater properties were
evaluated at saturation temperature.
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APPENDIX B

CRITICAL HEAT FLUX DATA

The following data are tabulated in this appendix,.

Run Number

Heater ID — identification, if known
Length, inch
Dia, — diameter or width of rectangular channel, inch
Thick. — thickness, inch

Coolant Channel Equivalent diasmeter, inch
Pressure drop, psi
Conditions at point of burnout

Pressure, psia
Velocity, ft/sec
Subcooling, °F

Critical heat flux, Btu/hr-ft*
Comments pertinent to test data exelusion from correlations

1. Subcooling less than 45°F

2. No burnout

3. Heater bowed or damaged during previous test

4, Flaws in heater fabrication

5. Poor heat balance

b Safe operating point — flux tooe low to validate

appropriate correlation

7. DPressure effect — observed only at 95 psia and
velocity of 15 ft/sec
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TARLE -1
CRITILAL HEAT FLUX DATA

STAINLESS STEEL -LIGHT wATER SAVARNAH RIVER LABORATURY
RUN HEATER CLUGLANT CHANNEL  PRESSURE  LGUAL CUCLANT CONDLITICNS AT RURNOUT CRITICAL COMMENTS
NUMBER [0 LENGIN UlA. THICK. SGULV. DIa. DRUP PRESSURE VELGCITY  SUBCDOLING HEAT FLUX
IN. Ina In. 1M Pyl PSIA FT/SEC DEG F 108 BTU/HR=-SQFT

6lY% DT c%.0  ULH00 UalZe YL 7.85 55,38 30.08 95417 3.076

6240 U7 24.0 DeSuu Ueldy 0.375 T7.85 54,39 25.91 88,22 2.878

62l DT £4.0  D.500 24120 34375 Taitl 55,93 29.80 T2.70 2.421

22 07 Zwav Qeduu walew FEEYS) T.2% 55,31 29474 51.57 1.856

6&s DI Z2a.u 0.B00 G,020 0.575 1.1z 54,81 29.75 53.05 1.865

624 D7 Zasu V%Wl welew s 375 feul 53487 2976 37.35 1.667 5
[93 07 2%au WD Uelel Qa3 8,59 56410 29.58 2804 1.490 { 1)
626 DY 24,0 0.500 G.il0 Oe27H §.10 25.97 29.33 40.63 1.847 1
67 Uf Zaal UebOU Galcl 0,375 11.4%1 32.50 29.32 30.35 1.678 {1
6ld Ul £440 U500 0,120 U375 17,49 26.7L 29,30 12.58 1.510 t 2)
629 Df 2440 0.500 04120 De375 Za 5 30,60 L4264, 85.07 1.850

63U LT Zuad Q.50U6 Uel20 PERL 2.58 29479 14.94 77.60 1.636

63i DT Z2%.d We500 G.l20 0.375 2.54 29.72 14462 T1.56 1.516

832 DT <%0 W.HGY 0.120 U.37H 5. b4 31.23 14.53 63,50 1.355

635 D7 29.v U500 u.lev V.3TE 5.64 30.24 14,76 54.52 1.210

644 DT €440 De50U 00120 0.375 7.88 35.29 14432 17.26 1.084 2}
632 D7 24.u0 0.500 ualéd U.375 T.88 50,66 3000 101.50 3.087

636 DI 24.0 0.500 0,120 U575 .75 54 .98 29.97 54.81 2.866

637 B7  24.0 0.500 U.140 0,515 2445 93,17 15420 115.60 2,486

638 D7 24.u W.50U Gab20 Ua3sT5 2.31 .66 14494 107,39 2.243

63y D7 24.0 U.500 0.i20 D.37h 2.40 93.60 15.08 B6.02 1.865

G4y Dd  Z4ad U500 Usdiu 0.375 FL] 94,00 14,08 62441 L.494 (7
b4l D7 2%.% U503 Qel2u 0,375 3.04 944,81 L4s10 54431 1.355 (S
642 D7 24.0 0.500 0.120 0.375 3.68 93. 86 14.25 36.29 1.364 (6l
643 0T 244y (4500 Ualcy 0,375 2431 59,04 14467 89.60 1.766 ( 3)
b44 D7 24.0 0.500 GalzO UaaTs 2,94 56.34 14454 59,04 1.345 {3
645 DT 24.0 0.500 9.120 [\RE¥ 2.94 55.78 14.93 56.12 1.204 { N
840 DY <44%.u U.3U0 Uelu V.55 .65 56455 30.13 110.70 3,121 [ 3)
647 D6 <4.G 0.500 U.120 9.375 BaT4 59.07 30426 95447 3.114 { 4)
6448 U6 24.0 w.5%00 Uei20 0.475 65.39 57.07 30.22 86.72 24853 U %)
649 Db 4.0 Qa300 Usldy 0,375 B.15 55.86 30419 Tl.19 2.435 4)
650 e 24.0 0.300 0.120 0.3575 BaT74 56,31 30. 14 48,33 1.850 { 4)
B5L Vo 2%.0 0.500 u.l2o 0,374 9.86 57.58 30415 39.89 1.688 [ %)
652 Do £4.0 VL5000 V.10 0.375 13.40 56.47 29.97 20.25 1.508 { 4}
653 D6 24.0 0.500 G.,l20 0,375 LY 104.58 28.90 47.90 1.840 {4)
654 Do 24.0 U.HUD Uiy 0.375 8.98 28.95 29.71 43.99 1.969 (Y]
655 Vo 24.u D500 0,120 0,375 9.77 29.4%1 30410 37.69 1.852 { 4)
o506 Do 244U D430v CGea2¥ Qa7 18.35 29,58 30.10 15.82 1.690 ( 4)
657 Dt 24.0 U.HGD veléO C.375 15.590 55.47 45,13 67.25 3.107 { 4)
658 D& 2440 0,500 G.120 0.375 15,606 55.46 45.18 62.51 2.873 { &)
659 U6 24« UJhUU U120 U.375 16.85 54,02 44461 35,69 2.486 Iy
660 06 24,0 0.500 04120 0.375 26499 54,06 44,68 18.67 2.137 { %)
o6l D6 2%.0 0.500 G.120 0,375 8.69 54,42 30.27 90,90 3,197 ( 4)
662 06  24.0 0.500 U.120 GedT5 Yab4 55450 30.25 87417 3,006 L 4)
663 D6 24,0 0,500 0.120 0.375 8.29 29.39 29.89 T0.40 2,484 [ %)
bo4 L6 24.0 U.500 U120 0.375 B.24 29,39 29.88 60.96 2.311 { &)
66D D& 24wy G50V Ualel 0.575 9.03 29435 29.88 46.84 2.079 { &)
606 Do  24.0 0.500 0.120 0.37% 16415 55489 45,23 16.88 34447 . ( 4)
b7 Do 2440 U500 G.120 U.375 15.90 55.38 45,21 69.08 3.206 t 4)

{ 4)

568 De 24«0 0.500 G.a20 0.375 15.79 55,66 45,19 63.25 2,966
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TAaBLE B—1 {CONTINUEDY
CRITICAL HEAT FLUX DATA

STAINLESS 5Tcel —LIGRT WATZR SAVANNAR RIVER LABDRATURY
RUN nLATER LOGLANT CHANNEL  PRESSURFE  LOCAL COOLANT LUNDTTIUNS AT BURNOUT CRITICAL COMMENTS
NUMHBCR U LeNGTH  OLA. THIOK, ShUly. wIA, LRUP PRESSURE VELOICETY SUBCTOLTHG HEAT Filix
INa Ihia Tive IN. P51 PSTA FT/SEC DEG F 105BTU/HR-SGFY

boYy Do 2%t U500 dalzl Gaslbh 15.70 56.64 BT 59.58 2,813 ( 4)
670 Lo 4.0 Je50d Uell0 Uu275 15.490 58,03 45.19 66«04 2.932 { &)
571 De  Z4+3 Jabioy Deliy Je375 16459 55.43 44,89 35.53 24522 { 4)
6l Do 24e0 0.200 uweléo Ja315 15,58 5634 44.93 55493 2.759 41
&13 UE 4.0 baDU0U ueldu Jea?s 24.13 56.565 44,87 25.40 2.351 L4
ai4 V%l wadVd Geldl Gaedlo Z2e59% 56417 14,63 85.9% 1.939 { 4}
&7s 6 24,0 0.500 .10 Gedlb .31 55.488 14,84 Té.l4 1.771 (4}
X1 U deai UeBud UedklU UedTs 3.46 55.93 i4.59 G4.35 1.589 { 4}
YN DO 4.0 U.500 U.L20U Dad¥n 4405 56.00 14.58 53.62 1.451 I 4}
afs 06  24.9 D500 UaL2d Qa375 4,81 55. 64 L4.91 39.01 1.291 { 4}
619 Lo 29,y Va5Ud Jeligl Jed3Tu Tl 59.93 14.58 9.5% 1.091 { 5)
[-%:10] Do 24,0 0.500 walc0 G.375 d.91 55.33 30.57 G617 3.164% {4
681 Do za.0 D.500 dalZu G.375 B T4 55.51 30.33 89.69 2.992 [ 4)
bol Do Z2asu UabUL Uelew V.375 2.92 57,85 15.52 il9.84 2.581 (4]
663 o e,y U300 0.120 Q.37 Z.85 37.85 15.44 L10.14 2.392 { 4}
[-T-13 U6 £49.U UaB0U Culeu V375 3.2% 98.21 15.02 TL.05 1.890 t 4)
-1 3 Do 24.0 U.500 U.l120 0.275 3.51 95,13 14438 62.82 i.627 { %)
[-3-3-] Do 24.0 0.500 G.120 Ue 375 3.71 107,03 i3.89 45440 l.420 {4}
6af b6 24.U UaBU0 U.l20 U.375 LYELY 59.35 30.39 L0B.58 3.2332 { 4)
2.1 Ut 4.0 0.300 0124 0.375 Galeo 56.60 30.06 35.44 3.002

6589 Da  Z2%.0 J.500 0.120 Ue375 Belih 56403 29.97 89.01 2.8L7

&0 D Z4ed  OadUU Latlu Ge3 15 £.00 56,49 29.88 80.95% 2+628

649l Ut 240 U.D0U 010 Jeals Ta%5 56.29 29.87 T5.26 2,455

92 Do Z4%eu Qe300 uverli Ga375 84060 S6.09 29.8%5 65.23 Z.245

93 Jo 24y W.5Suu udlew Qa3 il Ges9 56427 3038 54.90 1,998

&9y D 24.0 0303 0120 Q375 Hads 55.81 30.12 52.%2 l.922

-31) Do 2440 U300 Ueilu Das?s Fa18 Ga.60 30,14 41.76 1,688 [ ]
&96 Ud 24.0 U500 U.120 Qe3fb 17.72 S54.%4 28.80 8.44% 1.478 (2]
697 Do <%0 Ja500 Gaoleu Ue3TH 15. 73 56436 44 .88 6471 3.460

G693 DE daaid G500 Gerde Us3fs 15«00 b, 86 45.12 T5.55 3.139

64y UG 2%.1 Q50U 04120 Je375% 15456 56.55 45 .34% TO.T76 3.001

Tuu Ut £%.u  Je500 walcu 2a395 L5.%1 56.94 44,99 63.23 2,709

Tul Da ZdéaU  J.5%00 Celbzu Ua3 75 15212 S56.7L 45.11 59.0% 2.529

10z Do 24.0 2.500 0410 D375 20.42 85,87 45,27 3F.53 a8 2
Tos Dd 24,0 U000 Jdeldls Je3Ts 2450 Dheddy l4.22 96 .25 2.070

TU4 D8 4.0 U.500 0.120 Ues?h 2+60 56.05 L4.04 86454 1.7499

705 b 24.0 0.500 G120 G.375 412 87.00 13.948 73419 1.521

Tua Do Z4.U Wed0u ualzu ueldln Jela 50,09 Lh HE 65,38 1.422

o7 UDdg 24,0 Ja2U0 Galou Vasits 5.59 56 a4y 13.98 32.89 1.199 {1
fud o Za.u Ta5U0d ueleu PR S T.66 55.56 30.09 1i2.18 3.1G1 LI}
Tuy 09 24.U  ueduu Ullel Ueaih baebh 2574 30.21 104.20 2.966 {6
7iQ DY 24.0 34500 U.il [P ] et D6, 92 30.21 37 .47 2.772 [ 4)
V1L DY Za.u  wedud Ueldu Vasfb FRE=1] 26e53 2939 Fl.12 2.%49 {1 4)
fle UY 9.0 UaB0U ULl Jasts Tt N 29.38 £2.23 24425 { &}
713 Ve Za.d 0.5U0 U.lcD VY &1 720 26h.45 £9.05 73.30 2.225 [ %)
Ti4 D9 c4ab Dabdu ualat (L 5 Ge2l HTetl 2%9.73 64,55 2.016 (4)
Tib uid 4.0 U.h00 0.120 Ua3¥h Geld 55,73 2972 G4.25 1.831 i &)
Tlo D2 244U UeRUU Gadeyw Ua375 ot 56,06 2%.98 100.73 2.103

717 05 24.0 Ueduu Laidw Jezls a9 54,61 30.2% Ba.62 2. 857

Tig L% Z24.y 0.500 Geieil Quaifs Ta0b 58,060 29440 83.16 2at42
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R
NUMBEK ID

719 1]
72U 25
121 035
722 05
723 Do
T24% Db
725 D>
726 us
727 05
728 L4
7<9 D4
730 D4
73l D4
132 D&
T33 U4
FELY 0li
735 U1l
138 Okl
737 D1l
738 vl
739 Dli
740 Dio0
741 Jid
742 Diw
743 nio
744 Div
T45 Dlo
T4o D10
747 us
748 05
T49 D5
750 05
751 05
752 D5
753 035
754 035
755 D5
156 05
757 D5
758 s
759 05
760 D5
7ol 05
Tal Do
763 D5
T64 D5
Tos D5
760 b
Ta? 04
T6H8 04

heATER
LENGTH  ula,
iN. Ina

24.0 0.500
24«0 VaHUUY
24a0  UL5G0
4.9 0.500
4. Uendu
24«0 0.500
éus0 Oaduu
244U Waduy
24.9 J.500
24.4  WaebOU
24.u  UW500
Z4.0 0.3500
Z24.U0 V.U
Zhedd  WaHOY
24+0 0,500
L4sU  Wa5UU
Z4.0 0,400
ey U300
2hal  ULB00
d4.0 Q.500
24,0 Gunlu
240 0500
4.0 04500
2440 D500
24,0 ©0.500
24,0 0.500
ZHhoU  MWLBOO
24,0 0.500
4.0 Ul
24,0 0.500
24,0 0.500
24.0 0.50u
24.0 D.500
4.0  Q-50u
24,0 U.500
24+.0 0.500
2eav U500
Z4.0 0Q.500
4.0 0,560
Za.0 05300
24.0 0.500
24.0 B.500
24,0 0,500
che0 0.500
Z4%.0 U.500
24.0 0.500
24.0 0.500
24.0 0.300
24.0 0.500
24,0 w500

TABLE B~1 (CUNTINUED}
CRIVICLAL HEAT FLUX CATA

STAINLEISS 5Tmel —-LIGHT WATER

THiLK.
inN.

Uuslicl
Ueldu
0el20
Q.10
Uelcl
Jall0
GelZU
velZu
Uaiz0
Ualcl
0.120
0.1.0
Lell
Ualzu
0,120
Jeliu
O.1240
veldu
U120
Q.10
Ualcu
0.120
UelZu
Vaizy
0.:20
Uslzu
J.129
0.1¢0
0.12C
0.120
Ua.l20
Ue120
0.120
0-120
G.120
0.120
04120
0.120
Gal20
v.120
0.120
Gel20
Q.12
Qe 20
Q.120
G.120
G.120
Gal20
0.120
Uallu

COULAKT LHARNEL
EQuUlve. JTA,
1iva

0.375
0.373
04375
0,315
Uesid
Ue3?5
G.375
U.37%
0.375
Y ]
0375
Q. 375
0.475
0,375
.3 75
"PEX
0.37%
Q.3175
D.375
Ce3?h
V.3TE
0.375
0,375
G315
g3.375
C.375
0.375
0.375
24375
0.375
0.375
0.375
0.375
0.37%5
0.375
0.375
J.375
0.375
G375
0.375
0.375
0.375
U.315
0.375
0.375
0,375
0.375
0.375
0,375
0.375

PEESSUKE
HROP
Psl

T.53
U4
Tae?2
Ta81
Ta T4
T.56
1.97
f.90
T.84
T.87
762
T.63
7.58
Tul4
1.80
1.69
T.58
7.51
7ot
T.78
Fe D%
7.95
8.08
T.94
7.88
T.82
8.086
T.89
8.10
7.90
7.75
T.66
2.77
2.75
2658
2263
B.0Z
16.17
16437
15,48
15.63
15.36
15.14
B8.05
G+05
T.68
7.51
§.39
8+17
B.05

SAYANNAH RIVER LARAORATORY

LOCAL COOLANT COMBITIONS AT BURNOUT

PRESSURE
PSIA

55,53
59.51
G8.43
5E.08
56e91
5889
5E8.51
59,38
57.22
58.38
SHeh6
5T.74%
57.75
5%.21
58438
58,08
56.98
58.29
S8.41
58.99
S5teB9
5745
59.17
58.93
58.70
58.93
58.94

59.49
;94%7
6.01

56.46
56.45
55.61
55.61
56.04
55.92
56.29
56.61
57.65
56.386
56,95
57.30
56.91
56.45
She 37
55.99
55.46
55.48
55404
56.2%

YELGCITY
FT/SEC

28,83
30.G5
30.22
30.21
30.17
30.31
30.18
30.19
30.17
30.08
30.32
30.23
30.21
30,23
30.24
25.485
30.07
30.22
30.19
30+40
30.36
30.33
3045
30.52
30.52
30.50
30.54
30.50
30.22
39.20
30.18
30.16
1514
L5.48
14.98
14.97
29443
46424
46.18
46,22
46.26
46.29
46He29
30.03
30.0%
30.02
30.12
30.06
30.05
30.04

SUBCOGLING
DEG F

T4.52
102.29
S1.84
82.30
78.50
100.10
$7.81
89.10
79.31
92434
85.10
78.37
68.87
97.65
95.49
94.19
88.97
80.21
72.92
9B.89
B2.64
95.38
103,55
95,22
B86.62
T75.74
102,29
85.99.
100.87
93,47
85.84
T6.81
130.89
89.28
78.89
Ti.73
99.47
78.88
S0.04
TaabkT
69,32
63.77
55.44
110.14
106497
88.565
56436
97.49
92 .47
83.95

CRITICAL
HEAT FLUX
108 BTU/MR-5QFT

2.446
3.076
2. 853
2.619
24419
3.105
2.873
2.650
24439
3,109
2.873
2.659
2.453
3.098
3.087
3.098
2.869
2.641
2.443
3.105
2,642
3.116
3.121
2.B87
2.680
24457
3,130
225666
3,105
2.862
2.650
24428
2.030
1.865
1.672
1.517
3,110
3.332
3.607
3.110
2.880
2.668
2.4%]1
3.128
3.1403
2e6%]1
1.849
3.092
2.880
2.650

COMMENTS

{ &}
L 6)
{6}
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TABLE 8-1 {CONTINUED)
CRITICAL HEAT FLUX DATA

STAINLESS STtct -LIGHT wATER SAVANNAH RIVER LABORATORY
Kul HEATER COGLANT CHANNEL PRESSURE LOCAL COULANT CONDITIONS AT BURNDUT CRITICAL COMMENT S
NUHoER v LENGTH  DIA. THIULK. Euuiv. Dla. DRUP FRESSURE YELOCITY SUBCOOL ING HEAT FLUX
IN. iN. i IN. PSI PSIA FT/SEC DEG F L0 BTU/HR-SQFT

i6s La el Uadul 0.l20 Yas?s T+ 95 55,38 30,02 Ta.57 2.425

710 D4  daau Ja500 ueidy U378 Be3% 55.41 30.07 100.33 3.110

771 D 24,0 0.500 0.120 Taalib 1691 35.96 45.37 90.49 3.609

Ti2 Ua  Za.d waeBJd0 w.llu Gusit iGa 13 5638 45,34 B3.1l4 3.359

I D4 24,0 Ca300 Gulc0 J,.375 1654 55,73 45.99 74,30 3.1te

114 D4 24,0 04900 G.120 J.375 lbady 55.69 46412 67.48 2.880

775 U4 244U Jo50U dallu U.373 15.92 5590 46,03 6244 2.686

176 LU4d  £4.0 J.500 U.llu Uas 5 12.68 55.65 45.92 5443 2.437

117 b4 24.0 0.500 U.icu Jasia Bairde 54 .96 30.13 104,20 3.110 [ 3)
FEr- J11l 26,0 Gabud UelZu 2.372 da.24 5587 304173 100.13 3.020

1749 DLl ¢4.G 0.500 O.120 Q.375 5405 55.97 30.1i1 9l .24 2.869

T840 Gll 29.0 U50d Jallu Ga373 7.95 55.62 30.19 83.12 2.651

7di Ll 244U Q4500 0.LE0 0.375 T.85 56,07 30.,2¢ T4.45 22435

Taz DlLl  £4.0 0.500 U.icd | C. 372 lo.di 56. 36 4b.l8 85.50 3.616

Tdas Val Z4.e UaD0U uLlle UaesTh 145G 56471 46,23 50.06 3.355

Tos Gil Z24.0 0,500 0.Lzu 0.375 16432 hba93 46421 T4.54 3.112

Tos Lle Z2%.0 Oa50d Uareu Ga3is 1Ga12 56445 46,10 65T7.8% 2.8B71

1so dli Z2%eu  waduu Udeidu V.37T5 15.648 56433 46.10 61.27 2.655

Tu? Uil 24,0 Q.500 Q.10 [+ P R 15.92 $6433 46.61 52.74 2.327

e Uil  24s0 Wa500 uolzi G.372 8.15 55.40 29496 105%.75 3.127

Tdv Uil 2.0 a0 Wal:0 0.375 6.02 55,85 29496 95.87 2. 8B7

793 dli 2940 0.500 J.1<0 0,315 7.87 5%.97 30.11 52447 1.840

fal Dil 240 ueSUU U.iZu [P Y 80 55.86 30.07 46,22 1.676

Tve Uil 2%4sU U.50U w.le0 G.375 ldazh 54,80 23.70 21.4%4% 1.512 L 23
793 D1l Z4ew Jabuu QalZy Jas¥H dela 354860 30.46 103,12 3.105

T DIl Z4ed QabUd Ueicu U. 375 6e23 95, G4 14.24 50.2% 1.523 L7
Ty Dis  cwed G500 04120 0,375 Bals 56.02 30.14 128,27 3.004 {4)
(a1 Uld  £4.0  LaSU0U U.ldu J.37a Seil 5ueUh 30.03 F9.55 3.116

T4 Jile £4.0 04500 Ualzu Ja3l3 be3c 564,07 30,60 $5,42 2.874

FET) Ll 4.0 0.509 U.l20 Da375 Gech SGs 1% 304060 E6.27 ZaBSL

139 Uls 2440 QaSUd VeldU Uald i d.l4 55.90 30.57 T9.45 2.437

800 dlé Z4e.u Geb0U V120 0.275 Ba59 bb.10 30.61 103,99 3.112

44l Dle cfeu Jabdu ualzu G.37E 16,82 S6.01 459.95 91l.33 3.627

- T3 Die <24l Jeddu L.ldu J,aid 1553 Héa32 45.92 B4,53 3.366

403 Ule Z%.9 0.500 0G.129 Ous3Tz Loe 2% 46.53 45,91 7T.83 3.128

-1 Ul:i  Z29au  UabJdl LalcbL Uedls iga17 56429 5. 87 TG99 2.903

gus blz  Zaa.v UedUu O.lZU [P &1 154486 56439 46,08 54,60 ZeBr46

sdb Lle 240 0.203 G.lcu Ja37H 15,53 55465 Gl Gé 57.15 2.432

BUT Ule  dasu Webud walswe el GeTz 55.7L 30.21 108.79 3.121 3}
a0y Jle  coed WU.DOU ULLEZU Dol Eailb 56.07 33420 109.22 3.320 {1 3
ENEY Uhe £wad  ULd0U ualel IR - loead 5. 34 29,06 13.22 L.50R { 3}
diu Uie 2%y uUedUu Lalau Uaalt 3a0e 2%.91 15.31 62,09 1.337 {3}
gll Uid Z#.0 0a537 0.led Deoiy PR £94 34 15.06 60.59 1.190 (3]
6lé Ule  coeu  waBud Jaizu J.2ilb EPT-S 29439 J 43.96 1.058 { 3)
das Dld  Zasti Y.hUL ULLlZu 0.575% Geh >h.00 30,04 11o.27 3.026 {3
Siv Li2  c24ed  Jaibdd Qaleu VIR PRIV Ghadib la.77 £6.43 1.508 {32
8io Bid  daeu weBUd Ueloy JaiTh Zeou G5.40 La.4] 60.53% 1.363 {2
dle Uld  Zweay Sl Uaidi [V T dadh FE.4T 15.15 42a0]1 1.220 3
317 i  £4ed  UeBUo weidu das b Balf sh. 148 30,02 117.729 3.118 { 3)

Bia Wwis Zael webuu Uaicw el LeDd 55.65 30.47 S5haT1 3.0%2
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KUN
NUMbER 10
aly Diz
82u Jl3
821 i3
- P24 Dis
[ ¥a D13
g24e Di3
des wvis
826 Ola
827 dla
- T als
829 Ols
830 Ols
831 13
432 Ols
B33 ol3
834 213
833 83 ¥
836 ol3
837 Jig
833 Ola
B39 dla
840 Dls
841 oi4
84l D14
ba3 dl4a
B4 Dl4
845 Dla
846 Dle
847 vlsa
848 D14
849 0l4
a50 olé
451 Dl4
852 Di4
853 pls
854 bl5
855 o5
856 Dis
857 Bis
858 D15
859 Dis
860 0l5
841 Dis
862 D15
863 [N
864 ols
865 vis
866 015
867 G115
863 D5

reAT o

LEnGTH GlAa.
iN ke
£%a0 VLDOU
{%a.0  Wodv
24ad U000
29440 UaBuu
24,0  0.539
Z4au GebUu
2.0 Q500
4.0 J.230
24%ed G500
24,0 U500
2440 Femlu
el WeSUOU
24 0.500
24,0 3.500
2440 04500
24.0 0.500
24eud Wa50u
24.0 0.500
24,0 G500
24.u  0.500
24,0 0.500
2440 Qeduu
24.0 0.500
24.0 0.530
2t WQaduwy
24.0 0.500
24.0 04500
24.0 W.500
24.0 0.500
24.0 0.500
24.0 0.500
24.0 0.500
240 Ua30U
24.0 @.500
24.0 U500
24.0 0.59u
24.0 0.500
24.0 0.500
24.0 0.500
24,0 0.500
24,9 0.500
24.0 0,500
2440 U300
24,0 -0.500
24.0 0.500
2%.0 J.500
240 0.500
24.0 0.500
24.u U500
24.0 Q4500

TagLE b1

STAINLESS STEEL =LIGHT WATER

THILK.
I

Jaidl
0,140
Ualiw
VellQ
Ue L2Z0
Ueidv
e 120
Ualzl
Jel Py

e lz0

Oellu
G.l20
Gel20
0.124
0.120
0.120
ual20
0.120
Ua L 20
el
0.120
Gal2u
04120
0.120
O.120
U. 140
0.120
Valegl
0.120
J.120
v.120
0.120
0.120
0.140
Oalsl
JelZU
0.120
GelldQ
0.120
0.120
Q.120
0.120
0.120
0.120
0.120
O.120
0.120
0.120
0.120
0.120

CuuLANT CHANNEL
EQUIV. ulA.
Iv,

Ueos@n
0.515
Ja3Th
<375
Q375
Beadd
da375
Ues75
Va3T5
0.315
L5375
U373
Q4375
Qa375
G375
0.375
0.375
0.375
Ue375
J.375
0.375
V.5375
Q.375
0.375
Uu3T5
0375
Qa375
0.375
0.375
0.375
G375
0.275
J.375
G.375
G.375
G.375
da.375
G.31%
0.375
0.375
0.375
0.375
0.375
9,375
Q375
0.375
0.375
0.375
G.375
G.375

PRESSURE
LRGP
PS1

8.30
4,18
3,00
i6.79
lob.57
le.5Y9
l6.15
15.91
G442
8.50
8.25
2.70
La03
2+ 70
2.T8
2492
3.51
8.08
5.09
T8l
Ta69
7.51
Te6l
T.36
2.55%
2.43
2.61
15.92
15,27
24,29
2.35
2.38
2.53
T.76
8.04
T.82
T.63
T.58
T.46
7.70
2.85
2.77
2.80
3.11
B8.0%
7.85
14.51
15.13
l14.92
14.92

(CONTINUED )
CRITICAL HEAY FLUX DATA

SAVANNAH RIVER LABORATORY

LOCAL COCLANT CONDITIONS AT BURNOUT

PRESSURE
PSia

55,44
54.75
55.28
56.21
560.20
56.56
56.73
56471
55,87
55.77
55.29
544 b4
55.18
55.33
54 .66
55.03
55.48
54,90
56,05
S6.13
50405
S56.16
95.45
95.19
55.70
54.78
55.89
58+95
56.04%
57.29
55.53
55.64
55.97
55.71
55.94
56.27
56.03
55.91
55.91
56403
55,75
55. 064
55,80
S6.%1
55.94
54.98
56,36
56.59
56.40
56.05

VELOCITY
FT/SEC

30.53
30.51
30,49
46,17
46.08
46,13
46,11
45.76
30.21
30.21
30.46
15.42
15.33
15.06
14.97
14.95
15.16
29.97
30.33
30.38
30.54
330.61
30,28
30.25
15.36
14.5%
14.95%
46,75
46,09
15.12
14.95
14495
14.92
30.09
30.13
30.11
3G.10
30.08
30.07
30.04
15.04
14.94
15.00
14.87
30,12
30.11
45.567
45.73
45,60
45.52

SUBCQULING
DEG F

90.05
83.14
T4.70
85.55
80.71
T4.18
68.78
62,24
103.73
104 .65
182.02
96.75
8T.7T9
79-07
66.29
58437
47.47
108.58
96.62
968.10
87.88
19.20
107.42
86.44
96,53
91.17
15.67
7711
69.98
119.45
Lile4%
97.31
88.5%4
108.27
102.35
95.81
86.08
77.53
Tl.28
63.13
99.43
94.59
82.03
80.48
L07.78
99416
B0.98
Thedb
67.09
59.40

CRITICAL
HEAT FLUX
108 BTU/HR-SQFT

2.871
2.655
24435
3.609
3.366
3.098
2.887
2,642
3.110
3,110
3.092
2.036
1.843
1.670
L.505
1.345
1.204
3.094
3.038
2.813
2.592
2.392
3.060
24637
1.998
1.825
L.652
3.069
2.815
2.407
2.203
2.014%4
1.829
3.060
3.323
3.091
2.842
2.612
2.421
2.210
2,210
2.038
1.8386
l.661
3.339
3.083
3346
3.091
2.851
2.628

COMMENTS
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TABLE E—-1 (CONTINUED)
CRITICAL HEAT FLUX DATA

STAINLESS STEEL —L IGRT WATER SAVAMNAH RIVER LABORATORY
Ru HEATER COOLANT CHANNEL PRESSURE® LOCAL COCLANT CONDITIONS AT BURNDUT CRITICAL COMMENTS
NUMBER v LENein ula, Tnluk. EQUIV. DIiA. LRUP PRESSURE VELOCITY SUBCOOLING HEAT FLUX
IN. Liva iNa I, PSl PSTIA FT/SEC DEG F 105 BTU/HR-SOFT

peY UL5 2940 Qe500 Qalczl D475 T«15 gh.d4 30.22 l11.02 3.34]1

g47a Wis  Z%au  Ja3UU U.LEQ Va 375 T.463 95.25 30.09 119,21 3.600 { 3)
857i DL5 24U UebHUU velew Ge315 Tatd 95.00 30.1e 113.38 3=355 31
87 D15 24.0 0.500 O.ilcu Q375 2.58 55.63 14.96 117.20 2.416 { 3}
873 Ol £%+u  Uasuu Laldu ue315 2e48 55.28 14.87 109.82 2.203 t 3}
874 D13 £2%.0 Q.500 U.1£0 0.375 T:66 56403 30.08 109.57 3.083 {3
G0 Uiz  24.30 Qe330 G.1c¢0 0315 l4.440 &3.41 45.07 46 .89 2,219 { 3}
dio Bl 2%ed  dadub WalzU Ua 375 Gebb 3704 45 .88 Z20.61 24210 i 3)
8717 d1l3 Z24.9 U.500 0.1.0 G575 25.19 56.68 30.21 36.38 1.507 i 33
8in ULs  Z24.U  J.5UY Laeiib Ue3Th B b 55.87 30.56 114,01 3.292

8379 Ulo  Zeeu  UeBUD ULLZD ue3l5 Gele 55.62 3Q.57 100.57 3.073

d50 Dle 2Z29.0 J.500 0,10 Q=315 6.30 55. 84 30.87 90.40 2.842

d81 viG  Z%.U JeSuU ull2e Uealb 7.78 55.67 30215 81.09 24614

dad Uloe Z2%.9 J.B5U0 u.ldl 04375 T.75 55.90 30.46 T3.42 2.414

CTES Ulo  casu Qe300 0.127 . 375 T.75 5560 30.43 64 .87 2.203

1L Dle 2.y Ja20u Ullsl Jedls Zew3 55.32 l4,88 93.086 2.025

885 16  g%ev U300 OaleU G315 2.58 55,52 14.87 53.30 1. 840

Gob Dluv  e9.ud QdaS5Uu Ualed Je3ib Ea-1v) 55.583 15.26 76.43 1.667

B3 7 OJle  Z4sd JUeddu Lalels e 3¥5 3.4l 56.31 15.38 63.02 1.492

dbo VIG  Z9a0 0und0 G.l2Y J.515 3.29 55.69 30.09 113.44 3.312

8649 Jlo  dtasls Ueds usild danlh 15,84 56,37 45.83 90.79 3.555

dvu SlU dael WaduU ULl J.ET5 15.4610 5G.12 45.74% 82.35 3.308

891 Dlu daed Qe300 JU.1g0 [ ) 15456 S5u.11 45,96 T4.90 3.080

B4 Jio  cwsd JeB3Ue Laldu Wes T 1o402 Gue 32 45 . 64 69,43 2.942

dyua D16 2ued  UedUO Uetel V.3l 15,12 56.30 45.73 61461 2.61%

EELS Lee  Zasu UasdU Ueleb Yesis Te9d 3h.62 35,20 12B8.79 3.587

895 Uio 2ty Je3UJd Lalll Ve T.79 95.38 30.34 118.44 3,344

TS Ult el 02900 Uarel [V P 57.02 2%.85 i10.38 3.080

g97 Ploe  Zeati weadlu Lelew PIREY 5 15,646 5070 434586 G3.487 3.586

498 Uit 26aV  0edUF Waicd J.375 2l 58.35 45,49 29.00 2.209 t 1]
a9y Jlo o Z4ded Vau0d Golel [ T.51 55.58 29.99 5E.43 1.B32

Fuy Ulu  Z2wau Uebud Uadidd Jasis d.12 55a 51 23%.81 47.57 1.652

Ui Vit cvetr WUeD) Jaeirczl Daddh 13.03 34. 79 295.58 22.09 L. 487 t 6}
0 Lluw Z%ad  sa2Ud Usleis Jaald 4o 32 5454585 14.74 36,65 1.195 { 11
Yus DIG  £%ead  GeadUd Yalew duafs iw, 05 50427 45,55 64,48 2.428 {3
YU Llu o c%ed Da330 dllew e x1H idawd 5508 45,82 55,75 2.198 i 3)
Fus Die 2aad uebdd veldd waals EEWEY She 0T 4h.56 25.60 2,014 t 3}
Yo Gl cHeld UeDuy UGaiel Ueofi fo¥3 55413 30.05 52.70 1.663 [ 3}
YUF J1n Zaad Qa3 daled Jesdm $.9% 95497 25.95 45.20 L.562 { 3)
FIVE Bl LeeU ueduUy Jedeuw e 3T2 ise T4 Heatbb 254506 45,90 1.46%5 { s)
SUu  Cdu g%ed yalUd Jelew Ueals 12,7 52470 29,32 19,73 1.337 (31
Flu LULD  Ze4alU  JadUL Uerlly TR ) 3.02 85.69 La,de 62,06 1.327 3
Fai ULlo  Zoew  wedidd Laeicy Ja3fn 3.ds 554 7% 14255 46.75 l.192 { 5}
Iie Uil Zaed Uehud Deled Jaslu D] 54498 30450 104.94% 3.317

¥l5 GLY  Zbew weddu Urico PRV S .6 54a 5T 20.57 GE.32 3.051

e DLE 2hed  Jabdd veial Uasls [ 55456 40,55 92.47 2.970

L DL7T gwed Dadud Cercd Gaofo t.2i S4e3l 30.60 87.35 3,028

9l4 1T Jasl Sabuv velzu wesdZ {oeda HlaGh 30,59 116,01 3,319

9if LEE dmeu 0asdU Weaen [FE GehZ 22.00 0. 40 %1.94 L.643 {1

Flo Lad  emad Gebas wedew PN Pi.ob G4 e by 3043% 20,39 1.498% (2]



_Ot._

TABLE B-1 {CONTINUED)
CRITICAL HEAT FLUX DATA

STAINLESS STEEL ~LIGHT wWATER SAVANNAH RIVER LABORATGRY

RUN HEATER COULANT CHANNEL PRESSURE  LOCAL CUULANT CONDITIONS AT BURNOUT CRITICAL C OMMENT S
NUMSER I LENGTHA DlA. ThHluK. QUIv. UlA. RGP PRESSURE YELOCITY SUBCAOLING HEAT FLUX

IN. INe IN. IN. #51 PSIA FT/SEC DEG F 105 BTU/HR-SOFT
919 OlY £4.0 0.500 D.izu U.375 15.62 65,93 46413 92.72 3.562
90 D17 2448 0,500 uweldu Weldlh 13.99 55,83 45430 54,49 2+394
921 17 29.C 0.5%00 0.120 e3> 19.86 5h.25 45,08 31.99 2.201 it 2)
92¢ Ol8 24,0 0,500 U.120 U.375 B.39 57.47 30.28 9z2.25 3.132
923 Gld &4.0 Ou5Uu Ualdu dasi5 1L.04 53.44% 29456 18.99 1.370 { 2}
EraLs D18 24.0 $.5%00 0,124 Gu375 bed4 55,29 30.19 9l.04% 3.1186
925 VDis 2%« y.5U4u uer2l Ueals G.1% 55.48 30.10 95.18 3.116
Yetn D18 24.0 C.500 0.120 Wedlh Fab3 55.18 29.74 317.58 1.6k1 it 1)
927 Ul 24.0 0.590 (.10 0.475 15.12 51.03 29.67 lb.54 1.526 { 2)
9Ll Bis 24.0 v.5UL C.120 Ue315 830 55,74 30.27 96.75 3.145
929 Div  2%.0 w500 0.129 0.375 B.l4 56,87 30.33 B6.98 2.864
93 DL 2%.U G500 0.:20 Ueads Ge b3 S6.06 30,23 37.73 1.687 { 1]
31 L1d  d4%ew LUV Laldu Ve i5 l4.14 84,27 29+ 97 14.89 1.534 t 2]
932 Cis  Z4.0 0,520 0.1¢e0 D37 G439 55.89 30,34 98.77 3.110
933 DB £%.0  Ge50U Uak£D GedT5 ZhetsT 46.29 4he 9T 13.39 20596 {23
934 Dls 24.0 G.500 Uerev [ R -1 FETT-Y ) 5%.25 46.07 21.01 2.263 {1
334 Ols  2Z4.d U..200 0.120 U375 Fall 94.70 29.60 37.78 1.703 {1}
FETN Olo  Z4%+4 vabuu 0.120 Gadih lo. 79 30.03 £9.17 8.71 1.539 { 2)
947 DI £%4.0 0,500 U.icl 0.375 3.98 55.55 14.48 53.24 le.3B82 {3
CET Di% 24.0 U.5300 uwailG Ua3T5 Ba2b 26,91 30.34 106.45 3395
919 ilY 240 D3.500 L.lZu Usd?s Beli 5954 39435 Ib.TY 3.159
940 U1y 24.0 G0.500 G.120 Q.37 G2 54.91 30.00 36.70 L8699 t 11}
941 DLY  2%.u U.500 L.idu Uasls 8,20 56. 08 30435 98.28 3.152
FL¥3 Ol 24.9 0,500 0.120 [y 3443 55,75 15.12 62.64 l.692
943 D19 24.0 0,500 J.140 0.37% Be24% 5¥.92 30.38 110.92 3.148 i 3}
Yo D19 ZaeU Q.D00 Gal2U Geald 1.66 98,29 25430 5%.48 2.074 ( 3)
945 D1Y% <40 0.5Uu 0.140 ga. 375 T.26 30.83 29.65 60.16 2.072 i 3)
946 Uiy 24.0 U.hUu U.lE0 G. 375 Be&h 30.05 30,13 37.33 1.872 { 3)
947 DLY caed DadUS Ualgu Ua.3if5 47 30.85 30.35 29.23 l.&674 {3
948 V20 24«0 0.500 0.i20 0.375 T+90 36,86 30.46 116.55 3.352
949 Déu 24-U U.3UY wel2U Ja3Th 7,70 57429 30.46 109.85 3.100
950 L20 2440 Qo500 Uaied 0.315 T.16 29.85 30,11 T1.87 2.198
951 D20 24.0 03.%00 U.149 0.375 .02 3016 29,80 Ha4.57 2009
952 Jel  Z4aid  waalu ualzu Su375 T2 3G.14 29.95 S4.4T 1.823
453 Vel 24.0 Wu5040 Uaiz0 Gosi5 10.60 31.006 2964 26.80 Lebb54 i1l
954 Ued  Zdev Ua50J walgl Ge3T5 T+50 44,27 30,40 95 .06 32.089
955 DZu  Z24e0  weudu Ua1zl La3ilb 245 £5.85 15.29 88.24% 1.834
958 D20 24«0 OQundu Jaicl J. 375 Z+3L 29.8% 15,29 76.79 1.660
95T D2u  2aad U000 uelil U.375 2uth 29435 l5.28 6842 l.485
9bh b Ueu  Z4a0 VL300 Getd0 QDesid Zatl) 30.05 15,10 59.81 1.33%9
Ghy Ded  24.0 0.500 0.120 0.375 3.43 56, 30 14.86 64«04 1.350
$H0 Deu a0 U500 Ul Uasis Teat 57.17 14,23 119.00 3,082
Y6l V20 2440 Gu500 U.120 0.375 682 57.53 30.10 82.26 2.218
962 G20 Zasd Ju50U Lelll Jes?h 1dfesd 57.5% 30.06 £3.43 1.821
Y63 Oeu 24etd  UadlU ualed Ua375 1U. 94 56.04 29.90 56.68 1.660
Yb4 J20 2&.0 0.500 3.12C U372 Te26 S8.02 29.75 24.05 1.501 ¢ 2)
963 Ve dael Jedud walzu Ja2i5 L. 97 33400 29454 22«48 1.501 {2}
Fob Ged  24sU 0,500 L4010 JesT5 Cedd 3ile13 29.49% 60435 1.57% {6}
967 D21 £4ed  Je3UU Jeled Baath C. 3y 57415 30.48 11628 3.316 (a4l
Yo Dedl  svev  waDUY Ueidu Yesio Tadd 57.58 30.13 112.60 3.058 { 4)
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TAPLE B-1 {CUNTINUED}
CRITICAL HEAT FLUX GLATA

STAINLESS STEEL —L1GHT WATER SAVANNAH RIVER LABORATORY
RuUN HEATE CUDLANT CHANNEL PRESSURE  LUCAL COGLANT CONDITIONS AT BURKOUT CRITICAL COMMENT S
NUMBER LU LEmNGTH Lia., THICA. Exlllve UI1A. UGROP PRESSLAFE VELOCITY SUBCOOLING HEAT FLUX
) Iva Tie Irgs N, #SI PSI1A FTFSEC NEG F 108 8TU/HR-SOFT
Y69 Bel  £9.d  0.500 G.120 Jasio .75 57437 30a14 106.63 Z2.837 [ &)
TG Dél 4.0 UadDU duiet Des?b 5.10 57.40 0. 14 124,00 3.310 [ 4]
Q71 UL 24,0 U500 J.120 yasth T.80 57.30 30.23 58.00 l.818 {4}
i WL Z%eU UedUU Useidw Jas'ty Te35 56.71 30.23 49.34 l.652 [ 4
w73 vel 24,0 0.500 u.lel J+31% 12.07 55.00 29.90 2399 leaB3 i %)
G4 Uiy chau UaD0U Uailcw Ue 312 2+65 57.58 15«16 125,96 24190 { 4]
9Ts Dot 24l UaBUU Jeddl De2idd 2415 S6a 17 15.08 116,36 2.00% { 4]
Fiu D2l Z24s0  Ja540 Get2d Q27D 2.65 50498 15416 105.05 T+822 { 4}
97 LZi  £%+U  Jaduu uelew Jealh 265 56.98 lus 15 43,58 1.630 {1 41
47 Vel 24940 Y2500 paliu Oa21D 3443 Skatb 14.87 8l.29 l.480 1 4}
T Ugd 2.l Ja500 Le1dO Dasils ETer 58.35 15.28 69.61 1.334 ( 4)
Jdu Jel  zwew gabUU GelZU Us375 T.89 57.43 30.11 121.15 3,060 O 4)
vol Ul Zasd UedU Ueidu Qadln La.07 57.99 45.71 63,739 2.390 o)
6c Cel a*eu  JeH0U -ty Je3 75 l4ec? 57.99 45.63% 56.50 2154 i &)
E T Ul Z2%ey Ul Lsliy vadin 14,57 £7.25 45.81 49.5¢2 2.007 L 4}
PI-Ts el e%.Q 0.200 0.120 RPEY S le.B7 57.06 45,53 30,43 l.449 { 4]
945 ULl Z%ad  waBuu Usaldd UeaT5 1%.00 Ble35 45446 51.57 lL.§22 { %)
Juo Vel c%au Ua50U Jai1z0 Uad75 2.24 2iea52 i5.03 85,73 L.485 { %)
Ha7 Lel 240 U200 G.l2d vedfs Ded4 SHe14 14.94% T3.80 1.3238 [ 4)
bbb Vel Zdewev  daebuy uebiu Jeais 3493 5be28 1485 pl.lz 1.1581 {51
Sbv et 2%.0 U500 0.1€0 PEE XS 3.19 30425 P4, &5 8la.45 1.480 (4}
Y449y vl s4au weB0D Uslel Jea @b Sa43 27.40 14«85 G6.22 L.218 { 4}
Y9 L Jea  cwed dabDdu o uslzy w3l 3aly 31.12 14 8% 65.96 1.179 { Al
S9¢ J2L s4auw G.000 20160 e 375 T.90 5T.%4 30.1R 129649 e 000 4]
993 Q2L Ztew waDUd sislad Jaddld LT 57.68 2G.13 bh.5d leBl4 { 4)
994 Gzl Z2%.U0 U530 U.1e0 ezt 7ol ST .46 30.11 54,748 LeGaT { 4}
Pl 5 Del  Z%ed 0a300 Je1c0 Qe373 15.51 45428 2995 l6.34 Le#R3 1 4}
GG Vel £b9au Sabde uedzl Uealh £abld) 30400 15«14 9457 la4T2 { 4}
Had dri 24.d ULHUD Uatel JaidTh 2490 304l 1i5.13 £3.27 1.3158 { 4)
Yo VD21 Zdaw  UeBUJ Useicd Ged'fy Jedd 3{ie 6 14.47 TL.v9 Lali4 (4]
FIA el  Caed  Uedlu Gelzd Jeals Tatis 5758 2%+G7 142.12 3.044 { 4)
i Dée  z24%ed Jan00 wsled Qadf2 Toidd aT.t4 30,56 G, 2% 3.060
Z de  dted  WaZOU valeow vedlh fail bis43 A0a45 G0e49 2. 840
E) Ued 2% U500 Uelcl RN A loaws 55406 45,60 37,31 2412 1)
4 Usz 2440 0.309 .19 0-073 l4.45 37.91 45.5% 53.27 Z2.bh14
2 Ucs  £9ew  wUebUJd valey Ued s feiu 57.26 30416 102.4% 3.071
<} Uid ey JeduUd U1zl U.575 Se03 55.75 30.16 46,22 1.B22
7 Lzl 2red  URbulU UelZu [V ) Ya12 S4.21 29%Y 37 .449 1822 (SR ]
& Ued  24ev  uUeDidd valew Jesfl 17457 52.71 50.02 lE.4% La#94 (2
Y VEZ Laed Qw000 Ladel Jusia T.60 57.26 30.34 103,01 3.067
tu Ddd s%ed UeDdUd Nelizwuw U.37s Ze3n 57,04 15.26 105.34 2.207
il Udd el daDid Daled Dy 2480 57,50 14,92 16497 2.020
Lz Uid 2+7eu 4943 G.lld [V ) 293 59.23 L%e0% 62«05 1.435
15 dJes 4.0 wedud UeliU Usafo GielU G¥a32 30,04 6o 30 3.087
14 Les  2%au D00 Ualeu D37 17.30 58433 30.11 $0.50 2.860
15 U Zaal Jaud JelZ0 Je 375G 7.51 5741 29,93 47439 l.832
lo 2> 2%su  weluu Laleu Yeais Ladd bheaUT? £9.92 36.5% l.fE5 {13
17 s a0 Ja200 Q4140 0.57s 3beze 39.10 45,60 42425 2.421 O 1)
la Ued  Zeay Jedud ulleu Ju3To 145U HTed3 30.04 Q8.2 3.083

1y Des 2400 QD00 ui12u Gasfh ZadH 57.83 14.97 99.72 2.21l6
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KUN

Mook I0
4] dia
<L [P
22 D23
23 u2d
<4 De3
25 U2a
Za Les
27 L3
28 Dz3
3 023
E Ues
31l Des

HEATER
LENSTH UlA,
In. Ine
2440 U200
4.0 0.500
2. Ua.b0u
4. 0.500
Zaa0 Q500
24U ULDUY
24,0 (.500
24.0 0.500
240 0.500
24.0 0.500
Zasl U HUL
4.0 U.500

TABLE B-1 (CUNTINUEGH
CRITICAL HEAT FLUX DATA

STAINLESS 57TEel -LIGHT WATER

THICK «
IN.

Galcd
0.140
Vei 2l
Ja 124
Uadzv
Uelcw
0.120
Jalzu
0,120
Vel
valll
GellQ

CUULARNT ChANNEL
ELuUive DIA.
IN.

Ga.375
0.375
GedT5
Ua 375
Ged75
Ue375
J.3750
Qa3 15
G375
O.37%
0«375
2.375

PHESSURE
DROP
PSSl

2. 70
15.85
15«41
15.16
15493
15.98
7.71
.44
10.56
2«01
2etal
ga25

SAVANNAH RIVER LABORATARY

LOCAL COOLANT CONDITIONS AT BURKOUY

PKESSURE
PSTA

5t.58
58.07
5T4%4
58.02
57.1a
58,34
54.63
57.57
55466
£7.58
57.02
57433

VELOCITY
FT/SEC

14473
45.58
45054
45.60
45.13
5. 10
30.15
30.23
30.08
15.02
14,72
30.26

SUBCONLING
DEG F

73,30
80.57
65,70
5854
45 450
34.56
48.04
40.41
22.03
72.95
66,55
i04.54

CRITICAL
HEAT FLUX
105BTU/HR-50FT

1.656
3.353
2.862
2,632
et
2.209
1.832
l.665
Lef94
1.660
1.494
3.096

COMMENTS

(i)
{5)
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TALLE 3~-2
CRITICAL HELT FiUx DATA

STAIWLESS STEEL —LIGHT WATER CULUMBTIA UNIVERSITY
Run HEATER CLIJLANT CHANNEL PRESSURE  LUCAL CODLANT COGNDITIONS AT BURNOUT CRITICAL CUMMENT S
NUMbBER Tu LeNoTH DIA. THaCK. cRUlve OlhA. uROF FRESSURE VELOCITY SUBCOOL ING HEAT FLUX
I N, ir. iNae PS] FS[A FT/SEC DEG F 106 RTU/HR-SQFT

213 S Z4ay Ul DU Uedlo Ja 3UG 12,00 64%. 70 30.16 98,28 2.295 { 41}
1% R 2440 Zaldz U0 Jadac 1:.00 4. T0 30.01 136.80 3.020 L &)
laG ® 4.0 Zaleh 0.0 Q.33 Lia50 G« 70 30.0¢ 135,00 3.182 { 4)
Llay k 2¥eld LaildZ Gal .33 11.50 b4.T0 £9.90 $2.89 24564 P %]
142 S 24.0 c.leb 0G0 Da33e i1.350 64470 30.01 138,640 3.251 {4}
L3 ) 24«0 Laleb G0 0.33¢ 19.50 6£4.70 30.01 F1.80 2.812 {4}
144 3 24.0  Zaled UaU Vasdz 115U 64.70 30.01 13%.00 3,128 1 4}
145 5 2.0 Zalih GO Qasidg 12.00 64.70 30.01 79.20 2.077 { 4)
lao 3 2.0 2.12% UL0 [V P 1150 b4 10 39.01 T9.20 2.083 { 4}
144 S Zael Zel2D Uai Ja3iz 1u.59 64.70 25. 8% 140.40 2.803 t 4)
law 5 cuell  2alen 0.0 Ouose 13.80 54470 2390 144 .00 2.779 { %)
143 T ety Zaldd Usl Uedss 12,50 [T V] 30.01 135.00 3.616

Loy 1 Z4%ed Zaléd GaU Gueddd Ll.50 64 .70 30.01 82.80 Z.4lb

151 T Z2ue0  Zaled Gad Ja5he 12.50 a4.70 30.01 138.60 3.5605

152 T Faatd  Zal2D Ued Uedie Lz.00 54.70 30.0L 82.380 2.417

153 3 24:0 24425 usl Ua33e £3.50 64 T0 44499 79,20 3.112

Lo4 T 24sl  Zaldd val Ja332 244 D0 [T 44.99 81.00 3,155

155 T E4sd  Leli> Usl U.33d L2l 3¢ H4.T0 30.01 135.00 3,772

150 T EtelU  Zale> 0.0 D.43e L3a50 G4 . T0 30.01 54.00 1.787

157 T Cced  £2.125 ual Ge30s 25,5y 64.10 4G40 59.40 2.6058

158 T Ldal £alZ5 ULU U.33¢ 12450 54,70 la.82 8Z.80 1.728

15y ) Zaa 0@ ZaldD a0 04352 16.00 L4 0 15.0% 48.60 1.323¢6

lby H duall 24125 dau Ua 33 1560 64. 70 1%.03 $l.020 1.75%

loi T 2420 2.12% Q.0 Jed3a lo.00 04.70 15.20 54,00 1.480

162 1 Zael Z£aiZ3 U9 Gadacd Iv.50 O 10 30401 54,00 1.883

lo3 T daed  2aldh Gel Va3l £3.00 LH. 70 fh Y 55.4Q0 2.421

lo4 T ZHel  Zu125 V.U 0. 332 2.0 b4 .70 454456 52.20 2.380

JU-E] T Zasil 24165 Jeu PR teoug Ghe TG 30.91 l3g.a60 3.724

loo T Zaad Zai25 0.0 0.53¢2 £3.00 &4.10 44 .45 106,00 3,814

lo? T 24.0  2aidn T 0 Qea42 24,00 Gae {0 Gh.9Y 111.60 3.931

led T duell  LallD UaU Uasse £aud Lé. 70 L4e 95 135,00 2.362

169 T ced  Lale® Geu [P EPI 24 .14 G4.70 148 124.20 2.216 [ 3
170 T 2.0 24125 4.0 Uaeb3L RS- 3) 6a. I 15.00 135.00 2.372 { 3)
171 H L0 ZedlD Uew La332 il.54 04.TG 29.90 135.00 3.389 {3
173 v c4.Q  Zaled V.0 Ga33c 7420 L. 70 14.58 41 .40 1.390 { 1}
174 ¥ 2ared  ZdeldDd devw U332 Tolu 644,10 l4.56 Gl.20 1.852

L5 v chald Zaldh Ul Desa¢ 4.00 L4he 10 1%4e56 32.80 z.029

170 W c9ad  Leleh Uad Jed3e 1i.50 Gh. 70 29.14 136.30 3.073 [ &)
177 " Lhed  Lald Ueu Jed32 Ilan0 [P e 29.27 136480 3.143 { &)
Li3 " 2held  FaldD ULD Ua55d Li.50 H4. 70 29.38 93.00 2.718 t 4l
174 " 4o ZalZHB Uaed Uedie RV Cha TU 2917 142,20 3,400 { 4)
Loy " Zaeu  ZellB del Velic 1i.ag L4.T0 29427 H4.60 1.892 t %)
lsl L} faat)  2aldd JU G332 10.59 64470 cYall G0.00 1.852 { &)
-y n E&%et  Uafdd U0 [FN T lodiu 4. 10 30.08 L0g.18 3,062

225 A caad 0,700 LDau Daa)s 37.50 L4470 4540 111.98 3.652

22w A £4:0  0.7h0 0.0 Cu300 Z2.590 64.T0 45e4b 10618 3.665

227 A caed  JalhHi Usis U300 Q.50 GhaT0 15,52 106.56 2.311

224 X £4e U e V50 Ui Ja. 308 6.00 54,70 14,86 106.20 24333

ey A 4.0 Q,10u Ul et L&.h0 G4 e TG 3U.L6 104.94% 3.069

Z3u A 2asu JaTHU wed a8 Ual 64.76 30.16 20.00 2,262
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TABLE 8-2 (LONTINUED)
CRITICAL KEAT FLUXK DATA

STAINLESS STEEL =-LIGHT WATER COLUMETA UNIVERSITY
RUN HEaTER CUULANT CHANNEL PRESSURE LOCAL COOLANT CONDITIONS AT BURNOUT CRITICAL COMMENTS
NUMBER 0 LOwGTH DLIA. THICK, EGuive UlA. RGP PRESSURE VELGCITY SUBCOOL ING HEAT FLUX
IN. it Ins IN. Ps1 PSIA FT/SEC NEG F 105BTU/HR-SQFT

251 ¥ 24eu  Ued3{ Wad O.3ud 1400 b4 TO 30.08 B4.96 2.248

232 ¥ 24.0 0.7%0 0.0 0,306 15.50 6% 7O 15.08 F9.92 2,007

233 3 24 Ualfdu Uau G. 306 15.00 64.TO 30.23 96.48 2.009 &)
254 F4 24,0 U-T5u .0 U.308 i%.00 64,70 . 30.23 B6.4D 2,304

FEY-] I3 24.0 D.750 0.0 0.308 31.00 64.T0 44,42 110,88 2.509 L3
236 Fa 24 DLTBO Gau Ga308 31.00 b4. T 4%, 42 81.72 3.413

237 4 it 0750 0.0 0308 3le50 ‘6470 45.46 80,564 3,382

238 I3 24,0 04750 0.y 0.108 L4.50 64. 70 30.08 BO.b4 2.5650

239 Z Z4.U  UeTDU Gau U.308 14.80 &4.70 15,52 BO.6% 1.888

240 z 24.0 0750 LU 0.308 15.30 64470 15.37 53,64 . 1.49Q

241 Z Zhell UeTdL Uou U.3ud 17.00 4. T0 30.30 46,98 1.818
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TABLE B-3
CRITICAL HEAT FLUX DATA

STAINLESS STEEL —LIGHT WATER SAVANNAH RIVER LABDRATORY
RUN HEATER COOLANT CHANNEL PRESSURE LOCAL COOLANT CONDITIONS AT BURNOUT CRITICAL COMMENTS
NUMBER 1D &+ENGTH DEA. THICK.  EQUIV. DIA. DROP PRESSURE  VELGCITY  SUBCOOLING HEAT FLUX
IN. IN. INs iNe PSI PSIA FT/SEC DEG F LOSBTU/HR-SQFT
10 0.0 2.050 0,0 Q.440 4«31 Bh.62 2T 46 73.51 2,142
11 G B 2.050 9.0 04440 3.96 55,25 27.22 75.38 2.1486
12 0.0 2.050 0.0 Du4%0 3.94 54.37 27.23 90.38 2.464
I 0.0 2.050 0.0 G440 4.08 54.37 21.12 17.00 24146
i% 0.0 <.050 0.0 0,440 4,87 57.00 26444 62.32 1.84%
15 0.0 2.050 0.0 0e440 8.51 56.63 27.06 40.14 1.462 {1l
1o 0.0 2.050 0,0 [ ] 8.31 52.75 32.73 106.92 2.993
17 Ca0 24050 0.0 [s P38 6.57 57.00 33,97 £6%.09 1.976
18 Ve 24030 0.0 0. 440 5.68 52,87 34,02 T7.49 2,290
ig 0.0 2.050 0.0 0,440 5.58 53,00 34.04 92.41 2.797
20 0.0 2.050 0.0 Ua%40 7.45 52.75 34.05 110.08 2.96%
33 GeU 2,050 0.0 0.440 babh 54,50 33.84 62.84 2.155
35 0.0 2.050 0.0 J.440 7.55% 56450 3z2.11 75.91 2.605
36 Oult 24050 0.0 U.440 T.33 53,50 31.62 93,55 3,098
37 0.0 24050 J.0 0.440 7.16 54.,00 3l.47 97.60 3.188
EY:] 0.0 2.050 0.0 GuedD 8.09 54.75 33,50 62.48 2.383
39 U0 2.050 0.0 0.%40 9.08 54,13 33.41 50.29 2.169
40 0.0 2.050 0.0 Qe440 19.43 46,75 30.88 13.93 1.9656 (I
41 0.0 2.050 0.0 0.440 7.58 52.25 32447 102.49 3.377
42 0.0 2.050 0.0 02440 24.60 56.00 42.65 16.22 2.383 {1
4l 0.0 2.050 0.0 0.440 14.96 54.75 46.71 56,66 2.621
45 U.0 £.050 0.0 0u440 16.29 55.50 46467 61440 3.119
46 0.0 2.050 0.0 d.440 16.38 53.25 46.73 77.92 3.667
%4 0.0 2.050 0.0 G440 16,29 53.50 46.53 80.77 3.798
43 0.0 2.05G 0.0 O.440 17.78 56400 46,43 44,82 2.633 il
49 0.0 2.050 0.0 0440 17.79 57.12 46,617 51.70 2.378
50 0.0 2.05%¢ 0.0 0.440 18.57 57.88 39.56 31.99 2.185 {1}
51 Us0 24050 0.0 D+440 8.68 57.62 32.10 68.65 2.630
52 0.0 2.050 0.0 G440 8.66 54450 32.11 86.24 3.116
53 U.0 24050 0.0 J.440 2e4l 53.25 16.65 124.29 2.660
54 0.0 2.050 0.0 C.440 3.08 51.25 17.59 75,60 1.%46
55 0.0 2.050 0.0 0440 3.81 54.13 17.01 51.62 3.355
bo U.0  2.050 0.0 Q. 440 5.34 50412 16.12 27.56 1.402 (1
57 0.0 2.050 0.0 (o440 5,78 54.13 16.87 24.61 1.314 Y
58 0.0 2.050 0.0 0. 440 3.30 53.25 17.71 66.83 1.957
59 0.0 2.050 0.0 Gat40 2.83 54.25 17.73 B9.15 2.153
60 0.0 2.050 0.0 0,440 B.86 55,62 33.49 55,55 2.362
61 0.0 2.050 0.0 0.440 6,84 55.00 33,68 81.90 2.848
62 0.0 2.050 0.0 0.440 6.42 §5.12 34.09 104,27 3,379
a3 0.0 2.050 0.0 0440 Tl 55.25 31.73 T4.61 2.603
&% 0.0 24050 0.0 0.440 6,69 56.63 31.90 75.80 2.601
65 0.0 2.050 0.0 Qo440 Tell 68.50 31.32 TL.23 2.592
66 .G 24050 0.0 0. 440 7.26 52.87 32.17 72,58 2.581
67 0.0 2.050 0.0 Gai40 7.31 52.25 31.60 70.96 2.597
68 0.0 2.0%0 0.0 0.440 7.14 53.75 31.26 74,32 2.662
59 0.0 2.050 0.0 O.440 2.56 48412 15.55 .67 L.T760
70 0.0 2.050 0.0 0.440 3.27 55.50 16.41 63,04 L7456
71 0.0 2.050 0.0 0.440 3.05 53.50 16.26 66447 1.807
12 0,0 2.050 0.0 U.440 3.22 54.T5 16.11 65.47 1.764
73 0.0 2.050 0.0 0.440 2.4l 53.50 15.15 15.37 1.804
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TABLE B-3 (CONTINUED}
CRITICAL HEAY FLUX DATA

STAINLESS STEEL —LIGHT WATER SAVANNAH RIVER LABORATGRY
RUN HEATER CODLANT CHANNEL PRESSURE LOCAL COOLANT CONCGITIONS AT BURNOQUT CRITICAL COMMENTS
NUMBER ID LENGTH DIA. THICK. EQUIV. DIA. CROP PRESSURE  VELOCITY  SUBCOCLING HEAT FLUX
iNe  INe QN IN. PS$I PSIA FT/SEC DEG F 105BTU/HR-SQF T
T4 0.0 2.050 0.0 0440 2.66 56,12 16.18 72.29 1.818
75 0.0 2.050 0.0 0. 440 2. 66 55.87 16.30 78.05 1.946
76 0.0 2.050 0.0 0 .440 Z2.46 54.37 16.49 93,58 2.191
17 0.0 2.050 0.0 0. %40 2.29 54.13 16.57 106.18 Z.414
78 0.0 2.050 0.0 (YY) 2.29 53.50 16,42 119.70 2.66%
79 0.0 2.050 0.0 0.440 2.31 53,50 16.41 115.67 2.599
80 0.0 2.050¢ 0.0 0.440 2.66 56.63 15.91 70.69 1.786
[ 0.0 2,050 0.0 0,440 6.99 50.50 36.63 112.61 3,359
113 6.0 2.050 0.0 O.440 7.31 54.13 29,74 95,31 2.713
114 0.0 2.050 0.0 0.440 7.36 52.25 29.57 96.52 2.804
1i5 0.0 2.050 0.0 0u440 7.77 54.37 29.30 £9.52 2.266
116 0.0 2.050 0.0 0.440 8.29 56.50 29.63 67.45 2.086
117 0.0 2.850 6.0 0.640 7.58 49,87 27.09 104,92 2.970
118 0.0 2.050 0.0 0440 5.90 57.88 13.92 18.04 1.224 [ 1)
1l9 0.0 2.050 ©.0 0.440 3,57 50.50 14,83 70.94 1.629
128 0.0 2.050 0.0 0.440 7.33 54,13 28,93 49,14 1.897
140 0.0 2.050 0.0 0.440 2.83 52.95 16,30 77.35 1.798
141 0.0 2.050 0.0 0440 2.53 53,86 16,25 96.39 2.200
142 0.0 2.050 0.0 0.440 Z2.31 53.10 16,46 129.31 2.673
143 0.0 2.050 0.0 0.440 2.53 53.87 16.33 104.18 2,214
144 0.0 2.050 0.0 Out 40 8. 86 53.50 32,26 46. 24 1.9%6
145 0.0 2.050 0.0 0.5440 6.72 52,87 31.50 81.20 Z.6B7
147 0.0 2.050 0.0 G.440 6,47 53.37 30,97 Bl.81 2.646
148 0.0 2.050 0.0 0.440 14.15 52.87 46.53 55.01 2.635
149 0.0 2.050 0.0 0.440 14.10 53.41 45,00 60.10 2.669
150 0.0 2.050 0.0 04440 14.22 53.75 46421 T74.99 3,181
£51 0.0 2.050 0.0 Ca4k 14.19 53,95 46,37 79.94 3,280
152 0.0 2.050 0.0 0.440 13,92 54,16 46,39 92.45 3,679
153 0.0 2.050 0.0 0.440 14.27 54 .46 46.58 73.94% 3.159
154 0.0 2.050 0.0 0.440 9.89 55,53 30.32 55,19 2.00%
155 0.0 2.050 0.0 0.440 7.70 53.36 30.69 77.9% 2.659
i56 0.0 2.050 0.0 04440 7.560 53.36 31.16 108.94 3.438
157 0.0 2.050 0.0 0.440 7.65 53.58 30.98 19.13 2.682
158 0.0 2.050 0.0 0.440 3.27 53.16 15.41 66 .96 1.807
159 0.0 2.050 0.0 0.+440 2.88 54,31 15.73 90,54 2.185
160 0.0 2,050 0.0 0,440 2.61 51,11 15.79 119.45 2.633
161 0.0 2.05G 0.0 0440 2.76 53.00 15.72 95.%4 2.214
162 0.0 2.050 0.0 0.440 2.71 52.95 15.95 108.41 2.473
163 0.0 2.050 0.0 0.440 4.23 54.49 15.40 56,57 1.584
167 V.0 2.050 0.0 0.440 14.51 52,12 45,34 19.29 3,247
168 0.0 2.050 0.0 0.440 14.44% 54.55 45.35 83.29 3,337
low 0.0 2.050 0.0 Ou440 is.23 54.13 43,83 40.05 2.083 {1
170 0.0 2.050 0.0 0.440 19.02 53.37 41.58 44.68 2.232 1)
171 0.0 2.05Q 0.0 0.440 21.00 58471 43,73 47.23 2.389
172 0.0 2.050 0.0 04440 18.30 53.14 44,84 50.04 2.592
173 0.0 2.050 0.0 0.440 15.99 53.50 29.06 16.38 1.634 {1
174 0.0 2.050 0.0 0.440 11.51 56.98 29,93 52449 2.014
175 Q.0 2.050 0.0 0.440 6. T4 57.25 15.50 18.16 1.294 ¢ 13
176 0.0 2.050 0.0 0.440 4.92 52.62 15.58 42.55 1.442 (1)
177 0.0 2.050 0.0 0u440 %.38 53.30 15.54 52.60 1.559
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TABLE 8-3 (CONTINUED}
CRITICAL HEAT FLUX DATA
SAVANNAH RIVER LABORATORY

STAINLESS STEEL -LIGHT MWATER
LOCAL COOLANT CONDITIONS AT BURNOUT
SUBCOOL ING

RUN HEATER COOLANT CHANNEL PRESSURE
NUMBER 1D LENGTH DIA. THICK. EQUIV. DiA. DROP PRESSURE VELOCITY
IN, IN. IN. In. PSI PSTA FT/SEC DEG F
4.67 54.27 15.56 60.68

178 0.0 2.050 0.0 0.440

CRITICAL
HEAT FLUX
108 BTYSHR-SQFT

1.616

COMMENTS



ust_

RUN
NUMBER [D

L o3 - LR < S T 3 VYR N

HEATEK
LENGTH DIA.
IN. INe
24.0 0,500
2440 0.500
c4eQ 0,500
2.0 0Q.500
24.0 0.500
24.0 J.50U
24.0 0.5G0
2440 0500
4. 0a.200
24.0 0.500
Za.{  u,.50u
24.0 0.500
4«0 0.500
Lhali UeBUG
24.0 0.500
4ol UWbHUU
240  U,.500
2440 D500
24l w.500
£4.0 0.500
4«0 04500
2.0 0.500
4.0 0.300
4.l JaBUU
24at Jabiw
4.0 0.500
Zgad  QuSUL
240U 04500
2440 0,500
2420 J.500
4.0 (.500
24.0 D.50U
Z2asdd  WeBUU
24.0 0.500
L4 J.500
2.0 0.540J
24«0  0.503
Zhaly WG5S0V
4420 0L500
2aell  DabUu
L%t Wby
24.0 0.500
24« U500
24.0 0.500
24.9 0,500

THICK.
iN.

0,120
0.120
Geldo
Vel
O.120
Uekdl
Qe l20
Oall0
Celel
Q.120
C.l29
Q.120
Gad s
Galet
GallV
Uel20
0.120
Qo1
Uel2y
Ua ket
G.120
Uelll
Gulzu
Galéu
e lZu
Q.10
UalZy
Vel 20
Galzu
Lal24
Q.i20
Uel2u
Uelew
0.120
Ueleu
Jul iU
Usle0
Qalal
0.129
Uel2y
Lel2u
Calz0
Vellu
Oeilo
0,340

CUBLANT CHANNEL
EQUIv. DIA.
IN.

Q.379
0.375
U375
0.375
Q375
U+375
0.375
Ges75
V.375
0375
V,.375
Q.75
0,375
U375
Q.575
Uu3T5
U375
0.375
Q.37
0.375
0.375
Ga375
Gu3is
0.375%
u.315
Qa 575
VY-
Gas15
0,575
U374
0,375
Uals¥5
Gaal3d
0.375
G.275
0.37¢5
0375
0.375
Ua3¢5
Gu375
Ued i3S
0.375
0.375
Q.375
0.375

TABLE B-4
CRETICAE HEAT FLUX DATA
STAINLESS STEEL —-HEAVY WATER

PRESSURE
OROP
PSI

Ge63
9.66
9.12
Yebod
9.12
9,61
Gulé
9.27
lée.26
Gt
Gub3
Y9.76
9.4b
.39
Ga.12
19«12
1T.28
3.01
3403
3e2%
3.01
Sald
10.00
3a06
3.08
3.10
L1000
lde43
11.25
3.le
3.56
-1
298
24749
Gl
Gal]
17.8%
Lie45
Q.22
lB.448
17435
3.37
LU 7%
G50
20.69

SAVANNAH RIVER LABDRATORY

LOCAL COOLANT CONDITIONS AT BURNOUT

PRESSURE
PS1A

55.62
55457
hbtat4
54.%3
5%.60
54,16
S54.34%
54,93
559.60
She24
54459
54,39
54.00
54,34
57.063
56.72
ST.27
54,07
PR L
55406
55.49
55.01
35.061
55454
5456
59495
55.47
55.07
58.455
a6
55.27
35,46
95,48
9% .63
55410
54,94
55.41
59 54
944 G1
5672
56486
S4.79
Gheb6
54 .49
55443

VELOCITY
FT/SEC

31.60
31.74
31.33
31.08
31.95
30480
30.98
31.18
46,91
30,80
30427
30.58
30.71
30.87
30.61
47,55
45.58
15,52
15.18
15.66
15.64
30,17
3i.31
15.42
15,41
15.16
30.88
46.36
45.06
15,50
30.81
15.02
15449
15,39
30.62
30,81
45430
45.4L
30,65
46,26
45434
15.58
30.37
30.42
45.00

SUBCOCLING
DEG F

130.50
liB.28
125.26
160.956
113,63
177.32
158.40
140.54
11644
156,40
177.46
156.24
144,70
134.75
12773
126.13
113.60
194,40
179,08
159.41
148,91
161.15%

. 190.94

168.52
193.52
162,61
146.86
128.05
113.00
196,58
1L41.07
192.10
L77.84
165,37
152.15
147.26
124.51
107.82
L42.7%
136.89
107,41
191,12
105.53

54,85

57.83

CRITICAL
HEAT FLUX
105BTU/HR-SQF T

5,166
5.202
4,770
6.102
4,392
6.102
5,616
5,220
5.868
5.634
6.480
6,030
5.634
5,166
4.B24
6,300
5.652
44410
4.068
3.834
3.420
5.724
6.048
4,374
4.752
4,050
5.580
64264
5,598
4.788
5.580
4.788
4.410
4,086
5.634
5.634
6+39G
5.5%98
5.634
7.038
5.742
4,860
2.8206
2.844
3.762

COMMENTS

{
{
{

3
3)
3)
3)
3)

2)
2}
2)
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TABLE B-5
LRITLICAL HEAT FLUX GATA

STAINLESS STEEl ~HEAVY wATER COLUMBIA UNIVERSITY
RUnN Healer CLULANT CHANMEL  PRESSURL  LOCAL CUOLANT CORDITIUNS AT BURNDUT CRITICAL Cr¥MINTS
NUMBER 1L LZn6TH  OlA. THICK. CQUIV. DIA, ORrROP PRESSURE VELGCITY SUBCOOL ITNMG HFAT FLUX
Tive IN. in. IMe P35I PSIA FT/SEC DEG F LB eTy/mm-SqrT

14 24,0 Q.750 G.01w U.35008 17.29 64.70 20.15 104.22 3438

ldi Casid  VJelbu Ueuls Ye3Ub 2U.50 6h.20 23491 104,22 3.5658 2
123 240 0.750 D.018 U306 £0.10 G420 29493 90,00 2.979 L 2i
Leb 24«0 U509 UL0LH Ua.308 Ll 6470 14.90 108.00 2.5%4 ( 2}
lzo 4oy UaTHU Veulsd UeSud 6.4U 66.20 15.00 8B.56 24236 (2]
127 24,0 04753 0,018 D408 Ga4l 65.70 15.01 70.56 1.863 { 2)
14l C4eu VTS50 Jalilts U. 308 30.30 ©5.40 45.00 55.62 2.785

Lo 2440 .75 ULaOly EE ] 31450 L4. 70 44,97 T7.58 3.276

L7l 2440 04750 Ge0ld 0.308 28480 S, TU 44,78 93.36 3.852

151 24ed Wl dbU CeuUls Ja3us 16490 ba. TR 29.93 9090 3.031

2l 24.U  U.T750 Ualle 04304 39,50 55.20 44,76 141.30 6.457

281 4.0 DL750 U.D1L 0.308 17.40 65.00 29.97 124.20 4.054

14 Z4sd Jaf2u Geull 0,308 Z3a 10 . 64 T0 30.11 72436 2e614 21
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TABLE B=6
CRITICAL HEAT FLUX CATA

ALUMNUM —LIGHT WATER COLUMBIA UNIVERSITY
RUN HEaTER COULANT CHANWEL PRESSURE LOCAL COOLANT CONDITIONS AT BURNOUT CRITICAL COMMENTS
NUMBER [0 LeNeTH Dia. THICK. EQUIv. BIA, DROP PRESSURE VELOCITY SUBCODL ING HEAT FLUX
IN. TN IN. IN« PsI PSIA FT/5eC DEG F 105 BTU/HR-SQFT

184 24.0 0.750 0,035 0.308 6.00 64,70 15.23 70.20 1.598

185 2a.U  3.750 0.03% 0.308 7.00 G4, 70 15.00 30.60 1.350 { 1)
186 26,0 G.75%0 0,035 0.308 21.00 6470 30.53 25.20 l.634%4 {1}
187 24,0 14000 0.020 0.323 i3.00 64,70 30.38 5220 1,588 { 4]
lus e 1000 0.020 Je3Zs 17.00 64.70 30.50 52.20 2,250

184 24,0 1.00u Q.020 04323 15,60 64,70 30.60 84B.20 2.905 i 4}
190 24.0 1.000 G.ozu Uu323 2.00 64470 14.81 43,70 2,077 { &)
19l 24.U 1,000 UeOEw U323 4.00 64.70 14,91 106.20 2.846

i92 24,0 1.000 0.020 0.323 16.00 64.70 29433 68.40 2.648

193 2.0 "lediu GaGzu Ge3c3 29.50 64,70 45.35 63.00 2.889 [ 4}
195 244U 1.GU0 0,020 0.323 lo.00 64,70 30.186 58,20 3.34%]

L90 24,0 04750 0.020 D.304 18.00 64, TO 30.82 111.60 3.625 (G-
197 2e U Q.70 0.024 Ue3ud L7.006 64. TO 30.01 108.00 3,929

198 4.0 0.75¢ 0.040 0.508 7.00 64,70 15.00 118,80 3.157

19% 2440 0.Th0 G.020 U.308 8.00 64, 70 15.00 1G8.00 2.830

204y 24,0 JaT50 0.028 VadGd 34,00 6470 45.31 41.40 3.071 {1)
201 24,0 Q.750 0,028 G308 40.00 64.70 45,31 77.40 3,411 { 6)
202 24,0 V.50 Gauld [PEYT 19.00 64.70 30,16 109.80 3.888

203 24.0 0.750 0.020 0.308 15.50 64470 14.86 108.18 2,563 (4
204 4.0 Uef50 0.028 0,306 16,20 64,70 30.23 9054 3.672

P 2.0 w.750 O.uz@ [PET 16430 5%.70 la.8& 87,30 2,151

206 Zas Ue 75U G020 0.508 37.00 64,70 449,64 36.36 2.223 { 1}
207 24,0 0,750 O.ueu 0.308 36.00 64.70 44,79 62 .64 2,857 i 61}
clid 4.y UeT2U Geucl Ue3ld 35.40 b4 .70 &by 94 77.22 3.472 { &1}
209 24,0 Yu.750 0,020 0.308 36,00 64.70 44.94% 9i.26 4,046 [ &)
210 24.0 U.750 Gauzu Uaide 37460 64.70 44.87 50.48 3.362

211 24,0 U.T50 V.00 0.408 38.00 6470 Lhe 94 45,38 2,873

21 40 0,756 0.020 G.308 36.00 64,70 4. G4 114430 4,448  3)
2i% 24,0 Ll.ulu U.uZé o3l Ti. 70 &4 10 29« TT 47.30 2.801 { %)
215 24,0 1.000 Q.020 Va323 13.30 64,70 29.%99 83.88 2.548 ( %}
216 24,0 U.750 0.033 J«304 l6.0uU 4. 70 30.08 109.80 3.798 t &)
17 24.) UadBU Gau3dd Uaduu Les.u0 44,70 30.08 50.54% 3.281

2ib 24.u U750 G.03> U308 15.50 64.70Q 30.23 80.64 3.033

219 24.0 V.75 U.033 0.3086 1%5.80 64,70 15,30 BZ2.98 2.299

220 du.y ULTS6 w.045 0.308 15.20 6470 15.00 SHd.64% 2.594

2ol 2440 0.750 0.035 Q.308 53.20 64,70 45.2% 17.58 3,645 { 6]
22¢ £4,3 B.T50 0,030 Ue308 36,450 6650 4524 34,56 2,687 { 1)
223 Z4ud Ue 750 U035 U304 14,50 54.70 30.30 104,94 4.108

2l £4.0 0.750 ©G,U35 Ge306 4. 50 470 15.30 109,98 2,299 { 6}
243 C4ell  Ua¥5d (aUid> U308 5.00 64,70 15.08 Tla64 Z.261

244 2%.0 0.750 0,035 0.398 4e50 64.70 15.30 110,18 2,907

245 £a.U LeT50 Ueuwidh Jedus 4.50 64,70 15.30 11C0.38 3.146

240 £4.0 U.T59 L.D35 0.308 ba.U0 64470 15.08 45,%6 1,586

247 24,0 0.750 0.035 G.30€ 6©.00 64,70 15,00 45.36 1.656

245 Z%.4U Ve 750 U035 Ue il 5.00 4. T0 15.08 30.54% 2.691

249 Z24.6 0.750 0.035 0. 308 6.0U0 64.70 15.00 62.64 2.119

250 24,0 0,750 0.u35 Jaddt %a50 64.70 15.08 113.40Q S 3,366

252 24.0 u.Tbhu Ueghb Ue3uB 45,00 64,70 60.31 BG,64 4.304 [y
253 24,0 0D.750 0.0:8 G.308 4b.50 64.70 59.35 Tl.64 3,836 { &)

294 Chau JaT5U Ueulo G.408 50.300 64,70 44 .55 T3 eh4 3.733
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RUN
NJMAER 1w

255
256
257
2hio
£59
260
Lol
262
2b63
24
265
266
Zo7
2ob
269
2l
27l
eie
if3
14
eTs
¢fa
217
274
19
Zdu
241
Zod
243
284
285
286
287
‘o
28
2343
291
£92
293

neaTER
LensTH Dla.
It Tive
FET TN LN
Cirai Vetuu
dred 0,704
creli Ded0o
cawaty e 130
Z4.0 OBaibu
c4en LalTbu
daeU 0479
Z¥«V  UaTBU
Ltad W fbu
24,0 ULT5C
et JeFD4
c4ed 0. 75U
£4.0  0.7150G
CHed Wafou
Ched 0. 75U
Za4ed Q. i5u
ey UeTHU
24,0 U.T5u
4.0 Jeddu
coed U 75U
24,0 Q.7H0
e Do THU
Z4e0  Uedbu
24 0 C.T7HY
Lacu  JeT90
caell GL.TE5D
4.0 Jel5u
29,0 U.750
P TR R Ty Y]
Z4-d  J.T5u
4.0 0.730
el 04753
Lired  UeTou
4.0 0,750
Zu. VLTS5
2440 JaT5U
Za4,.0  Q.750
24l Jad5U

T+l LK,
.

Vaeuas
Galdo
Qu.U325
el
Ueided
Uauén
Lalan
Uaddb
vauch
Vadat
0.4
[EFRTyal)
Uedsh
Qeu3s
Jadel
0.928
Gadeid
Yadel
0.260
Geusu
YeU2G
G020
Uadsl
(SR P
Geided
Vel
Wae220
daveu
G020
Je d2i
dazZu
U.J20
Lad2u
Gedzd
C.0cn
[PRSVF2.]
Uulcw
Q.0c6
.l

TaslLE B6=6 (COMTINUED)
CRITICAL HEAT FLUX DATA

AL UM NUM ~LIGHT WATER

CLOLANT CHANKEL
Ewblv, LA
in.

Jedub
Ja.300
G.308
T
Ga2U5
0.3G6
Ueslt
J.300
G368
Uedlo
0.508
Uadud
0.308
0.308
Ue3Ub
d.308
GedUd
Us3086
G.30G6
J.300
Uazl0
Q.300
Qelde
0.308
G308
Wadub
Q.208
Je3ub
Q.300
U.308
Yeddo
U.3Ub
Ue3JE
Qadve
Ues0b
{e3ub
Ge308
0.302
Ue3Ub

PRESSURE
RLP
Bsl

29.CU
£9.50
30.350
14.00Q
31.00
33.00
4a50
5.00
5.00
4. 80
14.00
15,350
14,50
14,450
L4450
14,53
13.00
12.90
20.00
27.50
24.00
.50
38.00
35 .00
5.00
4.0v
4.50
14,00
13.58%
13,50
27.680
271.50
208400
15,30
15.00
15.0G
5150
32,30
12.50

COLUMBTIA UNIVERSITY

LOCAL COUGLANT CONODITIONS AT BURNOUT

PRESSURE
PSTA

b4 aT0
64,70
64.70
&4, T0
&4.T0
Ghe 7O
L4470
4470
o4« 10
644170
GALTO
644 T0
b4.70
b4 00
L 4]
64.70
L4470
64,10
&4.70
4. 70
GhTO
64,70
64.70
64,70
64.70
64,70
64 .70
o%. 70
L L
64,70
o4. TV
64,70
64. 10
44,70
64.790
&4, 70
£4.T70
64,70
L4470

VELOCITY
FT/SEC

G4, BT
44472
44 . 64
25486
44,79
44.42
15.96
L4.95
l5.10
15.03
30.05
15.10
15.03
14.95
15.40
15.03
2997
Y. 8Y
30.28
44.9Y%
4. Ba
is.18
H4. 07
45431
14.95
15.26
15.34
30.05
29« 89
30.05
44e 68
44,92
45.07
30.12
2997
2%, 89
fba 99
44,599
30428

SUBCHDL ING
BEG F

83.64
T0.74
59.76
73.08
89,64
56,52
93.64
T8.84
53.64
106,20
53.64
110.88
TE.84
LOT.64
HGab4%
53.6%
80,064
S4.18
109.08
40.64
54 .54
108.18
L05.90
i08.18
53.64
8l.3¢6
LO7.&4
53.64
80,64
108.00
54,18
B2.80
115.20
54.54
43,34
1G8.18
54,90
83.70
80.64

CRITICAL
HEAT FLUX
16O RTU/HR-SOFT

4,325
3.814%
3.406
3.157
4,556
3.366
1.49¢
2.074
l.514
2.570
2.119
2.4061
2.054
2.637
2.047
1.505
2.916
2.142
3.739
3.929
2,736
2.628
4,927
%.948
1.553
2.245
2.729
2.232
3.0B5
3.895
2.938
4.070
£.107
2.326
3.123
3.921
2.893
4.135
3.134

CUMNMENTS
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TABLE B-7
CRITICAL HEAT FLUX DATA

ALUMINUM OXIDE - COLUMBIA UNIVERSITY
RUN HEATER COOLANT CHANNEL PRESSURE LOCAL CCOLANT CONDITIONS AT BURNOUT CRITICAL COMMENTS
NUMBER ID LENGTH DiA. THICK. EQUIV. DIA. DROP PRESSURE YELOCITY SUBCOOL ING HEAT FLUX
IN« IN. IN. IN. PS1 PSIA FT/SEC DEG F 108 BTU/HR-SOFT

1 24.0 0.750 0.035 5.308 0.0 64.70 30.00 127.80 c.810 Hz0; 2.4 - 3.6 mil AT20,

2 24.0 0.750 0.035 0.308 0.0 64.T0 30.00 201.24 1.980

3 24.0 0.750 0,035 0.308 G0 64.70 30.00 198.36 2.518

% 24.0 0Q.750 0.035 Q.308 Qa0 64,70 30.00 24B.22 2.790
251 24,0 0,750 C.020 0.308 22450 64.30 30.16 187.02 5.452 Dz0; 1.4 mil Al,0;
261 24,0 0.750 0.020 0.308 18.00 63,70 30.08 178.20 5.890
291 24.0 0.750 0.020 0.308 16.70 6%4.70 29.94 i38.06 5.209
311 24.0 04,750 0.020 0.308 19,39 65.20 30.05 90.36 42484
327 24.0 0.750 0.020 0.308 20.10 65.20 29.97 285,34 5.265

372 24.0 0.750 0.020 2.308 5.80 66,70 15.09 137.34 3.492
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RUN
NUMSLK D

gJ i
o4
sub
151
201
2042
205
204
203
2¢1
il
201

HAeATER
LemaTH  DlAa.
[N. il
PR AR VI 535
240  Ja750
Zhed Wei5y
2hsd  Ue TSy
Eareti D430
2h%sU UWT5L
Eded e THU
s DWT50
Lol UaTHU
24:0 WL iS5y
daey  D.TH0
et welbu

THICK .
FALIY

[V
Ul.035
JLU35
e £U
U.0c8
Uauces
VISP
D.028
Udleo
U.udb
waddiu
Va2

AL UM I NG™

CauLanT ChalNEL
Ewdiva DA
[N,

desut
0,206
Qa300c
Jeulo
Ge3io
[FIRE T
U008
Oooud
et
U..50b
Vs 3w
[SEV I

ThA
CRITICAL

~HEAVY WATER

PRESSURE
DR
PSI

L5240
lo.80
L350
Lée60
la.60
lse20
17.50
1780

el
2090
146U

241G

HLE B-8
HEAT FLUX DATA

coLumMsIA UNIVERSIT*

LOCAL COOLANT ConpDITIONS AT BURNOUYT

PRESSURE
PSIA

685,70
L. 70
L4, TQ
64.70
Oh o 70
Gha U
64,70
aite 10
Ga, T
G4, T
bae 7O
64,770

VELOCITY
FT/SEC

i0.1l0
£F45T
Q.17
35,10
25.98
30.1%
30,19
3009
14,98
iD.15
30.31

5.07

SUBCOINLING
DEG F

79.02
4896
62.26
T5.24
i0%.94
58.02
6102
T4.88
103.36
G4 .68
1uB.90
654

CRITICAL
HEAT FLUX
108 BTU/HR—SQFT

3.299
2.572
3.317
3.391
4392
3.910
2+956
3.451
3.226
4.403
24945
1.R32

COMMENTS

2)
2]
2)
2)

4]
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