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ABSTRACT 

Forced-convection critical heat flux data and correlations 
are presented for both heavy water (D 2 0) and light water (H 2 0) 
coolant. The data were obtained with stainless steel and alumi­
num heaters which formed the inner wall of an annular channel. 
The critical heat flux for D2 0 was determined to be 16% greater 
than that for H2 0 at the same coolant velocity and sub cooling. 
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 sub cooling. 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 D2 0 coolant over that for stainless steel heaters with 
H2 0 coolant. 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 15 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 velocity, temperature, pressure, 
and geometry. In addition, the effect of many nonidealities which 
lower the burnout heat flux, e.g., spacer ribs and local hot 
spots, were also studied. 1-4 

The Savannah River fuel geometry consists of annuli through 
which D,O flows past the bounding fuel surfaces. Coolant condi­
tions range up to velocities of 70 ft/sec, pressures of ~150 
psia, and effluent temperatures of ahout 180°F. 1 

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 aluminu~ 
clad, uranium-aluminum alloy fuel tubes are used in the Savannah 
River Plant reactors. Also, light water (H.O) was used as a 
coolant in pl.ace of D,O. 

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 
H2 0 coolant was presented earlier. 5 This report presents the 
data used in the earlier correlation along with recent critical 
heat flux results obtained with stainless steel heaters with D,O, 
aluminum heaters with H2 0, and aluminum heaters with D2 0. 
Correlation of these groups of data is presented. A generalized 
empirical correlation of all the data is also presented. 
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SUMMARY 

Empirical correlations of the critical heat flux are pre­
sented for individual data groups (stainless steel heaters -
H2 0 coolant; stainless steel heaters - D2 0 coolant; aluminum 
heaters - H2 0 coolant; and aluminum heaters - D2 0 coolant). 
These correlations are applicable to subcoolings 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 D2 0 is 16% 
greater than for H2 0 at constant coolant sub cooling and velocity. 
The critical heat flux of aluminum heaters is a minimum of 20% 
greater than for stainless steel. The combined effect of DoO 
coolant and aluminum surfaces is a 40% increase in critical heat 
flux compared to that for H2 0 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. 
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DISCUSSION 

EXPERIMENTAL EQUIPMENT AND PROCEDURE 

Experimental data were obtained 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 Conditionsa 

Heater 

Diameter 
Wi dth, 

Laboratort Material inches 

Savannah River Stainless Steel 0.5 
Savannah River Stainless Steel 0.5 
Savannah River Stainless Steel 2.0 

Columbia Stainless Steel 2.125 
Columbia Stainless Steel 0.75 
Columbia Stainless Steel 0,75 
Columbia Aluminum 0.75 
Columbia Aluminum 0.75 
Columbia Aluminum 1.00 

a. Range of Test Conditions: 

15-60 ft/sec 
7-160°pb 

0' 
leng th. 
inches 

24 
24 
20 

24 
24 
24 
24 
24 
24 

Coolant velocity 
coolant sub cooling 
Critical heat flux 
Pressure 

1-6.5 x 10 6 Btu/(hr-ft~) 
30-95 pSia 

Burnout Detection: 

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

Material 

H,D 
D,D 
H,D 

H2 O 
H,D 
D,O 
H,O 
0,0 
H,D 

Coolant 

Equivalent 
Diameter, 

°1 nches 

0.375 
0.375 

0.4 - 0.5 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 

h. Data below 45°F subcooling not used in correlations (See Figure 6) 

SRL Test Loop 

Geomet!1 

annular 
annular 

rectangular 

annular 
annular 
annular 
annular 
annular 
annular 

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 
loop 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. Both inlet and outlet temperatures are 
recorded. Outlet pressure and pressure drop across the test 
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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 burnout (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 circumfer­
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 pins, 2.5 inches from the end of the 
heated length on either end. 

Columbia University Test Facility 

The Columbia University 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, connecting piping, and a housing section to 
accommodate test sections. 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 across the heated 
length of a simulated fuel rod was measured with a U-tube mano­
meter. 
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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 coolant 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 0 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 tenninate 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 

H2 0 Coolant and Stainless Steel Heaters 

The SRL H2 0 results (Figure 3 and Table B-1) are correlated 
by the following empirical equation:* 

QI = 153,600 (1 + 0.0515 V)(l + 0.069 Tsub) 
A Cr 

* The nomenclature is given on page 31. 

- 11 -

(1) 



4r-----~r_----_.------_.------7r----__, 
~ 

N --.!. 
~ 

::::: 
" iii 3 

Q 
x 
.=! 
u. 2 -c 
~ 
c 
.~ -.~ I 
o 

" Q) 
~ 

" ., 
c 
Q) 

::;;: 

Heater Diameter = 0.5 inch 
Heater Length::; 24 inches 

De = 0.375 inch 

2 3 4 5 
Calculated Critical Heat Flux, 106 Btu/(hr-ft2) 

(Equation 1) 

FIG. 3 SRL Critical Heat Flux Results With Stafnless Steel 
Surfaces and H2 0 Coolant 

- 12 -



The correlation is based on 132 experimental burnout 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 obtained 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 obtained 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-OD 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 obtained with this design (large scatter and no 
reproducibility); therefore, all these results were discarded. 
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 7 at SRL 
with a 2-inch-wide rectangular channel heated from one side. 
TIlese 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 14% from Equation 1. 

The improved correlation of data over previous studies 2
-

4 

can be attributed to better data acquisition. Furthermore, by 
limiting the correlations to subcoolings greater than 45°F, the 
correlations are even better. As shown in Figure 6, there is a 
distinct break below 45°F in the curve of critical heat flux as 
a function of sub cooling 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 
veloci ties for unifonnly heated tubes; hence, the increased 
critical heat fluxes. 
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The results presented in Figures 3, 4, and 5 were obtained 
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. 9 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 critical heat fluxes about 41% higher than 
the correlation in Reference 2 at 135°F subcooling, SO psia, and 
25 ft/sec, and about 23% lower at 45°F subcooling, SO psia, and 
25 ft/sec. The data in Figure 3 have been correlated quite well 
with Reynolds' analogy.7 

D2 0 Coolant and Stainless Steel Heaters 

The critical heat fluxes for D2 0 are correlated by the 
following equation and are summarized in Figure 7 and Tables 
B-4 and B-5. 

QI ~ 178,000 (1 + 0.0515 V) (1 + 0.069 T b) (2) 
A Cr su 

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 4%. 

Because of the possibility that critical heat fluxes for 
D2 0 might be higher than for H2 0, studies were initiated to 
better define the critical heat flux with D2 0 coolant. Because 
of the high cost of D2 0 (~$30/lb), special precautions were 
taken to reduce losses. The D2 0 used at SRL was 93% D2 0 and 7% 
H2 0. Similarly, data at Columbia University were obtained with 
90% D2 0 and 10% H2 0. Because the SRL data for D2 0 were obtained 
with the same apparatus and type of heaters as used for the H2 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 D2 0 measured in the tests is 16% higher than that 
for H2 0 at the same velocity and approximately 8.5% higher at the 
same mass velocity. The critical heat flux is estimated to be 
1% higher for 99097% D2 0 (linear extrapolation). 
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Aluminum Surface and H20 Coolant 

Background 

The effect of heater material on the critical heat flux has 
been investigated with pool boiling conditions.'o," Tests 
indicated that although stainless steel and copper had equivalent 
critical heat fluxes, critical heat fluxes for aluminum were up 
to 20% greater. Because 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 
critical 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 surfaces 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 2

). Higher heat fluxes were subsequently 
obtained with direct resistance heating of aluminum heaters with 
diameters of 0.75- and 1.0-inch. 

Results 

The critical heat flux results for aluminum heaters and H2 0 
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 20% greater than stainless steel heaters. These 
results are correlated by the following equation and are shown 
in Figure 8 and Table B-6. 

g, = 188,000 (1 + 0.0515 V)(l + 0.069 Tsub) 
A Cr 

Deviations from the correlation ranged from -6.6% to +16% for 
heater thicknesses of 0.020, 0.028, and 0.035 inches. 

(3) 

Critical heat fluxes were also determined for aluminum-oxide­
coated aluminum heaters. The oxide coatings were formed either 
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by a commercial anodizing process or by steam autoclaving at SRL. 
The anodized heaters obtained from the first vendor 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 to 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-OF)]. 
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 melting 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 020 Coolant 

Several tests conducted with aluminum heaters and D.O 
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 H2 0 and stainless 
s~rfaces: 

gl ~ 218,000 (1 + 0.0515 V)(l + 0.069 Tsub) 
A Cr 

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

(4) 

the independent increase in critical heat flux of 20% for aluminum 
over stainless steel surfaces and of 16% for D2 0 over H2 0 coolant 
discussed earlier. 

CORRELATION OF DATA 

The correlation of all the data presented for D2 0, H2 0, 
stainless steel, and aluminum based on a least squares regression 
analysis is: 
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This empirical correlation fits the data with a standard deviation 
of 4.8% and a maximum deviation of 16%. The data are compared 
with this equation in Figure 11. 

The most striking differences in physical properties between 
H2 0 and D2 0 at 262°F are density, viscosity, and heat of vapori­
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 sub layer , factors 
containing only density and viscosity have not been applied 
quantitatively with success to correlate critical heat flux data. 

TABLE II 

Properti es of Li ght Water and Heavy Water 

Evaluated % 020 
Pro~ert:i Tem~erature H2 0 Value 020 Value Contribution 

Tsat, of 312 313 + 0.321 

Ibulk, of 212 213 + 0.472 

T, OF 262 263 + 0.382 

~, Ibml (ft-hr) T 0.5082 0.5566 + 9.52 

D, 1b£lft T 0.3542 x 10- 2 0.3501 X 10- 2 - 1.16 

(We/Re) T 0.0372 0.0411 +10.4 

p, Ibm/fe T 58.5 64.9 +10.9 

cP' Btul (Ibm-OF) T 1.02 0.994 - 2.55 

pCp, Btu/(ft 3_OF) T 59.7 64.5 + 8.04 

p, lbm/ ft 3 Tsat 57.0 63.1 +10.7 

ie, Btu/lbm Tsat 901 824 8.55 

pie, Btu/ft S 
Tsat 51,300 52,000 + 1. 36 

k, (Btu-ft)1 (hr-ft'-OF) T 0.396 0.371 - 6.31 

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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Chang's analysis." The second term in Equation 5 (pCp Tsub)C 
expresses the heat removal capacity of the coolant on a unit 
volume basis. This term includes both the effects of coolant 
sub cooling and of variation in the volumetric heat capacity of 
the coolant. 

The third term (pCp)H and fourth term (k)H 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 boiling 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 

Properti es of Stainless Steel and Aluminum 

Aluminum 
Stainless Steel Alumi num Contribution, 

Pro~ert~ Value Value % 

k, (Btu-ft)/(hr-ft'-OF) 10.0 117.0 +1070.0 

p, 1bm/ft' 501.0 167.0 66.7 

cP ' Btu/(lbm-OF) 0.120 0.245 + 104.0 

pCP' Btu/(ft'-OF) 60.1 40.9 31.9 

Equation 5 was also compared with some earlier critical heat 
flux data obtained with Cu-Ni heaters and H2 0 coolant (Figure 12).' 
The average deviation of these data from Equation 5 is ~16%. 
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. 

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, coolant 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'·," for thin stainless 
steel heaters also indicate that the critical heat flux is a 
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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 underst&'1d the 
fluxes for aluminum versus stainless 
was developed for computer analyses. 
internal conduction and used surface 

increased critical heat 
steel, an analytical model 

The model accounted for 
heat transfer coefficients 

as a function of surface temperatur"e. Burnout 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 a 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 Leidenfrost 
point. Note that a heater material effect based on thermal pro­
perties would not be applicable at pool boiling conditions, 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 sub cooling and velocity. 
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D 

APPENDIX A 

NOMENCLATURE 

critical heat flux, Btu/(hr-ft 2) 

ratio of the Weber Number to the Reynolds Number, 
)lv/ag c 

V
2
Dp * 

Weber Number, 
age 

VpD Reynolds Number, --­
)l 

film temperature, (Tsat + Tbulk)/2, of 

coolant sub cooling (Tsat - Tbulk), of 

;::::- coolant saturation temperature, of 

bulk coolant temperature, of 

diameter of bubble on heater surface, ft 

coolant channel equivalent diameter, in 

coolant velocity, ft/sec 

gc gravitational constant, (lbm-ft)/(lbf-sec2) 

cp specific heat capacity, Btu/(lbm-OF) 

k thermal conductivity, (Btu-ft)/(hr-ft 2-OF) 

)l coolant viscosity, lbm/ (ft-sec) 

a surface tension, Ibf/ft 

A heat of vaporization, Btu/Ibm 

p = density, lbm/ft 3 

Subscripts: C = coolant 
H heater 

* All coolant properties except heat of vaporization were 
evaluated at film temperature; heat of vaporization 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 diameter, inch 

Pressure drop, psi 

Conditions at point of burnout 

Pressure, psia 
Velocity, ft/sec 
Sub cooling , of 

Critical heat flux, Btu/hr-ft 2 

Con®ents pertinent to test data exclusion from correlations 

1. Sub cooling less than 45°F 
2. No burnout 
3. Heater bowed or damaged during previous test 
4. Flaws in heater fabrication 
5. Poor heat balance 
6. Safe operating point - flux too low to validate 

appropriate correlation 
7. Pressure effect - observed only at 95 psia and 

velocity of 15 ft/sec 
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b5I Db .24.v O.50U 1..1.120 1).375 9.86 57.56 30.15 39.89 1.688 41 

b5. Db i4.U u.soo O.lLO 0.375 13 ... 0 56.47 29.97 20.25 1.508 41 

053 Db 2 ..... 0 O.SOU 0.120 0.375 .... 42 104.58 28.90 47.90 1.840 41 

05 .... Db 2't.0 U.!;lI..lO ().U\) 0.315 8.98 28.95 29.71 43.99 1.969 41 

.55 Ub .::4.1..1 o.Sou 0.120 0 • .j75 9.77 29.ltl 30.10 37.69 1.852 41 
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658 Db " ..... 0 0.50.1 0.120 0.37':> 15.66 55.46 45.18 62.51 2.813 41 
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UtiLE B-1 (CUNTlNUEO) 
CRITILAL HtAT FLUX DATA 

~TAINL~S~ ~T~tL -LIGHT WATfR SAVA~NAH RIvER LAAORATORY 

I(UI~ hi:ATt:K (GuLANT CHAhNt"i.. Ptd:SSIJ;"c LOCAL COOLANT CmWITIONS AT BURNOUT CRITICAL CO"l~ENTS 

NUMtiEf<. 10 L I::f~;'" Tli uiA. THII"I\. EQUlV. I.)(A. DROP PRESSURE vE:LOCITY SUBCOOL I NG HEAT FLUX 

". IN. IN. ll~ • PSI PSIA FT/SEe DEG F 106 BfU/HR-SQFT 

719 D5 ':4.0 0.500 O. i.:.O O. ;d5 1.53 SS.53 28.83 74.52 2.446 
,"u D5 L4.(.; v.50J IJ.lLU 0.0>7:) fJ.04 59.51 30.05 102.29 3.076 
U.l 05 L4.'-I 0.5000.UO o oJ 7') 7.n 58.43 30.22 91.84 2.853 
722 D5 24.0 D.50;; O. U0 0.31'5 1.81 5 E. 0 1;1 30.21 82.30 2.619 
7<> D' ':4.u u.:>00 0.1.::V U • .) 15 7~ 74 56.91 30.17 78.50 2.419 

'" D5 L4.0 0.500 0.120 (J.3f5 7.Sl6 5b.89 30.31 100.10 3.105 
liS D' .:<t.0 0.:."" 0.120 0 •. 315 1. ')7 56.51 30.18 <;1.81 2.873 

7'0 ':6 L<t.U ".5vv v.l.<:0 0 •. H5 1.90 59.38 30.19 89.10 2.650 
7n 05 :.:'4 • .,) v.500 0.1'<:0 0.315 1.64 57.22 30.11 79.31 2.439 
728 u4 '4.u ").500.1 0.1 c:o O. ~ 7':> T. d 7 58.36 30.08 92.34 3.109 
1£9 D4 l4.v iJ.50" o.uo 0.375 1.&2 58.46 30.32 85.10 2.873 
no U4 L4.0 O.SOU O.L:.O 0 • ., 75 7.63 57.74 30.23 78.37 2.6')9 
Hl D4 Z<t.U U.:'Uv Lrol.<:U Od7.., 7.58 <.>7.75 30.21 68.87 2.453 
HZ D4 L4.0 0.50<.1 (J.lloJ 0 ... H5 7.84 59.21 30.23 97.65 3.098 
733 U4 2"'t.0 O.50u 0.120 O • .j 15 7.80 58.38 30.24 95.49 3.081 
H ... Oil. L .... v u.5('),; 0.12" v.~7S 1.69 58.08 29.85 94.19 3.098 

'-'5 Dil 24.0 0.:'00 0.120 O. )75 7.58 58.98 30.07 88.91 2.869 

'-'. Oil L .... O 0.:;00 v.1LU 0.3/5 7.51 58.29 30.22 80.21 2.641 

'" 'H Dll 24.(; u.500 v.loW il.J75 7.46 58.41 30.19 72.92 2.443 

'" 73. Dil ;<4.0 0.500 0.1.:0 00$1$ 7. 1B 58.99 30.40 98.89 3.105 
739 Dll 24.0 o • ..,Ou u.l<::0 0.315 9.54 Sb.89 30.36 82.64 2.642 
740 DIO 24.<> 0.:'00 0-120 0.375 7.95 57.45 30.33 95.38 3.116 
741 tHO <1.,...0 0.5UO v.12!) O •. H5 8.0b 59.17 30.45 103.55 3.121 
1'.2 Dlu 24.0 O.SOU v.120 0.375 7.94 58.93 30.52 95.22 2.881 

'43 DID 24.0 0.500 O. l20 0.315 7.88 58.70 30.52 86.62 2.680 
H .... Dlu L<t.J O.50J O.UlI O.::S 75 7.82 58.93 30.50 75.74 2.457 
7'05 OlD .24.0 U.500 U.120 0.375 8.06 58 .. 94 30.54 102.29 3.130 

'4. DID 2 ..... 0 0.500 0.1.::0 0.375 7.89 
jH9 

30.50 85.99 2.666 
1'.7 u5 L4.0 J.:JIJv 0.120 O •. H!J 8.10 5 .07 30.22 100.87 3.105 
748 05 24.0 0.5IJO O.lLO 0.375 7.90 6.01 30.20 93.47 2.862 

"9 OS 24.0 0.500 0.120 0.375 7.75 56.46 30.18 85.84 2.650 

750 05 24.0 0.50u {J.120 0.375 7.66 56.45 30.16 76.81 2.428 
751 D5 2<t.U 0.500 0.120 0.375 2.17 55.61 15.74 100.89 2.030 
752 D5 :.:'4.IJ v.50u 0.120 0.315 2.75 55.61 15.48 89.28 1.865 
15; D5 2.4.0 0.500 O.lLO 0.375 2.65 56.04 14.98 78.89 1.612 
154 OJ 24.0 0.500 0.120 0 •. .:\7:> 2.63 55.92 14.97 71.13 1.517 

15' D5 L't.v u.500 0.120 0.375 8.02 56.29 29.43 99.47 3.110 
15. DS L<t.O 0.500 0.120 0.:n5 16.17 56.61 46.24 78.88 3.332 
751 D5 ,,4.0 O.SUO 0.120 v.375 16.37 51.65 46.18 90.04 3.601 

'5. 05 44.u o.:'OlJ (j.120 0.375 15.~8 56.36 46.22 74.47 3.110 
759 D5 ':4.0 O.!:>OO 0.1.<:0 0.375 15.63 56.95 46.26 69.32 2 .. 880 

7.0 D5 2.4.0 1).500 (J.ll.O 0.375 15.36 51.30 46.29 63.11 2.668 

701 D5 24.U 0.5000.120 0.315 15.14 56.91 46.29 55.44 2.441 

76i D> ~4.0 0.500 0.120 0.375 8.05 56.45 30.03 110.14 3.128 " 70> DS 24.0 0 • ..,00 00120 0.375 8.05 56.37 30.04 106.97 3.103 ., 
764 D5 Z4.0 0.500 0.120 0.375 7.68 55.99 30.02 88.65 2.641 ., 
765 D5 24.0 0.500 0.120 0.H5 1.51 55.46 30012 56.36 1.849 " 7.0 D4 l4.0 0.5UO 0.120 0.375 8.39 55.48 30.06 97.49 3.092 

'0' D4 24.0 0.500 0.120 0.375 8.17 55.04 30.05 92.41 2.880 ,., 04 ':'t.O u .. 500 0.12u 0.375 8.u5 55.29 30.04 83.95 2.650 
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169 
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77l 
liZ 
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77> 
776 
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779 
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TAbLE 8-1 (CONTINUED) 
l,RlTICAl HEAT FLUX DATA 

!:.TA1NlESS STEel -LIGHT wATER SAVANNAH RIVER LABORATORY 

Hc~TER 

lEN~Tf\ Dlh. rHI~K. 

IN. IN. iN. 

L"+.0 

':4.,-, 
':4.0 
':4.'J 

':4.0 
.:'4.0 
24.v 
.::4.0 
':4.G 
':4.0 
<'4.0 
L"t-.U 
':4. U 
L4.0 
':4." 
.04.0 
24.J 
2.4", 
.:'4.0 
L4.u 
':4.0 
.:'4.0 
24 • ..; 
.:'4.0 
24." 
,!'t.O 

.:: ..... oJ 

.c4.u 
.::4.0 
,,' ... 0 
24.0 
.::4.0 
.::'t.lI 
.::'+.u 
2't.Q 
2.,.1,) 
""t.v 
",·'to0 
":-t.v 

.::.'t.0 
.:: .... 0 
"',>.u 
"',>.J 
.::'t.w 
"''>.U 
.::'t.w 

"' .... u 
.::'t. OJ 

<::,>.,-' 
2 .... u 

u.:>UlJ 0.UU 
0.'.>OJ J. i..:'0 
0.'.>00 0.120 
v,50J v.l1l! 
0.500 O.lLO 
O.'JUO O.UO 
J.':>O:'; u.LZu 
0.500 u.lLu 
0.5U0 U.LLU 
0.!.luLl U.lLU 
O.::;UO 0.1..:0 
0.:'J0 u.1Lu 
0.':>00 lJ.lLU 
0.:;0,) 0.lL0 
v.SOu v.12v 
0.500 U.UU 
v.~v\J V.l'::U 

,;.;'vu u • .L,ilJ 

O.~O'J 0.1<:::0 
v.50J 0.1.::0 
';.:.>OJ v.l.::O 
0.::'00 J.1<:O 
v.~'Jv 0.L2<.; 

0.50u U.1<::0 
J.::'UJ V.l1::v 
J. ')LL", U. L'::'U 

0.:'00 0.120 
u.')uu v.l<::,; 
O.':iOu U.1.::u 
0.'.>00 0.1'-'0 
u.':>0,; V.ltv 
0.':>00 0. U0 
0.';\.)',.1 v.l.::;) 

u.:l Ju v. i~ .... 
0.:'00 0.1.::0 
u.':>vV 0.J..:0 
u.:>u>J ud2U 
0.':>0,] C.ULl 
u. '-n)" v. l.:v 
u.':>uu v.itu 
v • .:>U,; v. l.,:v 
u.;"VV 0.1<.v 
O.~J'J O.lLJ 
".S'-IJ .J.l/u 

u.~uu U. L2'J 

J.:"J) 0.1.::.0 
v.~V0 w.1~J 

v.5uv 0.1':L 
U.:>v~ v.L!-v 
,~. ~ vV 

(.lJ[;lANT CHANNel 
EI.IUi V. 1)1 A. 

IN. 

ud75 
0.375 
0 • .:> f':> 
0..,1:' 
u.~7'.> 

J.~!5 

U. j 7, 
u • .:> IS 
J. j 1':> 
O •. H:J 
0.~7:' 

O. ~ 75 
00.>75 
O. j 75 
v. j 7':i 
O. J 15 
0.3 [;, 
u • .J 7'.;, 
0.:'" 7~ 
O. j 7S 
iJ.;)75 
0.31'.;. 
u.Jb 
0 • .> 75 
D. j 7:' 
0.H5 
O. j7':> 
J.j 7S 
0. J 75 
J • .;o 75 
0. j !5 
0 .... 75 
J. ::-. 7~ 
0 • .:>7':> 
O. j 7;; 
v • ..> 7':> 
U. :) (':> 
o.r!':> 
0 • .>7:> 

U. -" l:.> 
v.Jh 
<) • .:> 1~ 
O. ~ /-:­
J.~7':> 

0.-,,7:' 
.J. :>7'.;. 
')'.J 1-:-
0 • .:,f<;' 

J. -" 1') 
". J 1'", 

PRESSURE: 
iJkUP 
PSI 

7095 
0.3<,; 

1" -91 
10. ~ 3 
1(,.~4 

16. L 9 
15.9L 
1::0.6 tl 

8.<.>4 

8.24 
8.0':> 
7.'15 
l.l:!~ 

16.tH 
ib.49 
16.'::'2 
1<>.1.2 
15.00 
15.92 

b.15 
0.02 
7.81 
O. i.lCJ 

1-" • .24 
8.20 
6.23 
b.14 
d. 72 
b.3C: 
u."'~ 
0.14 
0.5'1 

16.l;lZ 
16.5 j 
1 t). ;',"., 

it:,. 1 I 
15. do 
l~.Srj 

,-,.7~ 

6.14 
It). ~ 3 

3.0,,-
2.,,'+ 
j. ):) 

O. !2 
2.J0 

::i.24 
ij. 1 7 
0.:'>', 

LOCAL C(J{)lANT CONDITILJ"lS AT BURNOUT 
~RESSURE vELOCITY SUBCOOlING 

P5iA FT/5EC OEG f 

55.38 
55.'tl 
:is.96 
56.38 
,>5.73 
55.69 
,;>,.<;,0 
5':>.65 
,:>4.96 
55. !::I 7 
5S.97 
55.02 
56.07 
So.86 
56.71 
56.93 
56.45 
56.33 
!:oil.33 
5:'.40 
55.85 
54.97 
Sa.I;H'" 
5't.80 
55.bO 
9'1. <;'4 
::'6.02 
50.CJ!:i 
56.07 
5<>. l"t 
55.90 
jb.l0 
56.01 
5,.,.32 
56.53 
50.29 
"6.3';1 
') 5.95 
,:.>.71 
;;u.07 
:.>0.3't 
2''>'.91 
29.34 
!'~.39 

;>5.00 

94. (,'j 

<;':>.40 
"I;. 't 7 
':>:.>.713 
,>5.6" 

30.02 
30.07 
,+5.37 
45.3't 
45.99 
46.12 
46.03 
't':>.92 
30.13 
30.13 
30.11 
30.19 
30.26 
46. Iii 
't6.23 
46.21 
'+6.10 
46.10 
46.61 
29.96 
29.96 
30.11 
30.07 
29.70 
30.46 
1'+.24 
30.14 
30.6.3 
30.60 
:;'0.00 

30. ':>7 
30.61 
45.<;.5 
4.,.9L 
45.91 
45.87 
'tb.OIl 
't<....06 
.3J.21 
~'J. 20 
29.06 
15.31 
b.06 
1 't.Il" 
.10.04 
14.17 
1 't.41 
15.15 
'hJ .02 
,'JO. 4 7 

74.57 
100.33 

90.49 
83.14 
74.30 
67.dB 
62.44 
54.43 

104.20 
100.13 

41.2't 
83.12 
74.45 
b5.50 
80.06 
74.54 
67.84 
61.27 
52.14 

105.7':> 
95.87 
52.47 
46.22 
2l.'t't 

103.lt 
50.29 

128.27 
99.<J5 
<;'5.42 
66.27 
79.45 

103,';9 
91.n 
84.53 
77 .83 
70.'19 
6't.60 
57.15 

10B.79 
109."2 
p.e L 
63.0 rl 
60.5<) 
48.96 

110.27 
66.,19 
60.53 
4;;>.'+1 

IlL?,9 
'>6.71 

CRITICAL 
HEAT FLUX 

106 BTU!HR-S OfT 

2.425 
3.110 
3.609 
3.359 
3.114 
2.880 
2.686 
2.437 
3.110 
3.020 
2.~69 

2.651 
2.435 
3.616 
3.355 
3.112 
2.871 
2.655 
2.327 
3.127 
2.887 
1.840 
1.67(' 
1.512 
3.105 
1.523 
3.094 
3.116 
2.R7S 
2. b 51 
2.437 
3. 118 
3.627 
3.31)(, 
3.lLA 
2.903 
2.646 
2.432 
1.121 
3.020 
I.S0R 
1.337 
1.190 
1.05<i 
3.026 
I.S0il 
1.3AB 
1.220 
3.11H 
3.092 

CO/ol.MENT5 

131 

2 ) 

7J 
41 

31 
3 ) 
3 ) 
3 ) 
3 ) 
3J 
3J 
3 J 

" 3 ) 

3) 



TABlf [1-1 I COt>,T INUEOI 
CRITIC~l HEAT flUX DATA 

::,TAlf'llt:SS STI:c.l -LI(,HT WATER SAVA~NAH RIVf~ LABORATORY 

RU,1j 11<:A T",-{ LuuLANT CHAI~~.E.l PRESSURE LOCAL COOLANT CO~DITIONS AT HLJPNOUT CP IT ICAl COMMENTS 
NUMbER 1D Lt ..... GlI1 ult,. THILK. E:!.!IJI~. uIA. lJRQP PkiSSUF<.E vElDC I TV SUBCOOLlfliG HEAT FLUX 

<N. 1 N. IN • IN. PSI PSiA F TIS EC DEG F 106fHU/HR-SQFT 

'L> LlJ,.,j '::4.u v.j(.hJ u.I.Lu u. ~ 7,:> 8.30 55.44 JeO.53 90.05 2.811 
diu J13 ,'t.0 "}.:..Ou OdLI) 0 ... 1'; 8.18 :'4.75 30.51 83.14 2.655 
~21. u13 2.,..u O.;Juu "".lLLJ iJ_:' 7::' 8.CO !)5.28 30.49 74.70 2.435 

'"' 0'", , .... J u.;;u\J u.liO 1).315 16.79 56.11 46.17 85.55 3.609 
d",,j Olj ;:: ... 0 0.':><)0 O.LiO Od1:" 1 t..;'·f 5Q.2.0 46.08 80.71 3.366 
8,4 UU 0:::4 • .; 0.:>uv v.iiu U.,j I':> 10.ls9 56.56 46.13 74.18 3.098 
,.5 "b L'I-.O O. SOO (J.110 Od75 16.15 56.73 46.11 68.78 2.887 
alb l.ll ,j 2.<t.o 0.5")'; u.I'O U. j IS 15.91 SO. 71 45.76 62.24 2.642 
an 01> 2.4.u a.SJi,) v.l rU u.37::. 8.<t5 ~5. 87 30.21 103.73 3.110 .". 01.> L4.u O. ~qu -0-.1.:::0 O •. H~ 8.50 55.77 .so.n 104.65 3.110 
8;::9 D1.> 2:4 • .., ·.1·~·':>uu 0.1.20 0.~ 75 8.25 55.29 30.46 102..02 3.092 
a30 013 ::-t.-.O u.SUU 0.120 0 •. H5 2.70 54.04 15.42 96.75 2.036 
8::H .e-I3 .::<t.0 0.500 O. UO 0.3 7~ i.fd :>5.18 15.33 87.79 1.843 
032. DU 2.4.u 0.50u 0.12{J 0 •. H5 'i.. 70 55.33 15.06 79.07 1.670 ,,,; i..l13 24.0 0.500 O.lLO 0.315 2.7d 54.66 14.97 66.29 1.505 
83ft Dt; 2'1-.0 0.5000.12.0 O. Je 15 2.92 55.43 14.95 58.37 1.345 
03~ ou 2.4 .... J.50u v.120 0.375 3.51 55.48 15. 16 47.47 1.204 
1;136 013 24.0 .:1.500 (J.liO 0.375 8.08 54.90 29.97 108.58 3.094 , 3) 

8j7 01. 24.0 0.5UO U • .I.2Q 0.;$'15 0.09 56.05 30.33 98.62 3.038 

'" 
Old 0", 24.0..1 0.50u v.1LO 0.315 7.Bl 56.13 30.38 98.10 2.813 

00 8Ci9 01. 2.4.0 O. !>OO O.lLO 0 •. 315 7.69 56.05 30.54 81.88 2.592 
840 D", 24.U O.:.VO O.12v 0.:315 7.51 50.1b 30.61 79.20 2.392 
a41 .. H4 .2.4.0 0.500 O.UO O •. H5 7.61 95.45 30.28 107.42 3.060 

'" 0,. 2:4.0 O.!.>OO 0.1.:::0 0.315 7.36 95.19 30.25 86.44 2.637 
0.; 0'" ,4 .... u.!.>vv 0.12.(; o • .;ln 2.55 55.70 15.36 96.53 1.998 

644 0", 2't.0 0.50..10 u.1LO 0.375 2.43 54.78 14.59 91.17 1.825 

845- 01. 2:<t.0 0.500 0.120 0.315 2.bl 55.89 14.94 75.61 1.652 

a'b 01; 24.0 U.SUO ".1<:;0 0 ... ;75 15.92 56.<;5 46.75 77.11 3.069 

a47 014 24.0 0.500 0.120 0.375 15.27 56.04 46.09 69.98 2.815 

0 .. 014 24.0 0.50U 0.120 0.375 24.29 57.29 15.12 119.45 2.407 

8~~ 01. ,4.0 0.500 1l.120 0.375 2d5 55.53 14.95 111.44 2.203 

"0 014 i4.0 0.500 0.120 O. ,75 2.38 55.64 14.95 91.31 2.014 

851 Dh 24.1l v.sou 0.120 oJ.315 2.53 55.97 14.92 88.54 1.8Z9 
85< D14 i4.0 0.500 0.12.0 O • .175 7.76 55.71 30.09 108.27 3.060 

a53 Ul> .l:4.v U.500 O.l..i.U o oJ 15 &.04 55.94 30.13 102.35 3.323 

a" 0» 2<t.O 0.50l) 0.120 0.315 7.8Z 56.27 30.11 95.81 3.091 

8~S 015 24.0 0.5000.120 0.315 7.63 56.03 30.10 86.08 2.842 

85. OlS 2.4.0 0.500 0.1.1:0 0.315 7.5-8 55.91 30.08 77.53 2.612 

a51 015 24.0 0.500 0.120 Q • .HS 7.46 55.91 30.07 71.28 2.0\21 

a58 015 2".0 0.500 0.120 0.315 1.10 56.03 30.04 63.13 Z.210 

a5. 015 24.0 0.500 0.120 0 •. 375 2.8S 55.75 15.04 99.43 2.210 

a.o D15 24.0 0.500 0.1.1:0 0.) 75 2.17 55.64 14.94 90\.59 2.038 

0., Dl:i 24.u 0.500 0.120 0.37::' 2.80 55.80 15.00 82.03 1.836 

O.l 015 24.0 0.500 0.12u 0.315 3.11 56.41 14.87 80.48 1.661 

ab3 015 24.0 0.500 O.liO 0.375 8.04 55.94 30.12 107.78 3.339 

a.4 OlS 24.0 oJ.500 0.120 0.375 7.85 54.98 30.11 99.14- 3.083 

8b' 015 24.0 0.500 00120 0.375 14.51 56.36 45.67 80.98 3.346 

abb 015· 24.0 0.500 0.lZ0 0.375 15.13 56.59 45.73 74.34 3.091 ,., 015 .l:4.u 0.5uo {J.IZ0 0.375 1'1-.92 56.40 45.60 67.09 2.851 

abO 015 .24.0 0.500 0.120 0.375 1'1-.92 56.05 45.52 59.40 2.628 



'" <0 

RUN 
NUHtH:K iu 

'b' 
070 
bH a,. 
dB 
1;74 

bI, 
, ib 

81i 
aib 
dH 
0.0 

'" , .. 
'" 004 

'" '06 
bd 1 

''" '0' ,,, 
6'> 1 

8".<. 
0 ... .;\ 
,>4 
09':> 

'" 
'" tljb 
6'i~ 

'vv 
'0, 
'iQi ,,, 
904 
-10:' 
>C, 
'iu7 ,,, 
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'>lu 
9d 
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<,ob 
',Ilo 
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J 15 
UJ.') 

OL> 
015 
01> 
Db 
0;, 

01> 
ul:) 

", 
U 1" 
010 
010 
l; 10 
010 
01 .... -
v16 
010 
J10 
V 10 
0'. 
w1" 
,) 1'-' 

0'0 
010 
U!v 

,"0 
:.J 1<> 
010 
Uj, 

J 10 

01. 
u 1" 

'". 010 
1) .. -> 

"' , 
J..lG 

ell" 
,-'1<> 
Ulo 
010 
od 
flU 
DU 
nll 
ad 

"" 1-'11 

TAbLE ~-l (CONTINUEU) 
(kITICAL HEAT fLUX OtT A 

STAINLESS STEEL -lIGrlT WATER SAVA~NAH RIVER LABORATORY 

HEAH" 
lb'l';'rH lilA. 1111"'<,. 

IN. I j.. I r... 

l't.() 

L4.v 
L't.u 
24.0 
L4.u 
.::4.U 
':4.J 
<:::4.u 
':4.0 
':4.0 
L'+.,J 

':"1-.0 
L'+.U 
.:'4.J 
'::'1.U 

L't.\.! 

L .... 0 

.:.'t.J 

L"'.-.I 
2 .... 0 
.L't.1.I 

i .. oU 
L'to ,} 
c •• V 

<:: ... 0 
<::-t.v 
L-t.u 

L' •• LJ 

L4.0 
i4.0 
2 ... u 

L't.J 
L!t. J 

,,-,<.0 
2.'t.0 
,,;.'t. U 

L't. ~ 
": ... 0 

L't.0 
i ... 0 
i't.v 
i'l-.o) 

O:'t.v 

Ltf • J 

O:'f. J 
,:< •• u 

J.:;uu 0.1",0 
U.:.>U0 U.1LC 
u.5uu v.l",,, 
0.:>00 O. i<:U 

U.:>VlJ 0.1LU 

O.5uu U. liU 
0 •. )1)0 J.ILO 
u.;l"H .. U.iLl; 

0.')00 U.l,O 
,J.:.>uv V.l";v 
u,jJJ \.:.1':0 
0.:;00 (J.lLO 
.J.:>uu u.ILl' 
J. ')<.1v u.I..:0 
u.50J 0.1.08 
",:'iJu u.L::U 
U.5lJu f).ld) 
U.Su') V.1L,", 

0. Jv V 1,.Lo".V 

0.:;.JO 0012J 
V'JV'~ v.l.:u 
v • .)vu v.iL" 
u.:n)v 0.1iO 
V. ")..)" voL.:v 
0. :>lJ0 V. l <cd 

v.)J0 1.1 ... ,:.l, 

0.J0J 1.,.1.20 
0.::'00 00 u:u 

l,. 1 L'--

V' .).J~ lJ. ~ L V 

Do '.ollJ 001<:0 
v.:"vJ u.!,:J 

u.:>\JIJ J'~LU 

.... ~"J volLU 

"oJJv v.L,v 
). :;.0) J. L.v 
.). J0J v. L .. '" 
V. ")u·) U. l;;'V 

J.::>0J v.L:." 
..). :>uu v.1 0:;' 
V.JVU U.lLU 
oj. )iJJ 0.,,ioJ 

".:> uJ V. l UJ 

0. :}uJ J.l.:.':; 
~ • .>.), 
.) • ".j) U. l .. ,i 

J. JuJ C'. l. '_ J 
..,' • ;>vu 

d • ./ ,J') c). ~, " 

".1 <.v 

CDOLANl CHA~~~L 
ECUIV. OIA. 

1~. 

o. j (5 
u. 3 75 
u.·H5 
0.'::' 7':> 
!.J.Y(5 
0.37;; 
0.:' ·f':; 
U.J7'J 
0.H5 
v. ':17':> 
u. J 7) 
u. j 1':> 
u • .:>7:> 
D.H':> 
oJ.:'I':> 
\J.j f'j 

0.':' IC.; 
0. j 7':> 
\J. j 75 
Q • .;> 15 
.;.,,1'.> 
J.n':> 
O • .>·h 
u • .J 7'..) 
U • .) 1':> 
u. j 1') 
J • .;) (" 
'oJ • ..J 7:. 
" • .;1/:> 
J. j 75 
J. J I'" 
J ..... (e> 

,) • .J /5 
,) ..... 7:, 
u • .) I") 
V. ~ 7':> 
v. J (J 

u. ~ ('J 

0. ';"('J 

". ~ 7 J 

IJ • .>('::> 
u • .; 7) 
J.':'l:J 
u ... 1:­

". ) (j 

LJ.Jh 
u. :> 1-:. 
V. J i-j 

U. :..10 
). :} 7:;. 

¥K::SSUF<E' LUCAL COOLANT CONDITIONS AT BURNOUT 
URUP PRESSURE VELOCITY SUBCQOlING 
PSI PSIA FT/SEC DEG F 

7.1') 
7.63 
7.44 
2..58 
2.48 
7.66 

1'+.46 
9.40 

2:".19 
t!. 't4 

b.12 
b.JO 
1.70 
1.75 
7.7<;. 
2.td 
i.,::>8 
.2.6-0 
3.41 
:; • .29 

15. db 
15.61 
1':i. :.6 
1'..>.1l 
IS.12 

7. 'iJ 
1.75 

i<:..:>:> 
15.0<'; 
21. il6 
7. :'>1 
d. 1 L 

J.j • (J;j 

'to 3.:' 

i".o,) 
i4 ..... 7 
24.:d. 
1.1 j 
;;.6<' 
ij. 7'. 

11.. I u 

.J.U.:' 
:>.d.J 
c.J] 

7. ( -+ 
7.40 
7. :.1 
I. d't 
v.hi 

i..". :;ll, 

95.14 
45.25 
95.00 
,:>5.63 
55.28 
56.03 
63.41 
37.44 
56.68 
55.87 
55.62. 
55.84 
:)5.67 
55. <:;0 
55.60 
5~.32 

'::>~.?2 

5S.53 
56.3)-
55.69 
56.37 
56.12 
5'-.>.11 
'-'t.. jZ 
56.30 
9,.62 
':15.38 
57.02 
50.70 
5ilo35 
5'::>.58 
':l:>.51 
:'4.7'7 
5':;.85 
50.27 
:;6.08 
';>(" u 7 
':i5.1:'> 
:>5. ':17 
':lc.u6 
52.70 
5:).0'1 
5':>. 7~ 
54. So8 
54.<;,7 
') 5.::'6 
')4.'>1 
'.>4.'>5 
::>.:>.00 
:;4.bJ 

30.22 
30.09 
JO.lL 
14.96 
14.87 
30.08 
45.07 
4':;.46 
;":)0.21 
30.56 
30.57 

~
o. 7 

j • 15 
- .46 
30.4.':1 
14.88 
14.87 
15.26 
15.38 
30.09 
45.83 
45.74 
4S.96 
45.64 
45.73 
n.20 
30.34 
2'1.85 
4'. <j!;. 

45.49 
29.99 
29.81 
h.5t! 
14.74 
4S.55 
4'} .82 
4'>.56 
30.05 
2'1.9'} 
29.91:> 
2').32 
14.31> 
14. <:;5 
jO.:iO 
jQ. 5 7 
JO.:;5 
30.60 
3lJ. j!O> 
jO.40 
30.;' (, 

111.02 
119.21 
113.38 
H7.20 
109.S2 
109.57 
46.89 
20.61 
36.38 

114.01 
100.57 
90.40 
81.09 
13.42 
64.87 
'H.OS 
83.30 
76.43 
63.02 

113 .44 
90.79 
82.35 
74.90 
69.43 
61.61 

128.79 
118.44 
110.38 
93.a7 
29.00 
St.4) 
47.57 
22.09 
36.65 
64.48 
55.7':; 
25.60 
52.70 
45.20 
45.'10 
19.73 
62.06 
46.75 

104.94 
qt;.32 
92.47 
87.35 

116.01 
41.94 
7:0.09 

CRITICAL 
HEAT FLUX 

106 BTU/HR-SOfT 

3.341 
3.600 
3.355 
2.416 
2.203 
3.083 
2.210 
Z.210 
1.507 
3.292 
3.073 
2.842 
2.614 
2.414 
2.203 
2.025 
1.840 
1.667 
1.492 
3.312 
3.555 
3.308 
3.080 
2.842 
2.615 
3.587 
3.344 
3.080 
3.586 
2.209 
t. 8 32 
1.652 
1.487 
1.195 
2.428 
2.1% 
2.014 
1.663 
1.562 
1.465 
1.337 
1.327 
1.192 
3.311 
3.051 
2.970 
3.028 
3.319 
1.643 
1.485 

CC"IMENTS 

3) 

31 
31 
31 
31 
3) 

31 
31 

11 

&1 
11 
31 
31 
3 1 
31 
31 

" 31 
31 
51 

11 
21 



TABU? B-1 I CONTINUED I 
CRITICAL hE:AT FLUX DATA 

STAINLE~S ~T~EL -LIGHT WATER SAVANNAH RIVER lABORATORY 

RUN HEATER CGJlANT CHANNEL PRESSURE LOCAL COUlANT CONDITIONS AT BURNOUT CRITICAl COMMENTS 
NUMaER lU L;:NG-TH DI A. TriLl-I<.. "QLJIII. OIA. DROP PRESSURE liELOCITY SUSCOOLlNG HEAT FLUX 

IN. IN. IN. IN. PSI PSIA FT/SEe DEG F 106 BTU/HR-SOFT 

919 017 L4.0 0.500 0.121..1 U. j 7~ 1::..62 55. ':t3 46.13 92.72 3.562 
9LQ 1)17 £'t.D (J.~(jJ u.1~v v03 7;; 13.':<0 55.83 45.30 54.49 2.394 
9LI on 2't.o 0.500 (j.LLD O.Jh 19.86 55.25 45.08 31.99 2.201 21 
9iL i)lS ~4.0 J.5U0 0.12li Q. j is 8 • .B 57.47 30.28 92.25 3.132 
91.3 DIJ L4.u 0.5UJ v.l':\) u.,j15 11.04 53.44 29.56 18.99 1.370 21 
9L' DlU 24.0 0.500 O.lLl.! O. j 7':> tl.34 55.29 30.19 91.04 3.116 
9L' Lllci ':'t.0 u.5u ... u.120 Ud77 dol4 55.48 30.10 95.18 3.116 
9,0 Uld L4.0 0.500 (J.ua ud1::. 9.6:j 55.1d 29.74 37.58 1.611 II 
n.1 Old 2't.0 0.500 O.l'::u O. ~ 75 15.12 'H.03 29.67 14.54 1.526 2) 

9":/j DIB 2't.0 u.5uLJ v.,2LJ 0.37S 8.30 55.14 30 • .27 96.75 3.145 
929 Lllu i4.0 u.::'00 O.1<:U 0.3 1::' B.14 56.87 30.33 86.98 2.864 
SU0 01' 2't.(.) O.::'Ov 0.120 v.,j7':.> <;.6j 56.06 30.23 37.73 1.687 II 
'Hl Lid .0 ..... ,; v.:'>Ou (.. l "'''' 'J • .) f':> 14.14 'A.27 29.97 14.89 1.534 21 
';2 D ib 24.0 0.500 0.1.::0 0.J7':J 8039 55.&9 30.34 98.77 3.110 
~,jj lJltl L':'.0 .,;.5LJu l.'. I...i:(; iJ.j7'j L4.67 46 • .29 44.97 13.39 2.056 21 
9,4 Dlo L4.0 0.~()0 0.,<.v O. ;.1'5 24.6"1 54.iS 46.07 21.01 2.263 11 
93':.> 010 L4.u 0.':.>00 O.lLO 0.j1':.> '.1. L<: 54.70 29.60 37.7/j 1.703 11 
930 010 .04.0 v.':.>uoJ 0.120 (,. ) (':.> 10.79 ':>0.03 ':9.17 8.71 1.539 21 

.... 9;7 01, ~4.0 0.50J U.,<.O 0.37':. 3."8 55.55 14.48 53.2't 1.382 31 

0 93d DI9 L'i.u Ll.5uv v.12" u.~ l':.> /j. <::5 56.91 30.34 106.45 3.395 
',9 Ill" L4.u 0.':.>00..1 v.l"u iJ.J75 0011 55.54 JO.35 96.1'1 3.159 
940 0" L't.O 0.':.>00 O.lLO 0.37:> 9.62 54.91 30.00 36.70 1.699 I 11 
941 D19 L4.v 0.':.>0.; ". ,'::v u • .:l'1,:> 8.20 56.0/j 30.35 98.28 3.152 
94, 01'1 L4.u 0.500 0.1.20 O. J 1':.> 3.43 55.75 15.12 62.64 1.692 
9", Di9 ':4.0 O.jOO o .iLO 0.315 1>.24 57.92 30.38 110.92 3.148 31 
94. 01') .::-..0 .).;.,u',) (J.12u 0.;.15 7.66 98.29 L9.30 55.48 2.074 31 ,., 019 0::4.0 0.50u 0.1,:::0 v.31':> 7.26 30.83 29.65 60.16 2.072 31 
,.6 IH.,. 2't.u 0.':.>0\.1 .;.1.:::0 O. J 75 8.64 ,,0.65 30.13 37.33 1.872 31 
947 0" .::'t.'" O.)U,.) v.L::"; 0.H5 <j.47 30.8':> 30.35 29.23 1.674 31 
948 vLO i't.O 0.::.00 o.uo O. J 75 7.90 56.86 30.46 116.55 3.'352 
949 D", ~'t.IJ u.::>ulj u.12'u J.Jh 7."10 ':> 7.29 30.46 109.85 3.100 
9'0 OLD ~'t.D O. ,00 O.l",D O. j 75 7016 29.85 30.11 11.81 2.198 
951 DLV L't.O 0.':>00 0.12.0 0 •. 175 7.02 30.14 29.80 64.57 2.009 
95< <.Iiv ,-:4. oJ v.:>Uv v.12<": O. -, 1~ 7.02 30.14 29.95 54.47 1.823 
<;153 0<0 .:!4.(J v.5U0 o.,.::v 0 • .)15 10.60 Jl.06 29.64 26.80 1.654 ( II 
954 I.JLU .:4.v 0.S;JJ v.1'::0 0.;.15 7.':.>0 44.27 )0.40 95.06 3.089 
95::. D2u '::4.0 .... :..01..1 v.!",V ... .)1':> 2.45 .:: Si. 85 15.29 88.24 1.834 
956 OLO .::4.0 O. ~J0 J.1.::0 J. j 7S i!.:H 29.84 15.29 76.79 1.660 
957 O..:'u Lit.'; u.::.O'" u.12u 0.315 ;:. '~~ 29.3:. 1 s. 28 68.42 1.485 
':015 b " <v .04.0 u. suu 0. L:!u 0 • .;;''> ;-:. t.O 30.05 15.10 59~81 1.339 ,>; D,O ..:4.0 O.sOu o.ua 0.Ho. 3.<t3 56.36 14.86 64.04 1.350 
960 ~'U .04.0 O.50U IJ.L::i.J ud7S 7.<tb ':> '1.17 14.23 119.00 3.082 

961 \J LV ~4.u 0.500 u. i LtJ 0 • .'11':> n.d,!. ':> 7.53 30.10 82.26 2.218 

962 uiO 2"0.0 ,). ::.uu v.l "'0 J. J 7':> 1 I.;. 1 51. b4 30.06 63.43 1.831 

963 v'v i't.U u.;,0", u. 1 L,.) J.,j 7':> lu. '1 1, 5(',.04 '::9.90 56.68 1.660 
904 J20 L4.0 0.')0,) J.UO 0.31:;0 7.26 5L.Q2 2':i.75 24.05 1 .. 50 1 21 
90, u,v ,c"O'U .J. '.>.Jv v.12\, oJ. ;./<:> 1>.97 3::'.1.)0 29. !>4 22.48 1.501 21 
900 c,,,,U 2.4.0 I). ,:>00 (".1 <. Co J":'7::. 6.iJ7 31. U 29.<19 60.35 1.519 61 
967 Jil L"t ... .1 J.::>uiJ J.ILJ v.;. 7'> <>.,j';r ':J 7. 15 30.413 IH..28 3.316 41 
900 1).::1 , ......... ".:.>U .... 0.i.,:" u.;; 7:.. 7.0:;! 57.5b 30.13 112.00 3.058 41 



... ..... 

TA8L~ b-l (CUNTINUEO) 
CRlrlCAl H~AT FLUx GAIA 

STAl~LlSS Sr~EL -LIGhT WATER SAVA~~AH RIVfQ LABORATORY 

Rue. 
NUMb;:;" lu 

MeA Tu, 
Lb~[,TH 1.",.\. 1 HI c.". 

,", 
970 
'ill 
91£ 
'H3 
91't 
9" 
'/0 
;/1 ,7, 
," 
,'" 
,.1 
9be 
So",.;) 

;" 
90:> 

;" ,,, 
>0, 
9b .. 
':iy", 

" 1 

'" 9" 
9>4 
,9' 
'"" 'i'l1 

"" 99, 
1 

, 

'0 
11 

" 1~ .­
l' 
'0 
17 
10 

" 

/II;. 1: •• IN. 

G~l i~.J 0.~0J ~.120 

~Ll ~4.U U.~OU 0.L,0 
Dil i~.O U.~OO U.1LJ 
ULL L4.~ U.~0v J.i~v 

u,l i4.u 0.500 u.l L O 
~Ll L~.U J.~Ou V.LLV 

OLl £4.0 u.SuJ J.iLV 

Dil 2~.J J.SUO J.lLC 
~iL L~.U J.'vu v.iiv 
Wi! i~.J u.500 0.12u 
Vil £4.0 0.:>00 v.liJ 
ViI L~.U v.~UJ 0.120 
Vii L~.J U.~UU J.LLy 
eLl L~.U J.?UU V.ILU 
~Ll 24 ..... u.~vu V.li'" 
~il L4.0 0.:>00 O.ILv 
Oil £4.0 u.~vv 0.1LV 

oJ,! L4.0 J.:>UU J.liU 
U,l 24.0..1 0.;.00 0.120 
0'1 L4.v V'~UV ..... 12 .... 
LLL 24.U J.~JO O.lLO 
uli L~.v v.SUJ U.l,J 
·]£L ~~.v J.~Jv v.l,,,, 
,Ill oJ.JOD J.i,O 
U2L ~~.V u.~vu ".l~J 

,-,,-1 :::'4.U J.50U U.L"-O 
u,,-1 .:4.0 0.~0J J.lLJ 
0"-1 .:~.u J.~Jv 0.1~v 

U"-L ~4.J O.~UU 0.1~O 

0il ~~.V v.~UJ J.L~J 

u~l ~ •• J v.jGu ~.1~0 
U~~ ~ •• u J.~oa u.i~O 
ULL ~ •• 0 0.,00 v.1Lv 
u"-.: L4.0 0.~VJ J.1~v 

U~~ l •• 0 0.,00 C.L~J 
U~~ L1.V v.~Uv v.1Lv 
"'lL ~-t.v 0.5u0 0.L"-U 
ULl :::' •• 0 u.~~J .1.12u 
vLL ~ •• v u.jU0 y.lLV 

ULL ,-t.U 0.,0·) J.1L0 
:...":.: ~-..u U"vJ 
J~L L4.J J.~v0 J.LLa 

U2l l-t.v J.~J: J.L~J 

JL~ i4.v v.JvJ u.l~u 

u"-, 24.v J.~JV J.lLv 
vlJ i-t.... U.?JJ J.L70 
~2, L-t.v u.Juv ~.lLU 

02) 24.J J.,00 0.120 
UL~ i-..J J.'uJ u.1LJ 
ULJ <:A.O v.JUt) u.12v 

CLJ[)LANT CH .. NNcl 
t:..,UIV. CIA. 

P •• 

(j. J 7, 
O. ~ 1';> 
u. j 7') 
J.:) (~ 
J. J '') 
W.,j 7j 
O.viS 
J. J 75 
u. J 1~ 

() • .J {'j 

0. J (';> 
u oJ75 
().37~ 

0.3(':> 
u. j 7':. 
I) • .) 7, 
iJ.;, 7~ 
0.J 1:' 
V. J 75 
0. :l/5 
'; • .:1 I'::> 
0 • .J10 
u.j7'.; 
,).37:> 
J.-,7~ 

0. J-I') 

J. ; 7:. 
U 0) IS 
U. 3 7~ 
U. j 1·~ 
']..)1') 

O.ji~ 

v. j E, 
I).;l (j 
0 • .1 lj 
v.31':> 
O • .1 7'.> 
u • .)7~ 
u. ~-,'.> 
J. j 1..> 
u. j 7..> 
'J. ~ 1':; 
O • ..iT';> 
U • ..> I';> 
U.j7:> 
",.:>/';; 
'.J .,;,f j 

U • ..> 7:.-
0 • .;>1";> 

U.;l 15 

Pr\ES~URt 

LoROp 
PSI 

1.7S 
".10 
7.a0 
7.'15 

12.07 
2.65 
2.'::>5 
2.65 
2.65 
3.43 
.:I. 7 'J 

1.0':> 
14. I:> ( 
14. ",-1 
14.1;;7 
1 ... 6 r 
1';." '" 
3.2" 
j • .:s4 
J.'>3 
3.1'; 
;l.43 
3.29 
"1.'10 
7.3<> 
7 .~ 1 

1 j. j 1 
L.bO 
L.'10 
J.J4 
7.1-1,) 
-, • d;J 

I.n 
16. 'jj 
14. 'i tj 
I. lu 
& .03 
". 72 

1/.i7 
7.LJ 
2:.3:> 
L.dQ 
..>.<:tj 

"'. lu 
1 1.30 

7.51 
0.44 

j~.:'b 

7.90 
L. 'il;, 

LOCAL CUOLANT CCtJDITIONS AT 9\JQr-,OUT 
ppESSI.,;<.[ nLOCITY SUflCOOLING 

PSIA FT/SEC nEG F 

';, 7.37 
57.40 
5-/.30 
56.71 
';,';>.00 
57.5ci 
56.71 
:"0.98 
56.'18 
5!l.46 
58. 3~ 
57.43 
57.99 
'J 7. '>9 
51.25 
~7. 06 
~l.j'j 

'::> I .5~ 
5b.14 
56.28 
.JO.'<:5 
27.40 
il.lZ 
77.':>4 
':> -'.68 
57.46 
4".26 
30.UO 
.010.42 
'I,l. If. 
'..>7.56 
j 7.74 
,;>'.43 
56.06 
57. <0-1 
'>7.26 
5';;.7oj 
51:>.21 
')2.. -'1 
57.26 
') 7. i.l~ 
5 I. SO 
59.23 
:J 7. ~2 
5b.33 
'J -'.41 
:'6.07 
::'9.10 
'j -,. L;l 
~7. i13 

30.14 
30.14 
30.B 
30.23 
24.90 
15. 16 
15.08 
15.16 
1 ~. 15 
14.87 
15.25 
30.11 
45.71 
45.!:I~ 

45.81 
45.5;:' 
4:;.46 
15.03 
14.94 
14. tiS 
i4.b5 
14. c't 
14.11<; 
30. if) 
30.13 
30.11 
~'I.95 

15. 14 
15.13 
14. <;7 

2...-..97 
30.56 
30.4; 
't5.00 
45. :"// 
.1 0.1 f.; 
30. 16 
2'-1. c," 
... U.02 
30.j4 
1':>.26 
/.4.92 
14.64 
30.04 
30.11 
2: '-1. 93 
~9.92 

45>.60 
30.04 
14.91 

106.63 
124.00 
58.00 
49.34 
23.97 

12';;.9b 
11 5.36 
10'J.05 

'J3.58 
81.29 
69.61 

121.1'> 
63.B 
-':>6.50 
4'-1. 5~ 
30.~3 
51.57 
85.73 
73 .80 
60.1<: 
81.45 
66.22 
65>.56 

129.6'1 
66.5 d 
5CJ .Nl 
16.:;4 
94.57 
1l3.21 
71.!>9 

142.12 
<-''1.2'-
00.49 
37.31 
53.27 

102.4'> 
46.22 
37.49 
1l:l.44 

103.01 
lO~.34 

76.'17 
1,2.05 
96 • .10 
SO.50 
47. j'> 
36.'>4 
42.25 
4B.21 
49.72 

CRITICAL 
HlCAT FLUX 

106 8T IJ/HR-SOf'T 

2.831 
3.310 
1.818 
1.652: 
1.483 
2.190 
2.005 
1.322 
1.63;] 
1.480 
1.334 
3.060 
2.390 
2.194 
2.007 
1.449 
1.82:2 
1.41l5 
1.32 fl 
1. lIll 
1.4(10 
1.318 
1.174 
3.060 
1.814 
1.647 
1.'+83 
1.472 
1.31'3 
1.1 '4 
3.044 
3.060 
2.840 
2.41<:' 
;;0. h14 

1.071 
1. "22 
1.6::'2 
1. ;,94 
3.067 
2.207 
2.020 
1.485 
3.087 
2.860 
l.fl32 
1. (,65 
2.421 
3.083 
2.216 

C n •• q'jf:~, T S 

41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
'.1 
4) 

41 
'd 
'd 
4) 

41 
41 
41 
41 
4) 

41 

III 

1I 
2) 

11 
1I 



TAblE 8-1 (CliNTINUEDI 
CRITItAl HEAT FLUX DATA 

STAI~lE5S ~rE~l -lIGHT WATER SAVA ... NAH RIVER LA80RATr)RY 

"UN HtA TEf<. LLJulANT ChAI\,NtL PFE:SSUkE lOCAL COOLANT CONDITIONS n BURNUUT CRITICAL CO~~ENTS 

liUMc,;k IU Lc."'Ij~TH OtA. Trll Ct< • t~uJV. OlA. UkllP PkE~SURE VElOClTY SUBconLI NG HEAT flUX 
jf\j. I,~ • IN. IN. pSI 1>5IA FT/SEe OEG F 106BTU/HR-SQFT 

'u J', L4.u U. 'lua Doi.::oJ Od 75 2..10 5b.S8 l4.73 13.30 1.656 
d [)L.) L4.0 0.500 0.1.::0 0.315 15.8':> 5d.07 45.58 80.57 3.353 
U 0.2.3 '::4.lI u.50u u ... 2.u 1l.J7':> 15. "tl 5 7.94 45.54 65.70 2.862 .... d l!'::J <:4.0 0.50..:J 0.1.2.0 0.315 15.10 58.02 45.60 58.54 2.632 

N " UV '::4.0 0.5U;) lI.1..::u U. j 75 15.95 57.18 45.13 46.'tU £.414 " " uz, L4.lI u.5uJ (J.I':::v u.315 It'-~ '>8 58.34 45.10 34.56 2.209 11 ,. DLJ £4.0 0.500 0.120 0 • .:1 7':> 7.71 54.93 ~O. 15 48.04 1.832 
21 0'::':> L4.0 0.500 V.12Li v...--j 75 b.44 ':> 7. 'j 7 jO.23 40.41 1.665 1I 
La 0,0 2.4.0 0.5000.UO o.~ 7":> 10.56 55.66 30.08 22.03 1.494 5l 
£9 u2~ ~4.0 O.50J 001.:::0 0.37';> 2.61 51.58 15.02 12 .95 1.660 
3u U4~ L'+.u U.5IJU oJ.iZl) 0.375 L.61 57.62 14.72 66.55 1.494 
31 Do ~4.0 1l.50u lI.UO 0.375 8.L5 57.33 30.26 104.54 3.096 , 31 



TALlU: 3-;': 
CU T I CAL HE.4T FLUX DATA 

ST~INLESS Sr~~l -LIGHT wATER ClJllMfiIA UNIVEQ.SIh 

RUN hell. Ttl{ CLiJLA<'JT lHANM:L pf<f;SSUr(E LUCAL COOLANT CDNDITIONS AT f:lUfi NOUT CIl r TICAL C.UMMENTS 
,IjUMotf{ Iu L t,,\j:; T H D I A. Trld .. K. 1:\,.)011/. OIA. IjKUP f-kf::SSURE II lUX ITY SUBCOOlING HEAT FLUX 

UII. IN. IN. IN. PSI PSIA FT/SEC OEG F 106 RTU/HR.-SOFT 

;.> iJ 24.0 u. f'Ju u.',J.<u U.JUU ,l2.(JU 64.70 30.16 q8.28 2.2q5 41 
L,,," .<4,(.) .<.1.<:" I,j. 0 J • .j;:lL 11.00 1:>4.70 30.01 136.80 3.020 41 
1.0 .<4.0 L. L::' 0.0 O.:ui i 1. ~O o't.70 30.06 135.00 3.182 41 

I" " '<'t.u .:: 0 J. i':) lJ. 0 u.33.< 11. :;.0 64.70 2Y.90 82.80 2.464 41 ,., S 24.0 L.l.::~ U.O U.J3L 11. :10 64.70 30.01 13e.60 3.251 41 
I., 5 '::'1'.0 L.lL~ V.V O.::UL 10. :'0 64.70 30.01 ql.80 2.412 41 

'" L4.0 L.i.:::> 0.0 0.;;'3.:: 11. ')U 64.10 30.01 135.00 3.128 41 
145 S .:>1-.0 L.U':> (;.0 o.~ :I':: 12.00 64.10 30.01 79.20 2.077 41 
14b 5 .:''1'00 L.lLS V.V v.3JL li.50 64.10 30.01 19.20 2.083 41 
14( S ":'1'.1..1 LolLS u.v 0.3jL L.1.5J tl4.70 2'>.85 140.40 2.803 41 
l40 5 L"'u ~.LL!:> O. (; O • .;.::.,,: lQ.tW M.l0 d.90 144.00 2.779 41 
14; L't.;'; 2.i.:') 0.3.1.0 1~.'Ju 04.70 30.01 135.00 3.616 
1 S';" ':4. U io1o::::' O.U O.J;>L 11.50 64.70 30.01 82.80 2.416 
1>1 L't.O L.l.::5 J.ll 0.35.:: 1~.50 64.70 jO.01 138.60 3.605 

'" L'1'.U 2.1~:> v.J 0.33i 1".00 64.70 jO.Ol 02.80 2.417 
1 ;'3 L4.0 L.1LS 1..1.0 Vo J3.:: ".,.50 64.10 44.99 19.20 3.112 
1'- L ... 0 L. U~ u.v v.3JL 2'hU:" 64.10 44.99 Bl.OO 3.155 
l5, .::4.1..1 L.li:> u.u u. ::IJ.! 1<::.30 1>4.70 30.01 135.00 3.773 
l50 '::'1',l.l L.ILS O.Ll O.3j",: U.:.O &4.70 30.01 :'4.00 1.787 
1>7 L't."; L.J..::5 v.v G • .:IJ': 25. j0 64.70 "t4.40 5q.40 2.605 
15<:; i"t.v .::.ll;' O.U 0.JJ2 i -;.. ':>0 64.70 14.82 &2.80 1.728 ... I» r .0..-.0 ,:;ol.:S V.O O. jJi 16.00 t.4.10 15.09 48'.60 1.336 

'" IbJ T ~ ... U .::.12" V.U LI.,,':;',:; h.OU 64.7() 1 :... 03 01.00 1.759 
hi r L4.0 £oi25 V.U 0 • .J.o\L 10.01..1 04.10 15.00 54.00 1.480 
162 T i--t.O .::.12:' J.u 0. J .12- 11 •• ~0 U't. -(0 30.01 54.00 1.81B 
103 r L ... " L.U:' ~.0 v. J.1i <::>.~0 64.10 t.,to 9<, 55.dO 2.421 
Ib4 r L't.u 2.1Lj 0.0 O. j JL lo.\Jv ",4.70 ::"4.99 '>2.l_0 2.380 

1b' i't.J 2.1"::' \l.u J.el3':: ll.{;v 04.10 JJ.01 13tl.60 3.124 
100 .::''t.u L012S 0.0 o.jJ~ '::5.00 64.70 44.45 106.00 3.814 
107 '::4.1) 2.~~" 0.0 Q. ,;:,j.:! 24.00 (,<t. la 44.9'1 111.60 3.931 
Loci <''-t.U .: .1~:J u.v u.!I~.:: £'t. uJ t>4.10 14. ':15 135.00 2.362 
169 L'1'.0 .::'.1 L? G.v 0.)3", 2't .10 64.70 h.!;2 U4.20 2.216 31 
17' '::: ... 0 <' .12 ':. u. U U • .;:.jL :>.':>0 64. To 15.00 135.00 2.372 31 
171 L ... 0 .0 .i'!'::. V.v vd32 11.50 (,4. I() LY.90 135.00 3.3B9 31 
17J .::4.0 '::.lh 0.0 O.,j}.: 7.::>0 Lo' •• 70 14. ? 8 41.40 1.HO 11 
174 L'1"u .: .1~:> u.:'jL 7 ..... '0 64.70 14. ':>6 61.20 1. e 52 

", L't.0 .:: .1.: ') C.J O • .:>J':: -'t.00 u4.70 1 'to 5(> 82060 2.029 
170 .::4.0 L.l "':> u. J u.ni 1i.:>0 64.70 29.14 136.J0 3.073 41 
17t L't • ..; ':.U:.. 1..1.0 I).J;'.::' 11. ,,0 tA.70 29.2'1 136.80 3.143 41 
i "fd .::'4.1) .::.i":> u.O U.J;'i 1].. S0 64.70 29.31' 90.00 2.718 41 
IH .::'t.0 i.U5 0.;'jL I'!'. 'JV 1.-4.70 29. 17 142.20 3.400 41 
100 L..-.u 2. J."':" 0.'" U.j~':: 11.00 tA.70 2q. 2 7 tl4.60 1.892 41 
1 til .0'1'.1) L.IL:> 0.0 0.332 10.5,) 64.70 .i:'J.22 90.00 1.852 41 
LL'-t '::4. \J I). (jJ u.O o .-"J ... 1 o. :"J 64.10 ::"0.08 1 0<3.1 d 3.062 
u,'; , ":4. J 0. 1'-'0 0.0 U • ..>0", ::;7.50 64.70 45.46 111.96 3.652 

"'0 A L ... O J.7'JO 0.0 O • .jV<> :'<:1.50 64.10 45.46 108.18 3.665 
ill .::..-.J J.7'Ju v .... U • .;:.Ub 0.':>0 64.10 1 ':1.52 106.56 2.311 
nd x i4.1j ..;./50 0.0 0.)00 6.00 64.10 14.86 106.20 2.333 

L'<'i L'1"O O. (':1(; u.0 '.1 • ..Ivb 16. ,0 ,,4.70 3U.16 104.94 3.06q 

',C L ... v 0.1Su ...-.J 0. ~)d tl.G 64.70 30.16 qo.OO 2.362 



TABL E 1;-2 'CONT INUEO) 
CRITICAL HEAT FlU~ DATA 

STAINL~SS STEtL -LIGHT WATEK C.OlUMbIA UNIVEFiSITY 

RUN Jii; .. H:t<. CLLJlANf CHf..NNf::l PRESSURE: lGC.AL COULANT CONDITIONS AT BURNOUT CRITICA.l COMMENTS 
NUI4tH:R 10 li;~GTH lllA. TI1ICK. E l.iu I V. LIlA. [)KG~ PI<..FSSURE IJ!:lOCITY SUBCQOllNG HEAT flUX 

IN. I". IN. IN. PSI PSIA FT/SEC OEG F lO6STU/HR-SQFT 

... i.H 24.u v.7.;>O U4U v.3Ub 14.00 04.70 30.08 84.96 2.248 ... ,32 L4.0 O.1?u 0.0 O.JOb 15.50 64.10 15.08 7<;1.92 2.007 
2.H , c ... u U'/:JU U.v 0 • .10& 15.00 6 ... 70 30.23 96.48 2.009 61 
b4 l L".IJ u.75 v u.v v.308 16.00 64.70 .30.23 86.40 2.304 
.l:j!) L .1: ... 0 a.ISO 0.0 0 • .108 211.00 64.70 44.42 110.88 2.509 6' 
.l:H L C".U J.7'::tD U.U 0.30d 3.1..00 04.7» 44.42 81.72 3.413 
237 l 24.0 0.75u D.u 0.3Dd 31.50 '64.70 45.46 80.64 3.382 
VS L L4.0 0.751..1 0.1..1 O • .108 14.50 64.70 30.0S 80.64 2.650 
239 L 2 .... u U .1'::>0.1 v.v 0.30b 14.8U 64.70 15.52 80.64 1.888 
<40 l .I: ... u 0.750 u.v 0.308 15.30 64.70 15.37 B.64 1.490 ,.1 l L4.i.I iJ.7!)(, V.U U.J\J8 17.00 64.70 30.30 46.98 1.818 



TABLE B-3 
CRITICAL HEAT FLUX DATA 

STAINLESS STEEL -LIGHT WATER SAVANNAH RIVER LABORATORY 

RU' HEATER COOLANT CHANNEL PRESSURE LOCAL COOl.ANT CONDITIONS AT BURNOUT CRITICAL COMMENT S 
~U"'t)ER I [) LENGTH DIA. THICK. EQUIV. DIA. DROp PRESSURE VELOCITY SU8COOLING HEAT FLUX 

IN. IN. IN. IN. PSI PSIA FT ISEC DEG F lO6 8 TU/HR-SQFT 

lO 0.0 2.050 O.U 0.-,+-'+0 -'+.31 55.62 27.46 73.51 2.142 
II 0.0 2.050 0.0 0.440 3.96 55.25 27.22 75.38 2.146 
lL 0.0 2.050 0.0 0.-'t40 3.9-'t 54.37 27.23 90.38 2.464 
U O.U 2.051..1 0.0 0.440 4.08 54.37 27.12 77 .00 2.146 
l4 0.0 ".050 0.0 0.440 4.87 57.00 26.44 62.32 1.849 

" 0.0 2.050 0.0 0.440 8.51 56.63 27.06 40.14 1.462 , 11 
lo 0.0 2.050 0.0 0.440 8.31 52.75 32.73 106.92 2.993 
17 0.0 2.050 0.0 0.440 6.57 57.00 33.97 65.09 1.976 
18 0.0 2.05U 0.0 0.440 5.68 52.87 34.02 77.49 2.290 
19 O.U 2.050 0.0 0.440 5.56 53.00 34.04 92.41 2.797 
20 0.0 2.050 0.0 0.440 7.45 52.75 34.05 110.00 2.965 
Jj 0.0 2.u50 0.0 0.440 6.64 54.50 33.84 62.84 2.155 

" 0.0 o:!:050 0.0 0.440 7.55 56.50 32.11 75.91 2.605 
,6 O.u 2.050 0.0 0.4-'+0 7.33 53.50 31.62 93.55 3.098 
;7 0.0 2.050 0.0 0.440 1.16 54.00 31.41 'H.60 3.188 

•• 0.0 2.050 0.0 0.440 8.09 54.75 33.50 62.48 2.383 

'9 0.0 l.050 0.0 0.440 9.08 54.13 33.41 50.29 2.169 
40 0.0 2.050 0.0 0 .. 440 19.43 46.15 30.88 13.93 1.966 [I 

41 0.0 2.0~0 0 .. 0 0.440 7.58 52.25 32.47 102.49 3.317 
4l O.V 2.050 0.0 0.440 24.60 56.00 42 .. 65 16.22 2.383 [I 

.- 0.0 2.050 0.0 0.440 14.96 54.75 46.11 56.66 2.621 
45 0.0 l.050 0.0 0.440 16.29 55.50 46.67 61.40 3.119 

.". 
4. 0.0 2.050 0.0 0.440 16.38 53.25 46.13 71.92 3.667 

tn 47 0.0 2.050 0 .. 0 0.440 16.29 53.50 46.53 80.77 3.798 

4' 0.0 2.050 0.0 0.440 17.78 56.00 46.43 44.82 2.633 [I 

49 0.0 2,.050 0.0 0 .. 440 11.79 57.12 46.67 51.70 2.318 
50 0.0 2.05u 0.0 0 .. 440 18.51 51.86 39.56 31.99 2.185 II 
5l 0.0 2.050 0.0 0.440 8.66 57 .. 62 32.10 68.65 2.630 
5l 0.0 2.050 0.0 0.440 8.66 54.50 32 .. 11 86.24 3.116 
53 U.O 2.050 O.Ll 0.440 2.41 53.25 16.65 124.29 2 .. 660 

" 0.0 2.050 0.0 0.440 3.0e 51.25 17.99 75.60 1.946 
55 0.0 2.050 0.0 0.440 3.81 54.13 17.01 51.62 3.355 

" 0.0 2.050 0.0 0.440 5.34 50.12 16 .. 12 27.56 1 .. 402 II 
57 0.0 2.050 0.0 0.440 5.76 54.13 16 .. 87 24.61 1.314 II 
58 0 .. 0 2.050 0.0 0.440 3.30 53.25 17.71 66.83 1 .. 957 
59 0.0 l.050 0.0 0 .. 440 2.83 54.25 17.13 89.15 2.153 

.0 0.0 2.050 0.0 0.440 8.86 55.62 33.49 55.55 2.362 

8l 0.0 2 .. 050 0.0 0.440 6.84 505.00 33.88 81.90 2.848 
62 0.0 2.050 0.0 0.-,+40 6.42 55 .. 12 34.09 104.27 3.379 
63 0.0 2.0~0 0.0 0.-,+40 7.16 55 .. 25 31.73 74 .. 61 2.603 

6' 0.0 2.050 0.0 0.440 6.69 56.63 31 .. 90 75.80 2.601 

6' 0.0 2.050 0.0 0.440 7.11 68.50 31.32 71..23 2.5qz 

66 U.O 2 .. 050 0.0 0 .. 440 7.26 52.87 32.11 72.58 2.581 

67 O.U 2.0~O 0.0 0.440 7.31 52.25 31.80 70.96 2.597 

68 0.0 2.050 0 .. 0 0.440 7.16 53.75 31.26 74 .. 32 2.662 

.9 0.0 2.0'lLl 0.0 0.440 2.~6 46.12 15.55 70.67 1.160 

70 0.0 2.050 0.0 0.440 3.27 55.50 16.41 63.04 1.746 

7l 0.0 2.050 0 .. 0 0.440 3.05 53.50 16.26 66.47 1.807 

72 0.0 2.U'l0 0.0 0 .. 440 3.22 54.75 16.11 65.47 1 .. 784 

73 0.0 2.050 0.0 0.440 ".41 53.50 15.15 75.37 1.804 



TASLE S-3 I CONTINUED. 
CRITICAL HEAT FLUX OATA 

STAINLESS STEEL -LIGHT WATER SAVANNAH RIVER LABORATORY 

RUN HEATER COOLANT CHANNEL PRESSURE LOCAL COOLANT CONDITIONS AT BURNOUT CR lTICAL COMMENTS 
NUMBER 10 LENGTH DlAa THICK .. EQUIV. CIA. DROP PRESSURE VElOC ITY SUBCOOllNG HEAT flUX 

IN. IN. IN. IN. PSI PSIA FT/SEC DEG F lO6BTU/HR-SQFT 

,. 0.0 2.050 OaO 0.440 2.66 56.12 16.18 12a29 1.818 
1> 0.0 2a050 OaO 0.440 2.66 55.81 16.30 78.05 1.946 
1. 0.0 2 a050 0.0 0.440 2.46 54.37 16a49 93.58 2.191 
11 0.0 2.050 OaO 0.440 2.29 54a13 16.57 106.18 2.414 
18 0.0 2.050 0.0 0.4ltO 2.29 53 .. 50 16.42 119.70 2.64'" 
19 0.0 2.050 OaO 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 1.766 

112 0.0 2.050 0.0 0.4ltO 6.99 50.50 36.63 112.61 3.359 
113 0.0 2.050 0.0 0.440 7.31 54.13 29.74 95.31 2.713 
114 0.0 2.050 0.0 0.440 1 .. 36 52.25 29.61 96.52 2.804 
115 0.0 2.050 0.0 0.440 7.11 54.31 29.30 69.52 2.266 
11. 0.0 2.050 0.0 0.440 8.29 56.50 29.63 67.45 2.086 
111 0.0 2.Q50 0.0 0.440 1.58 49.87 27.09 104.92 2.970 
118 0.0 2.051) 0.0 0.4-40 5.90 57.88 13.92 18.04 1.224 1 1) 
119 0.0 2.050 0.0 0.440 3.57 50.50 14.83 70.94 1.629 
lld 0.0 2.050 0.0 0.440 1.33 54.13 28.93 49.11t 1.897 
140 0.0 2.050 0.0 0.440 2.83 52.95 16.30 71.35 1.198 
141 0.0 2.050 0.0 O.ltitO 2.53 53.86 16.25 96.39 2.200 
142 0.0 2.050 0.0 O.ltitO 2.31 53.10 16.46 129.31 2.673 
14' 0.0 2.050 0.0 0.440 2.53 53.87 16.33 104.18 2.21<\ ... W. 0.0 2.050 0.0 0.440 8.86 53.50 32.26 46.24 1.996 

0- 145 0.0 2.050 0.0 0.440 6.72 52:.81 31.50 81.20 2.687 
141 0.0 2.050 0.0 0.4ltO 6.47 53.37 30.97 81.81 2.646 
148 0.0 2.050 0.0 O.ltitO lit. 15 52.87 1t6.53 55.01 2.635 
149 0.0 2.050 0.0 0.4ltO lit. 10 53.41 46.00 60.10 2.669 
150 0.0 2.050 0.0 0.440 14.22 53.15 It6.21 11t.99 3.181 
1~1 0.0 2.050 OeO 0.4ltO 14.19 53.95 46.37 79.9<\ 3.280 
152 0.0 2.050 OeO 0.lt40 13.92 51t.16 46.39 92.lt5 3.679 
153 0.0 2.050 0.0 0.440 14.27 54.46 46.58 13.94 3.159 
1>4 0.0 2.050 0.0 0.lt40 g e89 55.63 30.32 55.19 2.005 
15> 0.0 2.050 0.0 0.4ltO 7.70 53.36 30.69 17.99 2.659 ". 0.0 2.050 0.0 0.4ltO 1.60 53.36 31.16 108.94 3.438 
151 0.0 2.050 0.0 0.440 1.65 53.58 30.98 79.13 le682 
158 0.0 2.050 0.0 0.lt40 3 .. 21 53.16 15.41 66.96 1.807 
l!i~ 0.0 2.050 0.0 0.440 2.88 54.31 15.13 90.54 2. 185 
lbO 0.0 2.050 0 .. 0 0.440 2.61 51.11 15.79 119.45 2.633 
1.1 0.0 2.050 0.0 0.440 2.76 53.00 15 .. 12 95.91t 2.214 
,.2 0.0 2.050 0.0 0.4ltO 2 .. 11 52.95 15.95 lO8e~1 2.413 .>; 0.0 2.050 0.0 0.4ltO 1t.2l 54.49 15.40 56e57 1 .. 584 
161 0.0 2.050 0.0 0.440 I1t.51 52.72 45.34 19.29 3.241 
1.' 0.0 2.050 0.0 0.lt40 llt.lt4 54.55 45.35 83.29 3.331 , .. 0.0 2.050 0.0 0.lt40 18.23 54.13 43 .. 83 40.05 2.083 1) 
110 0.0 2.050 0.0 0.440 19.02 53.31 41.58 44.68 2.232 11 
111 0.0 2.050 0.0 Oe4ltO Zl.00 58.11 43.73 41.Z3 2.389 
III 0.0 2.050 0.0 0.440 18.30 53.14 44.81t 50.04 2.592 
173 0.0 2.050 0.0 0.440 15.99 53.50 29. 06 16.38 1.634 1) 

114 0.0 2.050 0.0 0.440 11.51 56.98 29.93 5Z.49 2.0 lit 
175 0.0 2.050 0.0 0.440 6.14 51.25 15.50 18.16 1.294 1) 

116 0.0 2.050 0.0 0 .. 440 4.92 5Z.62 15.58 42.55 1.442 11 
111 0.0 2.050 0.0 0.lt40 4.38 53.30 15.54 5Z.60 1.559 



... 
" 

"UN 
NUMBER 10 

118 

TABLE 8-3 (CONTINUED) 
CRITICAL HEAT FLUX DATA 

STAINLESS STEEL -LIGHT WATER SAVANNAH RIVER LABORATORY 

HEATER 
lEN~TH OlA. THICK. 

IN. IN. IN. 

0.0 2.050 0.0 

COOLANT CHANNEL 
EQutV. DIA. 

IN. 

0 .. 440 

PRESSURE 
DROP 
PSI 

4.67 

LOCAL COOLANT CONDITIONS AT BURNOUT 
PRESSURE VELOCITY SUBCOOliNG 

PSU FT/SEe DEG F 

54.27 15.56 60.68 

CRITICAL 
HEAT FLUX 

l068TU/HR-SQFT 

1.616 

COMMENTS 



TABLE B-4 
CRITICAL HEAT fLUX DATA 

STAINLESS STEEL -HtAVY wATER SAVANNAH RIVER LABORATORY 

RUN HEATc.k LlJlJlANT CHANNEL PRESSURE LOCAL COOLANT CONDITIONS AT BUP NOUT CR [TICAL COMMENTS 
NUHdEH. ID Li;:/liGT Ii DIA. THICK. EQUIV. DIA. DROP pll:ESSURE VElDC lTV SUBCOOlI NG HFAT flUX 

IN. IN. IN. IN. PSI PS IA FT/SEC DEG F 106 BTU/HR-SQFT 

l.4.u 0.500 0.12(1 0.375 'i.63 55.62 31.60 130.50 5.166 , 2't-.0 O.SoO 0.120 0.37S 9.66 55.57 31.74 IJ8.28 5.202 
3 ,4.0 O.jO'; !J.LLO 0.375 9;12 ~b.64 31.33 125.26 4.770 

• 24.0 0.500 0.1,0 o. :;,75 ':1.6d 54.'.13 31.08 160.96 6.102 , L4.0 0.500 O.Il.0 o.:n~ 9.12 55.60 ::)1.95 113.63 4.392 

• .24.0 v.50u u.ll'" 0-375 9.61 54.16 30.80 177.32 6.102 
7 L4.0 O.~OO 0.120 0.375 9.2£ 54.34 30.98 158.40 5.616 
8 £ .... 0 (J.~OO O.LlO 0.~75 9.27 54.93 31.18 140.54 5.220 
9 4't-.O 0.5UO O.lLU 0.375 Ib.26 55.60 46.91 116.48 5.868 

10 24.0 0.500 001.20 0.375 9.'t-4 54.24 30.80 156.40 5.634 
II 2: .... 0 u.50u 0.120 Ll.37~ 9.63 54.59 30.21 171.46 6.480 
1, 24.0 0.500 o.L::O O.~15 9.16 54.39 30.58 156.24 6.030 
13 .:: .... 0 o.SOO 0.U0 0.375 9."t> 54.00 30.11 144.70 5.634 

" L4.u U.,UU 0.1..::0 Q.j75 11.39 54.34 3J.87 134.75 5.166 
15 44.0 0.500 ud 2u Od75 ':1.1.2: 57.6] 3/).61 127.13 4.824 
16 .!4.u 11.50U 0.120 O.j 75 1',1.12 56.72 47.55 126.13 6.300 ..,. 17 2.4.0 Ij.~uu 0.1,0 0.315 17.26 57.27 45.58 113.60 5.652 

00 IS 24.0 0.':>00 0.1,0 0.377 3.01 54.01 15.52 194.40 4.410 31 

" ~ .... v v.SO'" ;;.120 0.37::, 3.03 54."t'" 15.10 1/9.08 4.068 31 
d' .::4.0 0.500 U.ILU 0.375 3.25 55.06 15.66 159.41 3.634 31 
n ':4.0 0.500 0.1.2.0 0.375 3.01 55.49 15.64 148.91 3.420 3I 

" 24." 0.500 0 •. 12U U •. :>7;" .,. 1.2 55.01 30.17 161.15 5.724 31 
L3 £ .... 0 0.;)00 0.14u 0.3/5 10.00 55.61 31.31 1')0.94 6.048 
Z. ":4.lJ ".5I..U 0.12U 0.375 3.06 55.~4 15.42 168.52 4.374 
<, 24.u J.':Jvv ... 12u U • .:l I':> j.08 54.56 15.41 193.52 4.752 
<6 .::"t.0 O.SOO O.lLO O. :-7':J 3. 10 55.95 1').16 162.61 4.050 
a £"t.0 U.5uU 0.120 o.~ loj .i.o.uo ,:>5.41 30.88 146.86 5.580 
2. 24.0 O.~Oll uol20 O~j 75 10.43 55.07 ''to. 36 128.05 6.264 
29 2.4.0 U .~oo G.LLO Od75 17 • .25 5b.~5 45.0b 113.00 5.598 
30 24.0 J.70U u.1Z" \J • .3 7';J 30lb j4.67 15.50 196.58 4.7A8 
31 '::4.0 O.50U G.lZO 0.J/5 9.56 S:'.27 )0.81 141.n 5.580 
J< 24.u u.50" 0.120 U.,:> 7'J .2.Hd :;5.46 15.02 192.10 4.788 
33 .: ... 0 u.5Uu (J. 1 ,I,) v • .J (5 2.90 ')~.4l:l 15.49 117.84 4.410 
3. £4.0 0.:>00 o. uo O.,H:> 2.7'-1 '54.68 lS.39 165.37 4.086 
J> i4.U J.500 O.1':'u 0 • .:> 15 '1.2i. 5':>.10 30.62 152.1~ 5.634 
30 2't-.0 oJ.SUu O.lLU 0.~H5 9.41 54.9, 30.81 141.26 5.634 
37 .24.0 0.:>0,) O.lLO 0 • .375 17.8'i 55.<tl 45.30 124.51 6.390 
38 Llt • .; iJ.:>uu \J.LLU 0.375 1"{.<t5 5'1.54 45.41 107.82 5.598 
,9 .2't.0 0.500 O.llO u.~ (S 9.22- :>4.91 30.65 142.79 5.634 
40 l<t.O 0.50u 0.120 0.315 Id.48 50.72 46.26 136.89 7.038 
41 L4.u u.!:>uu ... LL:u v • .:l7':> 1/.35 56.86 45.34 107 .. 41 5.742 
4J .24.0 0~500 O.1LO O .. H:> 3 • .3 7 5't-.79 15.58 191.12 4.860 
44 l't-ou U.SUU 0.121) 0.37::' 1U.h ,:>4.66 30.37 105.53 2.826 21 
45 0::4.0 0.500 0.ll0 Od7':> !j.SO 54.49 30.42 54.85 '2.844 21 

46 24.0 0.50u O.lLO 0 • .3 75 20.b5 55.43 45.00 57.83 3.762 21 



T A!';lE [j-5 
LfUTICAl HEAT FLUX CATA 

srAINlE~5 ~T22l -HEAVy ~ATf~ COLUMBIA UNIVERSITY 

RUN IkA rei', LLuU'I,\;T CHAM1E:L PF<.ESSU>-'.t. LOCAL CUDLA~T CUNDIT!UNS AT dUh I\'''ur CPITrfAL Cj"IlM.f"lTS N:JM6l:K lU Lt:01l>TH OJ A. THICK. ;;:(,)LlIV. uIA. DR(JP f-'RiS$URE V[lOClTY sueC[JrJLIW; H >" t\ T 1'[ 'IX I I~. 1 N • J N. IN. PSI P$IA FT/SE:C OfG F lC6 UiJ/Hf<-SQFT 

14 .-:4.0 iJ.7';;u O.Olu 0. jOb 11.20 64.70 30.15 104.22 3.438 U, ,'to U 0.1';;1,) 0.ulb V.JJb 21.;. ')0 65.20 2~.91 104.22 .1.653 2l U3 '-:4.0 0.·'5..; 0.e16 U.jOu 20.10 64.20 29.93 YO.OO 2.97g 21 .. L.:.5 L4.0 u.15J U.ul0 0.j08 <-.CO 64.70 14.90 108 • .)0 2.594 2. <D 1<:0 .::4.u 0.7<;;u u.ulc u. :HJd 6.60 66.20 15.00 88.56 2.231'> 2. 127 2'1.0 0.1":);) 0.01& oJ • .... \m 6.40 65.70 15.01 70.56 1.863 2' '" .:: .... u 0.7::'J 0.ulb U • .:l0d .:lO.JO 05.40 45.00 5~.62 2.785 161 .!4.0 0.7 500 .018 V ..... Ot) 31.50 64.70 44.47 77.58 3.276 ill '-:"'t.0 J.7S0 G.;)lci o.joe 28.00 64.7u 44.78 99.36 3.B~2 191 2.4.0 ..;. i';)U ,,·.vlb U • .1ub 16.'Ju 64.7(; 29.93 90.90 3.031 III i't.v U.7'Jv v.alb O.lOd j9.50 65.20 44.76 141.30 6.4'>7 lal 2.'t.J D.l':>00.UU, 0.301l 17.40 65.00 29.97 124.20 4.054 1<4 44. U v./"H) 0.Jlt;; O.JOci ~lI. 10 64 .. 70 30.11 72.36 2.614 ( 2' 



TAelE 8-6 
CRITICAL HEAT FLUX CATA 

ALUMINuM -LIGHT WATER COLUM8IA UNIVERSITY 

RuN Ht:Afi:l1. COfJLANT CHANNtL PRESSURE LOCAL COOLANT CONDITIONS AT 8URNOUT CRITICAL COMMENTS 
NUMbER ill L':N"TH OiA. THICK. EQUI'v'. DIA. DROP PRESSURE VELDC ITY SUBCOOlING HEAT FlUX 

IN. IN. IN. IN. PSI PSIA FT/$EC OEG F 106 6TU/HR-SQFT 

I._ 2"t.O 0.150 0.03~ O.jOtS 6.00 64.10 15.23 10.20 1.996 
,.5 "<t.u J.l5J 0.03:" 0.308 1.00 64.10 15.00 30.60 1.350 II 
18. £4.0 u.750 0.035 0.308 21.00 64.10 30.53 25.20 1.634 II ,.7 Zit-. 0 1.000 D.02\) D.jd 13.00 64.70 30.38 52.20 1.588 41 
I •• .::It-.u 1.0vJ O.iJliJ u.32,j 11.00 64.70 30.60 52.20 2.250 
18'1 24.0 1.00v 0.020 o.ja 15.00 64.10 30.60 88.20 2.905 41 
190 2't-.O 1.000 O.QLU v .. 3iJ 5.00 64 .. 10 14.81 83.70 2.017 6' 
191 ':It-.v 1.00U v.v'::u v.3Zj 4.00 b4.70 14.91 106.20 2.846 
.i.92 2<t.0 1.000 0.020 0.323 16.00 64.10 29.33 68.40 2.648 
1>3 .::It-.U 1.uO .... D.02u u.3d 29.50 64.10 45.35 63.00 2.889 4' ,., £4.v 1. vUu 0.0.::0 0.323 16.00 64.70 30.16 88.20 3.341 

'90 24.0 0.750 0.020 0.30d 18.00 64.70 30.82 111.60 3.625 61 ,.7 ':'O-.lJ 0.75(,) o.U':J 0.3vd 17.0Q 04.70 30. vI 108 .. 00 3.929 

'"' 2.4.0 O.7S0 O.D.W 0.,,00 7.ilO 64.70 15.00 US.BO 3.157 
19; 24.il 0.7!>O 0.020 0.308 8.00 64.70 15.00 108.00 2.830 
2uu 24.U J.l~'" 0.0£8 v • .;I(..d 34.00 61t-.70 45.31 41.40 3.071 II 
201 24.0 O.'/SO 0.0£0 0.j08 40.00 64.70 45.,31 17 .40 3.411 61 
lUi:: ,4.0 0."51,} O.v':O 0.";;0 19.00 64.70 30.16 109.80 3.888 
20' 24.0 0.150 0.020 OdOU 15.50 64.70 14.86 108018 2.563 41 

'" 204 2.4.0 0.1'.>1) 0.028 O. jOb 16.20 64.10 30.23 90.54 3.672 a Lu'> ':4.0 u.7Su 0.';20 vdOo 16.;;0 (14.70 1 <to de 81.30 2.151 
206 ':'t.0 0.150 O.O.2J 0.308 31.00 64.70 44.64 36.36 2.223 II 
;';:07 2<t.O 0.150 0.0.2(; 0.300 36.(JJ 64.10 44.79 62.64 2.857 61 
<Od .:."t.U 0.7:;'0 O.uLu U .3Ll<) 35.lt-O 64.70 44.94 77.22 3.412 61 
<0; 24.0 v.150 O'OLO 0.30tl 36,00 64.70 44.94 91.26 4.046 61 
210 24.lJ .;.1~0 (...u2U 0. ),)0 .i7.QO 64.70 44.87 60.48 3.362 
211 2't.o Li.15\) 0.0.:0 O • .:HJb 38.00 64. ](1 4't.94 45.3e 2.813 
21< (.4.0 O • .,so 0.0':0 0.:;),)6 3<...00 64'.70 44.94 114.30 4.448 31 
.£.14 lit-. 0 1.vOw iJ.vi::u u.~l.j iJ.I0 64.70 29.71 87.30 2.801 41 
2IS 24.0 i.uOO 0.020 O.3.:j 13.30 64.10 29.99 83.88 2.848 41 
db ':'t.o 0.IS0 0.035 Q-JOd 16.00 04.70 30.0e 109.80 3.198 6' 
217 ':<t.0 <J./'j,!) G.!)~:i 0.3';0 It..vO 64.70 30.08 90.54 1.281 
.2.1& 24.!) 0.151.) O.O,j:> O.jOti 15.:>0 64.70 30.23 80.64 3.033 
219 24.0 v.750 0.035 0.:.0& 15.80 64.70 1':1.30 82.98 2.299 
220 ':'t.u v.1S(; u.O::l5 0.308 15.20 64.10 15.00 9!j.64 2.594 
2<1 '::4.0 0.75u O.O;)!:. 0.308 C:i3.20 &4.70 45.24 77 .58 3.645 6' 
22.:: 24.v 0.15u 0.0;:;'> u.C:iOli 3ti.50 00.50 45.24 34.56 2.687 II 

", .:::4. v 0.750 u.Oj'.> O.30b 14.50 64.70 30.30 104.94 4.10B 
24<:' 24.0 0.15J v.lJ.jS u.JQil '0-.50 04.70 15.30 109.98 2.299 6' 
243 ,,4.0 v.7S<J 0.0.:1';1 0.,,01;1 5.vO 64.7 v 15.08 71.64 2.241 

lit4 24.0 0.1':10 0.0.:):' O.jOil 4.50 64.70 15.30 110.18 2.907 

245 ":4.0 v.TSu O.,d:' O • .jo.)l:> 4.'>0 64.70 15.30 HO.dS 3.146 

l4b ':4.ll u.75<J 1.).;)35 0.30b 6.00 64.70 15. 08 45.36 1.586 

241 24.0 O.l~O 0.035 o.:!oe 6.00 64.70 15.00 45.36 1.656 

24. 2,+.u v.l':1ll ll.0JS V.JOb 5.00 t>4.70 15.08 90.54 2.691 

24'.1 2:4.0 0.150 0.035 O • .108 6.00 64.70 15.00 62.64 2.119 

250 ':4.0 O • .,sQ 0.u35 U • .:IJo 5.50 64.70 1':1.08 113.40 3.366 
25, 2."t.O ",.I'J" O.u':b O.Jvd 49.00 64.70 60.31 89.64 4.304 61 
2S; 2:4.0 0."50 0.0;:8 0.308 4&.',;0 64.70 59.35 71.64 3.836 61 
25; .t4.<J 0.150 ".u20 v.JOb 50.00 64.70 44.55 73.44 3.733 



HtllF 6-6 {emIl J NUEOJ 
CRITICAL HEAl flUX vAl A 

ALuMI"'UM -L jGrlT I'iATff( C{1UJM blf>. UNIVERSITY 

"uN ni-ATER (L-ULANl ,-HI>NJ\EL PRESS(lF f LCJCAl COCLANT CJ~<OITIONS AT BURNOUT CRITICAL C l''1MFNT S 
N.)Mtltk 10 Lc'~:.;Th 01,.. T "Il.K. E' .. uI" • ... 14. ';;"UV I'kl5SURE Vt:LUCrTY SUtlCClO11NG H"lIT FLUX 

I'. II". II" • IN. 1'.',1 PSIA f-T/SEC DEG f- 106 "TU/HIl-SOFT 

25> .::.-.-.U J.l';;J v.UJ:> v.-'>vti 2'i.Ci.l 64.7v 44.87 89.64 4.325 
':76 i'<.v v.7'.)" 0 ... U5 0.3v/;l <:9. :'v 64.70 44.72 70.74 3.814 

2" "'- ... W 0.7;'" O.lL:>:. O. JUS 30.30 6'+. -fa 44.64 59.76 3.406 
2.~0 .::.-.-.:.., v. -f':J..J .J.v~b v • .:.Qtl 14.00 64.70 2<;. B6 73.0d 3.157 
<>9 "' .... v .j. (:.u v.O.::.13 o .:.ub )1.00 64.10 44.79 8'1.64 4.556 
2bO «'t.V O. I,:>u Q • ...) 2 [, Od06 33.00 1:.4.70 44.42 56.52 3.366 
':61 L't.V u.l':>J v.u.):) U • .)tHi 4.5u 64.1'0 15.96 53.64 1.496 
2b2 «'t.O 0.750 v.020 O. J(Jb 5.00 ':'4.70 14.95 7«.84 2.074 
,b' L -.-. 0 (J. 15U v.v<:1;i (". :;'ui} ').00 04.70 1 ~. 10 53.64 1. :'14 
'b. L'1-.0 U. ('.;v 0.JLlo "t.dQ 64.70 15.03 106.20 2.570 61 ,.5 ~'t.u u.7';'0 0.ll2h 0.:'06 14.00 &4.10 30.0:; ~3.64 2.119 
20' L"t.ll 11.1-;,.j v • .... LO v • .:lvo 15.JO 6ft.7ll 15.10 110.88 2.461 41 
201 L"t. U ll.1~u U.V~5 o ,j Ot; 14.50 64. (0 15.03 78.84 2.054 ,,, «4.0 0./50 0.03, 0.3013 14. '='0 6't. -( v 14.95 101.64 2.637 

'b' L't ..... v.l)u -.l.Jd) V.jUt, 14.50 6't.70 IS.1u bG.64 2.047 
• U"; .:4.0 O.I'?U 0.v20 \J • .)Oo 14.50 64.70 15.03 53.64 1.505 

V> 271 L"t.1i \)./50 ~. Jt-u 0.300 IJ.OU 6'+.70 29.97 80.64 2.916 .1 .... "2 .::.4.1..0 u.75lJ ".,JLO (J.306 12.?U 64. '10 2 C). 89 54.18 2.142 

", 2it.u 0.1':>\) 0.2CO 0.30b -,0.00 64.70 30.28 109.08 3.739 61 
274 L't.Ll 0.1")" G.J.:u 0.300 21.50 c>4.70 44.9"1 80.64 3.929 
<7> 0:::"1.-.1 0.15'J U.ULO 0.)00 20.00 64.70 44.84 54.54 2.736 
do L'+.O O. f':lu (J.020 O.JOb 't.50 04.70 15.18 10a.18 2.628 
.:1-1 L"t.V J.i:", ..... J"'0 O ... h)O 38.0U 64.1(J 54.07 108.'10 4.927 I 61 
270 « .... (J iJ. '50 O.ut-O 0.306 )b.uO 64.70 45.31 108.18 4.948 

2" L4.0 0.7:'0 0.:..1,,-0 (".J0& ').00 64.70 14.95 53.64 1.553 

"" L"t.lJ J.7':Ju u".jd, ".';;vo 4.0" 64.70 1"i.26 81.36 2.24"i 
<'I .:.'~.O O.TS\) ... '),2:0 0.30& 4 .. ';;0 64 .. 70 15.34 107 .. 64 2 .. 72" 

,,' ':4.J J. 1':><J v. v.:v J.3,,0 14.00 64.70 30.05 53.64 2.232 

'OJ 24.0 ').l':>J G.8"0 O.jUo 13.50 64.70 -'::9.89 80.64 3.085 
2.84 «<t.0 0.150 O.JLU u.JOI;J 13.50 64.70 30.05 108.00 3.895 
Las «4."; J. 1':>v J.ui.:0 U.),," 27. bO 04.70.) 44.08 54.18 2.938 
2d. ,,-4.0 O. 7~iJ u.J.:O D • .JU6 n.50 64.70 44.92 82.80 4.070 

20' L't.U 0.1:'J l.>.J20 v. j Je .:a. J0 64.10 it5.07 115.20 5.107 
«110 L .... U v.'I,:;" ':".023 0.30<" 1').30 04.70 30.12 54.54 2.326 
26> L't.Ci 0.150 O.J'::tl U • .;Ob 15.00 64.70 29.91 83.34 3.123 
290 2"t.G J.75J v.v-,::o G.J-vb 15.0(, 64. -,0 29.89 108.18 3.931 

'", 24.0 v.1Su U.O.:;:) Q,jJij .;1. :'0 6,+.70 44.99 54.00 2.893 
0:::92 2'+.0 0./50 0.0LO 0.30d 32. aD 64.70 44.99 83.70 4.135 
U3 ' .... 0 :J.15...) v.ut'j v.JUt.. 12.5u 64.70 30.28 80.64 3.134 



TABLE B-7 
CRITICAL HEAT FLUX DATA 

ALUMINUM OXIDE COlUMBIA UNIVERSITY 

RUN HEATER COOLANT CHANNEL PRESSURE LOCAL COOLANT CONDITIONS AT BURNOUT CRITICAL COMMENTS 
NUMBER 10 LENGTH DIA. THICK. EQUIV. OIA. DROP PRESSURE VELOCITY SU8COOL ING HEAT FLUX 

IN. IN. IN. IN. PSI PSlA FT ISEC OEG F 106STU/HR-SQFT 

I 24.0 0.750 0.035 0.30a 0.0 64.70 30.00 127.80 0.810 HzO; 2.4 - 3.6 mil AhO) 

'" 
2 24.0 0.750 0.035 0.308 0.0 64.70 30.00 201.24 1.980 

N l 24.0 0.750 0.035 0'.308 0.0 64.10 30.00 198.36 2.518 
4 24.0 0.750 0.035 0.308 0.0 64.70 30.00 248.22 2.790 

251 24.0 0 .. 750 0 .. 020 0.308 22.50 64.30 30.16 181.02 5.452 OzO; 1.4 mil Alz0 3 

261 24.0 0.750 0.020 0.30B 18.00 63.70 30.08 178.20 5.890 
291 24.0 0.750 0.020 0.308 16.70 64.10 29 .. 94 138.06 5.209 
311 24.0 0.150 0.020 0.308 19.30 65.20 30.05 90.36 4.484 
321 24.0 0-.750 O. 020 0.308 20.10 65.20 29.91 245.34 5.265 
312 24.0 0.750 0.020 0.30S 5.S0 66.10 15.09 137 .34 3.492 



TABLE B-B 
CklTICAl riEAl fLUX DATA 

AL \J M I ,\lLi"1 -Hf::AVY wAlcR COLUi-lBIA UN[VEk~ITY 

KUt-l he'" ft; '-< L.OulAi ... r CI-IA'\\'J\:L PRt:SSllKE LOCAL COOLANT (m'l[JlTIO~S AT I3URi\)ClUT CPIT!(l\l (O"1M;:NTS 
NuMdLK lD It.I;il>rh D 1 A. r rll C J\. • t.\.iJIV. 011-1. DIZGP PRr::SSURf VELDC I TV' SUBUJOl I NG HFAT FLUX 

Pl. i 1\. i H • It" • PSI 1-'5 I A F T I~ Et DEG F 106 erU/HR.-SOFT 

0"3 ':::'t.V vol?'..) v.0,:':'; u. j'J(. 1 ~. 1"1"0 6,). Iv JO.10 79.02 3.299 2J 
oU't "-4.0 U. 7SL.J u.0j~ 0.306 1b.HQ b~.10 29.97 48.96 2.572 ZJ 
Suo '::4.J U.-1S0 'J.03:' O. j\J,.> 1:).50 tA.7J 30. 17 02.26 3.317 

'" 1~J. .:: '"1".0 v.7':..) v.vLV O • .:.Uo 1ci.60 "4.70 30.10 15.24 3.191 

'" ZO , .:::~.u 0./~0 u.Q.:::c 0.30b 16.bU 64.70 29.'18 104.94 4.:~92 2J 
za.:: Z4.u v.iS" V.VLO li.3i)d 1o • .:::U 04.7'.) 30.16 b8.0'::: 3.910 2J 
20.::. '<:'4. u U.1SO U.iJio V.JUt) 11. SO 64.70 30.1'-$ 61.,)2 2.956 ZJ 
,04 L'"t.U 0./:"0 0.,).:::(3 U.-,vd 17. au o·'t.70 30.09 74.88 3.451 2 J 
LOS. <::4.0 v.7'iv v.U.::,d v • .:.>Vb 0.1.0 lA.70 14.98 103.36 3.226 
l£1 2.4.L.l u. 150 O.u~L u .... vL LO.90 04.70 30.15 g4.68 4.40.3 
;::71 L't.U 0.1':.JU v.oJ'!'.; U.j;JO it,. 61.) tA.7iJ 30.31 luB.9iJ 2.945 ( '. J 
301 '::"i-.I.J ".7';}..; oJ.v,!.,) v • .;.v,j 2.10 64. -/0 5.07 60.94 1. R 32 
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