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FOREWORD

The Shippingport Atomic Power Station located in Shippingport, Pennsylvania
was the first large-scale, central-station nuclear power plant in the United
States and the first plant of such size in the world operated solely to pro-
duce electric power. This program was started in 1953 to confirm the practical
application of nuclear power for large-scale electric power generation. It has
provided much of the technology being used for design and operation of the
commercial, central-station nuclear power plants now in use,

Subsequent to development and successful operation of the Pressurized Water
Reactor in the Atomic Energy Commission (now Department of Energy, DOE) owned
reactor plant at the Shippingport Atomic Power Station, the Atomic Energy
Commission in 1965 undertook a research and development program to design and
build a Light Water Breeder Reactor core for operation in the Shippingport
Station.

The objective of the Light Water Breeder Reactor (IWBR) program has been to
develop a technology that would significantly improve the utilization of the
nation's nuclear fuel resources employing the well-established water reactor
technology. To achieve this objective, work has been directed toward analysis,
design, component tests, and fabrication of a water-cooled, thorium oxide-
uranium oxide fuel cycle breeder reactor for installation and operation at

the Shippingport Station. The IWBR core started operation in the Shippingport
Station in the Fall of 1977 and is expected to be operated for about 4 to 5
years. At the end of this period, the core will be removed and the spent fuel
shipped to the Naval Reactors Expended Core Facility for a detailed examination
to verify core performance including an evaluaxion of breeding characteristics,

In 1976, with fabrication of the Shippingport IWBR core néaring completion,
the Energy Research and Development Administration, now DOE, established the

"Advanced Water Breeder Applications (AWBA) program to develop and disseminate

technical information which would assist U. S. industry in evaluating.the

IWBR concept for commercial-scale applications. The program is exploring some
of the problems that would be faced by industry in adapting technology confirmed
in the IWBR program. Information being developed includes concepts for

.commercial-scale prebreeder cores which would produce uranium-233 for light

water breeder cores while producing electric power, improvements for breeder
cores based on the technology developed to fabricate and operate the Shippingport
IWNBR core, and other information and technology to aid in evaluating commercial-
scale application of the IWBR concept.

All three development programs (Pressurized Water Reactor, Light Water Breeder
Reactor, and Advanced Water Breeder Applications) are under the technical
direction of the Division of Naval Reactors of DOE. They have the goal of
developing practical improvements in the utilization of nuclear fuel resources
for generation of electrical energy using water-cooled nuclear reactors.

Technical information developed under the Shippingport, IWBR, and AWBA programs

has been and will continue to be published in technical memoranda, one of which
is this present report

Revised 1-17-80
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Experiments were performed to establish the
critical heat flux (CHF) characteristics of
heavy water and light water, Testing was
performed with the up-flow of heavy and of
light water within a 0,3744 inch inside
~diameter circular tube with 72,3 inches of
heated length, The parameter rariges tested
were: ‘ ' ' : :

pressure: 400 to 2206 psia ‘
(2,76 to 15.2 MPa)

inlet temperature: 200 to 600°F
(366 to 589°K)

mass velocity: 250,000 o 3,500,000
1b/hr-ft 2
" (339 to 4750 Kg/m"es)

heat flux: wup:to 1,380,000 Bfu/hr-ft2
(401 Mw/m )

Comparisons were made between heavy water
and light water critical heat flux levels
for the same local equilibrium quality at
CHF, operating pressure, and nominal mass
velocity, Results showed that heavy water
CHF values were, on the average, 8 per cent
below the light water CHF values,

Critical Heat Flux Experiments in &
Circular Tube with Heavy Water dnd Light Water

(AWBA Development Program)

INTRODUCTION

This testing was performed to develop a basic understanding of the
thermal and hydraulic characteristics of heavy water,compared'to those of
light water over a range of fluid conditions of interest to pressurized

water reactor studies,
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A limited sct of heavy wateé CHF data was reported by Savannah River
Laboratory in Reference 1. These tests were performed at low pressure (150 psia,
1,03 MPa) in an internally heated annulus mounted vertically with 24 inches
(61 cm) of heated length, The electrically heated center tubes tested had
diameters of 0.50, 0.75, and 2,10 inches (1.27, 1.90, and 5.33 cm) with flow
path equivalent diameters of 0,375 or 0.400 inches (0.95 or 1.01 cm), Tests
were performed with exit conditions in the subcooled‘regime with water flowing
downward at velocities ranging from 15 to 60 fps (4.6 to 18.3 m/s). The
'subcooled critical heat flux for heavy water was reported as 8% greater

than for light water at constant inlet subcooling and mass velocity.

The test described herein was conducted at high pressure with water flowing
upward inside a heated tube with exit conditions at saturation, The results
indicate that CHF for heavy water was lower than that for light water, A
qualitative comparison between these test results and the Savannah River data

is discussed in Section V,B,

TEST EQUIPMENT
7

’x
Testing was performed in a high pressure loop in the Bettis ‘V;
Thermal and Hydraulics Laboratory, as illustrated in Figures %

1 and 2, Significant features of the stainless steel loop
included air operated isolation valves aﬁd rupture discs venting into a
large blowdown tank, The isolation valves and blowdown equipment were
included as a precaution against losing the expensive heavy water, The
loop and test section were designed for a pressure of 2500 psia (17,2 .MPa)
and a temperature of 680°F (633°K) , 4

The test section consisted of an electrically-heated circular tube of
304 stainless steel providing for the vertical upflow of heavy or light water
within the tube, Test section dimensions were 0,3744 inches (9.5 mm) inside
diameter by 72,3 inches (l.84 m) heated length, These dimensions were based
on pre-test measurements and corrections for thermal expansion, Uniform
electrical fesistance heating was provided by using'direct current from a
motor-generator set with maximum ranges of 100 volts and 25,000 amps. Silver

plated copper terminals were positioned at both ends of the test section for

-

electrical connections, The test section was insulated with Kaylo-10

(calcium silicate-fiberglass), to a nominal outside diameter of 5 inches,



_II,

v.

=3-

INSTRUMENTATION

Test section instrumentation included pressure tabs positioned at
3.25 inches beyond the heated length at both inlet and exit ends, Water
temperatures were measured at both inlet and exit ends using sheathed
Chromel-Alumel thermocouples., Six wall»thérmocouples for detection of
critical heat flux were spot welded at 60-degree intervals around the
outer surface of the tubes at a distance 1/4-inch upstream of the end of the
heated length, Test section flow was measured using a pre-calibrated orifice
flow assembly, The assembly consisted of duplicate orifices mounted in series
in each of two parallel flow legs designed for high and low velocities, The
test section pressure drop was measured using Rosemount differential pressure
cells, vOperating pressure was measured using a calibrated Bourdon-type gage.
Purity readings of heavy water were made by first measuring the
density of samples extracted from the loop water using a density meter,
Mettler/Paar Model DMA 46, This density was used to provide an indication

of the molecular purity of a heavy water mixture defined as:

o . No. of DeuferimnAtomé
Mole % of DZO = 100 x (Total No, of Deuterium and Hydrogen Atoms)

The data acquisition system included a Honeywell 12-point recorder
for test monitoring, A Hewlett-Packard integrating digital voltmeter (IDVM)
was used to measure all thermocouple and pressure transducer signals. One
second and ten secohd time intervals were used on thermocouple and pressure
differential readings, respectively, A six-channel oscillograph was used to monitor
the wall thermocouples for indications of critical heat flux by an excursion
in wall temperature., Instrument signals on the IDVM were recorded on

magnetic tape for later data processing,

‘TEST PROCEDURE

During the testlng, loop conditions were monitored to ensure that the
oxygen content was less than 0,2 ppm and that the electrical resistivity of the
makeup water was greatér‘thgn 1,0 megohm-cm° The coolant was made sl1ght1y
alkaline by use of a bypass ion exchange column filled with resin in the NH4 -OH
form, Resin previously deuterated w1th heavy water was used for the heavy water
runs in order to avoid light water contamination through the ion exchange column.

For light water tests-the pH was held at 9.0 #0.5; for heavy water tests

the same alkalinity was maintained by controlling to an indicated reading
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of 9,51+0.,5 on a pH meter calibrated for light waterf

There were four types of test runs performed, all at steady-state
conditions after stabilizing the conditions in the loop for about 15 minutess
The types of runs were isothermal runs (ISO), heat balance runs (HTB), critical
heat flux runs (CHF) and runs made at 98% of critical heat flux (98)., Forty-
five isothermal runs were made with no heat in the test section to
obtain pressure drop data and establish the friction factors,

Twenty-one heat balance runs were made at subcooled conditions with low
mass veloclty to provide the basis for estimating the heat losses during all
test runs and to provide heated pressure droﬁ data. Heat losses were correlated
with the difference.between the test section wall temperature and the ambient,

The balance of the test consisted of dual test runs made at the
experimentally determined critical heat flux and at a heat flux just below
CHF, 7The pressure, mass velocity and inlet temperature for each run were
established and the heat flux was slowly raised to 75% of an estimated CHF
value based on light water CHF correlations, The heat flux was then increased
in 5% increments until CHF was indicated by an observed rapid increase of any
of the wall thermocouple readings, at which time, if possible, a complete line
of data was recorded, Following a CHF run, the power was reset to approximately
98% of the CHF power level and a complete line of data was recnrded. These
98% runs served as a backup indication of nominal test section conditions for
the CHF runs where a rapid CHF prevented the recording of a full line of aata"
on magnetic tape,

Several replication runs were made throughout the test, In addition to

the automatic recording of all data, oscillograph charts were also saved and
examined. ‘

* An indicated pH of 9.5 for tests with heavy water was interpreted to
provide equivalence between the concentration of OD ions and the OH~
ions used in light water tests with a pH of 9,0, 7This is the result
of a correction of +0,4 for the meter being calibrated with Hy0
solutions and =0.9 for the fact that pKp,0 is 0.9 units greater
than pKy,0. (pH is the negative logjg o% hydrogen ion concentration,
PKHZO is“the negative log;p of the product of the concentration of
hydrogen [H*] and hydroxyl [OH™] ions, and pKp,o is the negative log
of the product of the concentration of [D¥] and [0OD™] ions.)

10
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The sequence of testing was conducted as follows in three nominally
identical test assemblies:

Phase 1 - Runs 1-152 were performed with light water in
test section assembly no, 1,

Phase 2 = Runs 153-196 were performed with- llght water in
test section assembly no., 2. .

Phase 3 - Runs 197-252 were performed with heavy water
(93.0 per cent pure) in test section assembly
no. 2,

Phase 4 - Runs 253-546 were performed with heavy water
(99.84 per cent pure) in test section assembly
no. 20

Phase 5 - Runs 547-634 were performed‘with'light water in
test section assembly no, 2,

Phase 6 Runs 635-636 were performed with light water in

test section assembly no,. 3,
Test section assembly no., 1 represented the original test section tube
with moderate structural support, This moderate support consisted of a
pipe-support-hanger at the exit end and one spring loaded connection to
the floor at the bottom of the test section,
Test section assembly no; 2 consisted of a new test section tube and

additional structural support, The new tube was cut from the same stock

as the original tube used in assembly no, 1, This new tube was used since
small pits were found on the tube surface under the exit copper terminals
after run 152, The additional structural support consisted of a rigid support
at the test section exit and four connections spring-loaded to the floor.,
This additional structural suppurl was used to reduce test section vibration
and to help determine whether this would influence test results, The test
conditions in Phase 2, runs 153-196 included replications of critical heat
flux data with the additional structural support,

Test section assembly no. 3 used the samé tube as assembly no. 2.
The only difference was that a loose pipe-support was used at the exit and no
support, other than piping, was used at the inlet (bottom),

This support change was made in order to perform an additional check on
data replication and it showed that the manner of support had no influence

on the CHF results,
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The testing with heavy water of 93 per cent quality in test phase no, 3
was a result of incomplete draining of light water from the loop, While
testing with heavy water of this purity was not originally intended, these
93 per cent putity runs provided data for indicating the sensitivity of
test results to heavy water purity. Following run 252, the loop was completely
drained and evacuated by a vacuum technique, and‘refilled with high purity
(99.84 per cent) heavy watér. This high purity was maintained and verified by
daily purity checks using the previously described density meter. After run
546, the loop was completely drained and evacuated using the vacuum technique,

The loop was then refilled with light water for the remainder of the test,

For data reduction, all lighﬁ water properties were evaluated from
Reference 2, Heavy water properties of saturation conditions, subcooled
density and subcooled enthalpy were evaluated from curve-fits of the tabular
data given in Reference 3, Heavy water viscosity was evaluated hsiﬁg the
ratio correlation given in Reference 4, Table.l shows the principal heaﬁy water

properties used in this study,

»

The test section mass velocity was calculated by dividing the measured .
flow rate by the tube inside flow area of 7.645 x 10 tZ (7.10 x 10 -> mz). \:
The power delivered to the test section water was evaluated as the supplied g

electrical power less heat loss, Heat losses were estimated for both light

and heavy water using data from single phase unheated (ISO) runs and were
determined to be typically less than 2 per cent of the supplied power, The
average test section heat flux was evaluated by dividing the power delivered to
the water by the heated area of 0.5906 £e2 (0.055 m2).

RESULTS AND DISCUSSION

A, Data Presentation

The experimental results of this test afe shown in Tables 2-10,
Tables_2-4 are for the light water base case, Tables 5-7 are for the
high grade (99.84 per cent pure) heavy water, Tables 8-10 are for the low
grade (93 per cent pure) heavy water, In each group, the three tables
give the critical heat flux conditioﬁs, data at 98% CHF power, and data at

single phase conditions, respectively,
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The critical heat flux Tables 2, 5 and 8 include water type
designations as light water, HOH, or heavy water, DOD, The operating conditions
for each run include the operating pressure, the mass velocity calculated
from the flow rate measurements apd the average test section heat flux, The
inlet enthalpy was calculated from subcooled fluid properties at the inlet

temperature and pressure, The exit enthalpy was calculated by the expression

- + %A , (1)

Hexit - Hinlet W

where

@ is the heat flux
A is the heated area, and

W is the flow rate.

The exit equilibrium-quality was calculated by the expression

Hexit 3 rf :
Xexit = " H - H (2)
. ) g f . , .
where o _
: Hexit is the exit enthalpy

Hf is the saturated liquid enthalpy

Hg is the saturated vapor enthalpy

The data conditions at 98% of critical heat flux power level
are presented in Tables 3, 6 and.9.and include the measured tap-to-tap
pressure drop

Test data for subcooled exit flow conditions are presented in

Tables 4, 7 and lo,inéiuding two types of runs:

IS0 - no power applied to the test section

HTB - heated run with subcooled exit conditions,

These tables include the Reynolds Number and the experimental value of the

dimensionless friction factor (f) as calculated by the expression

' AP g, ' - : '
' £ = L& 4 L @)
(5)(‘2‘;) :



where

is the frictional pressure drop (total AP - elevation AP)
is .the length (tap-to-tap)

is the tube inside diameter

is the mass velocity, and

5 Q@ U v &

is the fluid density.

B, Critical Heat Flux

The plots in Figures 3-15 were constructed as a means for the
comparison of critical heat flux characteristics between heavy water
(99.84 per cent pure) and light water. These plots show critical heat
flux versus exit equilibrium quality (X) for fixed values of pressure and
nominal mass velocity where X < 0 indicates subcooled exit conditions, 'The

exit equilibrium quality was selected as the abscissa for the plots since

it reflects local conditions at CHF, These plots show that, for a given value-

of exit equilibrium quality, the critical heat flux for heavy water ;s
generally less than or equal to the corresponding light water value, The
average decrement for all of the pure heavy water versus light water CHF
data was found by observation to be approximately 8%. ''he uncertainty in CHF
data of this nature is usually relatively high, on the order of +10%. The
uncertainty for the data reported is not accurately known, but from the few
replications runs it can be inferred to be on the order of + 2 to 3%.

The heavy water decrement trend was true for virtually all tested
conditions except for two light watervdéta points shown in Figure 15 at the
following conditions:

Mass Velocity Criticél

Inlet -6 -6
Pressure Temperature x 10 2 Heat Flux x 10
Run  _(psia) (°F) _(1b/hr-£t7) (Btu/hr-£t2)
191 800 198 0.503 0.479
195 800 197 0.482 0.472

These ;uns at 800 psia (5,51 MPa) exhibifed relatively low values of critical
heat flux inconsistent with the trend of the other data, Three additional |
runs were made at these conditions, Runs 554, 631 and 635, and the results
fall in line with the balance of the data, Although the cause of the
discrepancy is not known, the two runs, 191 and 195, are judged to be in

error and are not included in subsequent data analyses,

-
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In order to interpret the variations of critical heat flux between
heavy and light water, the critical heat flux ratios (heavy water/light water)
taken from the curves in Figures 3-15 at equal values of exit equilibrium
quality, were examined versus pressure and mass velocity. The trends
exhibited were considered too weak and inconsistent to warrant any
conclusion as to the variation of the CHF ratio with mass velocity or pressure.
The only apparent trend was that as the quality increases and/or the mass
velocity decreases the heavy water-to-light-water CHF ratio approaches 1,0,
Plotting heat flux. versus quality normalizes the characteristics of the two
fluids with respect ito latent heat of vaporization. Thus the above mentioned
trend as seen in Figures.3-15 is not surprising since it is to be expected that
the critical heat flux phenomena in the two fluids will be similar at high
quality as the limit of total channel dryout is approached,

As mentioned in the Introduction, previous: test data reported by
Savgnnah River.Laboratory in Reference 1 indicated that subcooled critical
héat‘flﬁx valdes for heavy water were on thé average 8% greater than for
light wgter.when compared on a constant mass velocity basis, Examination of the

_ CHF dafé for this test indicates that the critical heat flux values for

heavy water are consistently lower than for. light water with an average
decrement of 8 per cent° This discrepancy between the results of the two
experlments may be explalnable on the basis of different mechanisms for
critical heat flux and corresponding relevant fluid properties as

discussed below, Although this qualitative portrayal of CHF mechanisms is an
oversimplification of highly complex phenomena, it is judged to be appropriate
for purposes of this discussion,

It is well known that critical heat flux phenomena may be generally
characterizied using a plot, as 111ustrated below, of critical heat flux versus

local enthalpy.

local - | Region A Region B

heat

flux DNB tran81t10n .
Region C
dryout

— Gwm— —— - m— — —

local enthalpy
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The critical heat flux phenomena may be categorized in three
regions: ‘A, B anc C, In the subcooled Region A, critical heat flux occurs
at conditions of high heat flux, low enthalpy, and at bulk fluid conditions
which are subcooled or at low quality, The mechanism of CHF in Region A is
a departure from nucleate boiling (DNB) featuring a vapor patch of
concentrated or coalesced bubbles at the heated surface, Region B is a
transition zone., . In Region C, the dryout zone, critical heat flux occurs
at low heat flux levels and at high enthalpy. The bulk fluid conditions
feature a two-phase mixture with high quality. The mechanism of CHF is
dryout, that is, a depletion of a thin annular film of liquid on the wall,

-All of the Savannah River test data were obtained with subcooled exit
fluid conditions and hence the critical heat flux was most likély a departure
from nucleate boiling, region'A. Most of the Bettis test points are judged to
have been perfomred in the dryout region (C) with some suspected opération in
the transition regioﬁ (B). It is, therefore, judged that the two test programs
generally explored different mechanisms of critical heat flux, A 4

4 In the subcooled Region A a parameter relevant to the critical -

heat flux phenomenon is the ratio of Weber number to Reynolds number

W . ‘
e _ Gp _ viscous forces )
K, po surface tension forces ‘ o

where

density

viscosity

csurface tenaion

O qQ T T«
it

mass velocity

The functional dependence on this parameter in Region A is such that increases
in the we/Re ratio result in increased values of critical heat flux. This
follows since high viscous forces tend to strip away the vapor patch and hence
exhibit a higher heat flux at DNB. Low surface tension forces permit the huhble
to be easily removed, thus resulting in a higher heat flux at DNB, DNB results
from the congestion of bubbles generated at the heated surface preventing the

plentiful liquid from contacting the wall,
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_As related to heavy and light water, this dependence may be

expressed as

|96 =
CHF po
'.DZO ~ DZO
. - ,.5
Pore]. & (5)
2" P9y 0
2
For operation with equal mass velocities, préssureé typical, of both
% .
test programs and a temperature of 200°F: this relation is estimated at
Pl o
CHF D20 v S
T_ 1.05 . _ : )
CHF) ’ : ; . .
5,0

This trend of higher critical heat flux ‘for heavy water as compared to
light water is consistent with the Savannah River test results which reported

an approximately 8 per cent increment in heavy water over light water on an -

' equal mass velocity basis,

In region C, a parameter relevant to critical heat flux.is the latent
heat of vaporizatioﬁ (Hf ). Surface tension and viscious forces are judged to be
~ g

of less importance to CHF in this region, The functional dependence for Hfg is

that critical heat flux increases as the latent heat of vaporization increases.

This follows since a fluid with a high value of H _ would require more energy

fg.
in order to dry out the liquid film than fluid with low heat of-vaporization.

This dependence may be expressed as
(¢ (Hfg)

CHF) : '
D,0 D,0

. . | | . (7

E - (Hfg)uzo .

o
HZO

For operation over a range of pressure from atmosphere up to 2200 psi, this
relation is estimated at
(%t

CHF D20 N - :
IE;————-—- = 0.9 : o - ' (8
-

H

20

*  200°F corresponds approximately to the conditions of the Savannah River tests.
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This trend of lower critical heat flux for heavy water as compared to
light water agrees with the Bettis test results which indicate approximately an
8 per cent decrement in heavy water compared to light water., It is further
noted that operating in the quality region corresponds to commercial reactor
core CHF conditions for which this study is applicable,

The argument presented above suggesting the dominance of DNB or dfyout
phenomena in separate regions is qualitative in nature, It is put forward as
a possible explanation of fﬁe apparent discrepancy between two sets of data and
may only apply in the extreme cases of large subcooling on the one hand or at
enthalpies near the vapor enthalpy on the other, In particular it would be a
mistake to conclude that based on this argument any given set of fluid conditions
will necessarily result in a higher performance rating for eitherAlight or.
heavy water, In fact, some of the data trends in this report indicate a
decrease in the light water CHF performance margin with increasing quality, a
trend which the above argument suggests would be more appropriate for the DNB
region, It is concluded (1) that the Savannah. River data and the data reported
herein although divergent are not necessarily inconsistent, and (2) that data f
trends ot heavy water versus light water aré not readily amenable to interpolativn

or extrapolation,

C. Pressure Drop

Overall test section pressure drop data from the unheated (L5U)
single phase runs were used to compute values of the isothermal friction
factor, - Figure 16'shows a plot of isothermal friction factors vs, Reynolds
No, Also shown, for reference, is the Moody curve corresponding to a
smooth wall, The data generally followed the smooth Moody curve with’
scatter, The scatter was somewhat greater than expected particularly for the
light water data, but this was attributed primarily to the low values of
frictional pressure drop for flow in a smooth pipe,

The test section pressure drop data acquired in this test during
two-phase flow were primarily. those measured at a power level of approximately
98 per cent of the critical heat flux power level, In general, these pressure
drops were approximately equal for the two fluids, As illustrated in Figure 17,
which is a plot of pressure drop at 98% CHF power level versus mass velocity for a
given operating pressure and inlet temperature, the heavy water pressure drops ;

were approximately the same as those for light water for an inlet temperature
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O
of 400 F, The heavy water pressure drops were approximately 7 per cent below
the light wéter values for runs with a 600°F inlet temperature, These
comparisons were made at different power levels but at similar exit quality’

conditions,

D, Low Purity Heavy Wa;ef

As previously discussed, this study included tests with low grade
heavy water at a nominal purity of 93 per cént; These runs serve to indicate
the sensitivity of critical heat flux performance relative to heavy water
purity.

Inspection of the data confirms the general trend expressed as:

CHFH20 > CHFD20 (93% pure) > CHFD20 (99,84%)

for given values of operating pressure, inlet temperature and mass velocity.
On the average, the decrement in CHF for heavy water compared to light water
was proportional. to the purity, The decrement for the 93% pure heavy water
was found to be approximately 93% of that for the high purity heavy water based
on a comparison of the average CHF decrement for high purity heavy water -
versus the average CHF decrement forAlow purity heavy water for all 23 cases
in which comparable data were obtained, This trend can be seen from Tables
2, 5 and .8, i

CONCLUSIONS

From intérp;etations'of the dat; taken in this study and for the

ranges of ﬁafameters teéted,the followiné conclusions are made: -

1. Comparisons of the heavy water and light water critical
heat flux results at equal values of equilibrium quality
at CHF, operating pressure, and nominal mass velocity showed
the critical heat flux of héavy'water to be generally less
than that for light water, The average decrement was
apprdximately 8 per cent, .

2, For critical heat flux, heavy water purity is moderately
important in that slightly lower purities (i.e,, 93 per
cent) exhibit critical heat flux values between light
water and the tested 99,84 per cent heavy water,

3. For pressure drop at approximately 98 per cent of critical
heat flux power, heavy water exhibited approximately the
same pressure drop to siightly less pressure drop than for

light water at the same mass velocity and inlet temperature.
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TABLE 1. Heavy Water Properties Used in This Study

Pressure (psia) 400 800 1200 - 1600 2000 2200
T ¢ (°r) 444,92 517.23 565,71 602,97 633,52 647,00
H, (Btu/1b) 1117.80 1114, 67 1102.12 1082,84 '1057.02 1041.35
He (Btu/1b) 411,92 494.69 554,23 602,85 645,64 666,01
Subccoled T > B | T __p _H_ [ T 5 A T _»p H [T o | T P H
Progerties: ' ‘ .
T (°F) 200 66,800 162,98| 200 66,887 163.71| 200 66,973 164.45| 200 67,060 165.18| 200 67.147 165,91| 200 67,191 166,28
¢(1b/ft3) - - - 300 63.740 264.04| 300 63.846 - 264.60| 300 - 63,951 265.16 | 300 64,057 265.72| 300 64.109 "266.00
H (Btu/lb) - - - 400 59.650 364.40| 400 59.792 364.77| 400 59,933 365.16 | 400 60,074 365,54 | 400 60,144 365,73
- - - - - - 500 54,410 470.73| 500 54.695 469.56 500 54,946 469.17| 500 55,064 469.07
- - - - - - - - - 550 51.135 528,50 | 5507 51.457 526,55] 550 51,675 526,00
- - - - - - - - - - - - 600 47,414 593,07 | 600 47.705 591.45
Conversion Factors: Temperature: " (°K) = '°F +459.67)/1.8 .
Enthalpy: " (J/%g) = "(2326.)(Btu/lbm)
‘ 3 S 3
Density: (kg/m™) = (15.,02)(lbm/ft”)
Pressure: (Pa) = (6895)(psia)

-g'[-



TABLE 2, Light Water
CRITICAL HEAT FLUX CONDITIONS

MASS HEAT
VELOCITY  FLUX CALCULATED .
4 ‘ PRES=  INLET INLET X10-6 X10~6 EXIT EXIT
RUN WATER SURE TEMP, ENTHALPY - (LB/HR= (BTU/HR= ENTHALPY  EQUILIBRIUM
NO, TYPE (PSIA) (DEG.F) (BTU/LB) FTSQ) FTsQ) (BTU/LB) QUALITY
‘558  HOM 400 197 166 0.245 0.296 - 1099 0.864
560 HOH 800 197 166 0,368 0,420 1057 0.810
562 HOH 400 196 165 0691 8.527 994 0.730
568 HOH = %00 195 165 8.%89 0.510 - 971 8.700
564  HOH 400 197 166 0.737 0678 871 0.573
566  HOH %00 195 165 B.982 B.790 787 0.565 .
- 1
193  HOH 800 197 167 0.243 0.277 1068 D.781 g
550 HOH 800 197 167 0.245 0.286 1070 0.813 !
552 HOH . 800 197 167 "0.362 0.419 1063 0.802
191  WOH 800 198 167 0.,503. 0.479 903 0.571,
195  HOH 800 197 167 8.482 0,672 223 0.599
554  HOH 800 195 166 0,489 0.548 1031 8.756
‘631 HOH - 800 197 167 0.49% 0.552 1029 0.754
635  HOH 800 195 164 D489 0.557 1046 0.778
556  HOH 800 196 166 0782 - 8.729 - 915 0.587
£33  HOH 800 195 166 0,982 0.836 824 0,455
117  HOHM 800 298 ars 0.252 0.251 1142 0.917
119  HOH 800 398 37 0,491 0.456 1091 0.843
121  #OHW aon 398 374 1,003 0.663 884 0,543
185 HOH 800 397 373 1.907 0.648 870 0.522
123  HOH 800 398 37n 2.013 0.861 . TOL 0.282
127  HOH 300 398 3Ts 1976 0867 705 0.283
125  HOH 380 393 376 2.955 0.930 617 0.156
Conversion Factors: Prassure: (Fa) = (6895)(psia) . Mass Veloclity: (kg/mz . 8) = (1,356x 0-3)
Temperature: ) = (OF + 459.67)/1.8 2 (1bom/ft -hr)z
Heat Flux: W/m“) = (3.155)(Btu/hr-£ft°)

Enthalpy: (C/kg) = (2326.)(Btu/1bm)



RUN
NO.

147
151
149

570
572

115
113
111
183
107
105
109

‘63
' 65
67
73
175
69
71

141

143
57%

WATER
TYPE

HOH
HOH
HOH

HOM
HOH

HOH
HOM
HOM
_HOH
HOM
HOM
HOH

HOH
' HOH
HOH
HOH
HOH

HOW

HOH

HOH

HOH
HOH

PRI S~
SURE
(PSTA)

1200
1200
1200
1200
1200

1200
1200
1200

.1200

1200
1200
1200

1200
1200
1200
1200
1200

‘1200
1200

1600

1600
1600

I@BLE 2 (Continued)

CRITICAL HEAT FLUX CONDITIONS

INLET
TEMP,
(DEG.F)

198
198
- 198
196
196

398
- 398
398
397
398
398
398

698
499
498
498
698
498

* 498

198
198
196

INLET

" ENTHALPY

(8TU/LB)

169
169
169
167
167

374
376
. 375
373
ars
374
3T,

585
486
585
486
485
%36
%86

170

170
168

MASS
VELOCITY
X10-6
(LB/HR~
©FTSQ)

0.252
0,254
3.498

0735
0!951

0.257
0,497
'0.998
0,976
1.998
3.020
24976

0.256
0,494
1.023
1.026
1.015
2.005
2.969

0.250

0,493
0,984

HEAT
FLUX
X10-6
(8TU/HR-
FTSQ)

0,301
0.301
"8.503

0.657 -
0.758

“0.241

0.415
.584
0.583
04734
0.891
0.882

0.217
0.356
0,486 -
0.%87
0,481
0.59%

8.632"

0.270

0,653
0.699

SALCULATED
EXIT
ENTHALPY
(BTU/LB)

1090
1082
359
858
764

1098
1019
- 828
834
658
602
603

11%0
1060L
- 853
852
851
Tk
650 .

1005
880
717

EXIT
EQUILIBRIUM
QUALITY

0.846
"0.83%
"0.647

0.467

0.314

0.860
0.73¢
0.616
D.b28
Delley
0.850
0.052

04929
0.770
ﬂp“gg
0.458
0457
B+233

‘Be128

0.707

0.476
0.173

-L'[-



RUN
NO,

93

a5

99
97
181
101
103

173
171
165
167
169

35
37
39
163
by
45
L3

137
139
145
189
576

~ PRESe
WATER SURE
TYPE (PSIA)
HOH 1600
HOH 1660
HOH 1600
HOH 1600
HOH 1600
HOH 1600
HOH 1600
HOH 1690
40H 1600
HOH 1600
HOH 16400
HOH 16170
HOH 16100
HOH 1630
HOH 1600
HOH 1600
HOH 1AD0
HOH 1600
HOH 1600
HOH 2000
HOH 2000
HOH 2000
HOH 2080
HOH 2080

TABLE 2 (Continuad)

CRITICA. HEA™ FLUX CONDITIONS

INLET
TEMP,
(DEG,.*)

398
393
393
399
197
299
400

497
497"
497
497
497

5&%9
548
548
548
548
5k8
548

198
197
196
197
196

INLET
ENTHALPY
(319/L8Y

3re
375
375 -
376
37
376
377

T
&85
LE4
Veh
8

547
586
547
546
56
546
S&5

171
i70
159
170
159

MASS
VILOCITY
X10-6
(LB/HR=
FTsay

0.250
0.%95
0.498
0.988
1.976
3.017

0,254
0,513
0,985
1,975
2.989

0.256
0.501
1.025
1.004
24008
1+979
3.002

Be252
0.69%4
0.496
D.497
0.983

HEAT
FLUX
X10-6
(BTU/HR-
FTSQ)

0.213
0.337
0.343"
0.%89
0.505
0.745
1.004

0.189
0.296
0.419
0.522
8.679

0.175
0.258
0.357
0.357
D.514
0.620
0.506

0,247
O Dl
0«40k
0.415
0.657

" CALCULATED

COEXIY
ENTHALPY
(BTU/LB)

1035
G01
Qo7
758
T54
- 667
634

1859
931
813
638
660

1875
943
315
320
705
710
576

330
501
799
Bib
685

EXIT
EQUILIBRIUM
QUALITY

0.762
0.516
0.525
0.249
o248
0,080
0.0818

0.807
0.569
0.350
0.119
0,066

0.837
'8.592
04355
0.364
0.151
0.159
0.09

0.556
0,279
0.273
0.306
0.029

-8'[-



RUN
NG,

129
131
133
135
146
187

91
89
75
87
17
79
179
81

83

85

61

57

55
177
53

wATEé

PRZS~-
SURE

TYPE  (PSIA)

HOH
HOH
HOH
HOM
HOH
HOH

HOH'
HOH
HOH
HOH
HOH
HOH
HOH
- HOH
HOH
HOH

HOH
HO
HOH
HOH
HOH
. HOH

20040
2000
2000
2000
2000
2000

200N
2000
2000
2000
2000
200N
2000
2000
2000
2000

2000
2000
2000

2000

2000

2000

- TABLE 2 (Continued)

CRITICAL HEAT FLUX CONDITIONS

INLET
TEMP,
(DEG,7)

298
299
299
298
299
302

397
393
399
398
3938
398
398
x99 -
%98
398

498
%99 -
498
498
497
499 °

INLETY
ENTHALPY
(8T4/LB)

271 .
272
273
272
272
276

375
375
376
375
375
375
375
376
375
375

485
%86
485
4386
485 -
486 -

MASS
VELOCITY
X10-6
(LB/HR~-
FTYsQ)

0.253
0.500
1,029
14994
1.991
24045

0.259
0.497
0.987
1.002
1.506
14966
2.0:09
2510
20947
34454

0.255
0.499
1.025
2006
200406 -
2.995

HEAT
FLUX

X10-6
{(BTU/HR=

FTSQ)

0.226
0,357
0.575
1.003
1.035
1,028

0.20%
0,305
0.%58
0,468
0.630
0.790
0.803
0,967
1.122
1,291

0.169
D.246
0,354
0577
0.590 -
0.811

SALCULATED
EXIT
ENTHALPY
(3TU/sL8B)

958 -
823
704
- 660
676
666k

981
850
734
736
698
685
634
673
669
66%&

999
867
752 |
708
T08
695

EXIT
EQUILIBRIUM
QUALITY

0.615
0.325
0.070
~0.025
9.005
-0.0156

0.665
0.383
0e13k
0.138
0.057
0,829
0,025
0,004
'00005
-0.,015

0,704
f.621
04174
0077
0.078
0,054

D)

-6'[-



‘RUN
NO,

33

31

25
27

161
29

19
21
23
47
51
159
49

578
5810
582

587 .
589

58%
591

WATER
TYPE

HOH
HOH
HOH
"HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH

HOH
HOH

HOH

HOH
HOH
HOH
HOH

PRES-
SURE
(PSIA)

20co
20C0
2zoco
2000
20C0
20C0

- 2000

206C0
20CN
20¢C0O
20cC0
20C0
20CG0

2200
2200
22C0

22C0
22C0
2200
2200

TABLE 2 (Continued)

CRITICAL HZIAT FLUX

© TNLET
TEMP,
(DEGeF)

548
547
548
548
546
S48

5948
598
597
598
598
596
598

196
197
197

337
o 398
- 39A
397

INLET
ENTHALPY
(BTy/LB)

545
S5u4ly
546
546
52
585

p12
612
611
612
512
639
612

170
470
170

375
375
375
375

CONDITIONS

MASS

YILOCITY

X10-6
(LB/HR=
FTsQ)

D264
0.500
1.976
1,989
2,978

0.256
0.505
1,041
2.01%
2,026
2,047
3.003

0.250
0,69

0.98k

D.241
0.491
0.982
1.973%

HEAT
FLUX
X10-6
(BTU/HR~-
FIsSQ

0.152
0.220
0.300
D467
D, %68

0,128
0-137
0.247
0» 346
0.3646
D.353
0.497

0.237
0,389
0.662

D.182
0.295
D.461
0.824

CALCULATED
EXIT
INTHALPY
{(3Tu/L3)

b

990
384
771
728
724
715

997
899
795
74t
743
742
‘740

901
778

690

958
839
738
696

< EXIT
£QUILIBRIUM
QUALITY

0.686
0.457
0.213
0.122
0.113
0.09%

0.701
0.488
0.264
0.156 .
0.15%
0.151
0.146

0,484
0.19%
"0001’3

0.618
0.339

0.100
0.006

-OZ- '



RUN

NO,

603
6N1
599
595
593

597 °

605
607
609
611
615
613

627
625
623
617
621
619

WATER

TYPE (PSIA) (DEG.F)

HOH
HOM
HOH
HOH
HOW
HOH

HOH

HOH _

HOH
HOH
HOH
HOH

HOH
HOH
HOH
HOH
HOH
HOH

PRIS=
SURE

2200
2200
2200
2200
2200
2200

2200
2200
2200
2200
2200
2200

2200
2200
2200
2200
2200
2200

TABLE 2 (Continued)

CRITICAL. HIAT FLUX CONDITI (NS

INLET
TEME,

49¢
495
496
. 496
497
495

S47
S5&7
54 &
SL7
S&46
547

597
597
597
597
600
596

INLET
ENTHALPY

(RTU/L8)

' b83
682
483
483
485
482

S4h
Shi
545
Shi
543
543
6510
610
610
610
513
608

. MASS
- VELOCITY
X10-6

ALB/HR=~.

FTSQ)

0.240
0,491
0.992
1,984

3.000
24993

0,264
0.49%
0,988
1,980

. 1.990
3,050

0.248
0.985
-1.000
1.962
2948

HEAT
FLUX
X10-6

(BTU/HR-
FTSQY

'0.155
0,233
0.352
0.616
0.882
0.885

0.139

04210
- 0.296
" 0.504

0.502
B.724

"0.123

0.178
0.236
0,236
0.389
0.572

CALCULATED
EXIT
ENTHALPY

(3TU/LB)

931
857
757
723
712
711

988
873
776
Thy
738
727

992
890
795
792
767
758

CEXIT

EQUILIBRIUM

QUALITY

0.672
D.388
D146
0.065
0.040
0.036

0.688
0.418
0.190
0107
9.100
0074

0.698
0.458
0.236
0,228
0.168
0.147

-1Z-



RUN
NGO,

559
561
563
569
565
567

194
554
553
192
196
555
632
636
557
614

118
120
122
186
12%
124
126

WATE®
TYPE

HOH
HOH
HOH
"HOH
HOH
HOH

" HOH

HOH -
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH

HOH
HOH
HOM

HOH

HOH
HOH
HOH

PRES-
SURE
(PSIA)

400
%00
4Loo
400
400
400

800
300
890
800
800
Rno
800
300
800
800

300
00
Ang
800
ROO
800
800

TABLE 3,

Light Water

ORISSURE OROP CONDITIONS
AT 98 PFR CENT CHF POWER

INLET
T8>,
(DEG. F)

1y
197
195
1956
195
136

197
197
197
198
197
195
197
195
195
136

398
398
398
397
398
398
3983

INLFT
ENTHALPY
(BTU/LB)Y

16F
166
165
165
165
165

167
167
167
1614
167
166
167
165
166
166

373
74
374
373
70
374
374

MASS

VELOCITY

X10=-6
(LB/HR=
FTSQ)

0. 245
0.357
Do 493
0.490
0.735
0,983

0. 265
0,201
0.362
0.495
0. 482
0. 485
0. 494
0.u88
Ca7L3
0.983

0. 250
0.493
0.999
1.009
2. 000
1,958
2. 907

HEAT
FLUX
X10-6
(BTU/HR~
FrYsay

0.285
Dete11
0.515
0.499
0,658
0.775

0,269
0.279
Dolb11
0,467
0,454
0.535
0.561
0, 544
1,704
0.818

0,238
00439
0.657
0.637
0. 852
0.842
0.920

CALC,

EXIT
ENTHALPY
{(B8TU/LB)

1067
1056
973
951
857
774

952
1063
1046

895

394
1019
1013
1028

839

808

1108
1062
882
861
703
705
615

EXIT
ZIQUILIBRIUM
AUALITY

0,823
0.809
0.702
0. 675
0.554
0,403

0+ 6k2
0.802
D.778
0,559
0.557
0.738
0.729
8.752
0.564
0.L33

0.8568
0.801
0.539
0.509
0. 280
0.282
0.152

TAP=TAP
PRESSURE
oRJIP

(PSIY

3.865
6.706
9.31¢
8,928
13.501
17.543

2.507
2.512
3.822
%4644
4.548
5 .345
5.470
5.478
7.722
9,202

2.427

5.558
11.249
11347
18.206
18.058
21.08%

-zz-



RUN
NG,

148
152
150
571
572

116

114

112

184

108
106"
110

64.
66

T4

.176

72

142
164

575

WATER
TYPE

HOH
HOH
HOW
HOH

" HOH

HOH
HOH
HOH
HOH
HOH'
HOH
HOH

HOH
HOH

" HOH

HOH
HOH
HOH.
HOH

HOH

HOH -
HOH

TABLE 3 (Continued)

PRISSURE OROP CONDITIONS
AT 98 PER CINT CHF POMER

MASS
o VELOCITY
PRES~- INLET INLET X10-6
SURE TEMP, ZINTHALPY (LB/HR~

(2SIpY  (DEG.F) (BTU/LB) FTSQ)

1200 198 169 0.251

1200 1-98 169 0,253
1200 198 1569 0.501
1200 195 167 0o 734
12ng 196 167 0. 9814
1200 398 374 0,258
1200 397 373 0,499
1200 398 .. 374 - 1,005
1200 397 374 0972
- 4200 3938 374 1,993
1200 398 374 2. 986
£200 398 374 2,975
1200 %99 " 486 0.256
1200 498 %86 0,494
1200 %98 486 1,022
1290 498 485 1,025
1200 4 98 485 1,015
1200 ‘498 - 486 1.998
1200 %98 - 485" 2.981
1600 198 170 0250
1600 198 170 0492

1500 196 168 0.985 ‘

HEAT
FLUX
X10-6
(BTU/HR~-
Frsay,

0.280
0,287
0691

Cs643
De7%2

0.214
0,406
De S74
0.571
0723
0.881
0.866

" 0.206

0,348
0. 480"
De 475
0. 473
0.5804

0.621

0. 262
0,438
0.683

CALC. .
=XIT
INTHALPY
(BTU/LB)

1032
1046
925
843
751

1017
1001
816
327
654
602
- 599

1108
1031
849
843
- 84S
711
646

979

- 859
704

EXIT
£UILIBRIUM
QUAL ITY

0.751
0.774
0,577
No bieh
0.293

0.727
0,701
0.398°
Dol 7
0.135
0.0%9
0085

0. 876
0769
0, 452
0o bbb
0,647
0.228
0.122

0.658
0.436
0.1%9

TAP=TA?
PRE SSURE
DRIP
(PSI)

2.23% "
24272
3.534
be57%
5.347

2.003
3.268
6.179
64152
8.532
11086
10,354

1.898
3.763
65,821
6.320
64833
114445
14,108

2.131
2.883
3.874

-EZ-



“RUN
NO.,

94

96
100

98
182
102
104

17h
172
1656
168
170

36

33
40
164
42

<

46

LY

138
140
190
Sr?7

WATEF
TYPE

HOH
HOH
HOH
HOH
HOH
HOH
HOH

HOH
HOH
HOH
HOH
HOH

HOH
HOH
HOH
HOM
HOH
HOH
HOH

HOM
HOH
HOH
HOH

PRES=
SURE
(PSIA)

1600
1500
15600
1500
1600
1500
1500

1600
1600
1600
1500
1600

1600
1600
1500
1600
1600
1600
16500

2000
2000

2900
2000

TABLE 3 (Continued)

PRZSSURE DROP CONDITIONS
AT 98 PER CENT C4F POWER

INLET
TEMuP,
(DG F)

x98
398
398
393
397
399
400

497
498
497
%97
%97

548
58
548
548
549
549
S5h3

198
138
197
135

INLFT
ENTHALPY
(3TU/LB)

375
375
375
376
374
376
377

4.7
485
WG
48
WG

546
546
546
546
547
547
S5&5

171
171
170
169

MASS
VELOCITY
X10-6
(LB/HR~
FTSQ)

B.249
0.495
0.498
0,987
1.02¢
1,986
3.017

0,252
0s513
0,981
1,972
2.992

0.259
0.502
1.027
1.003
2.027
1.989
3. 007

0,253
0e497
0.495
N.983

HEAT
FLUX
X10-6
(BTU/HR-
FTSQ)

0.207
0. 331
00334
0. 482
D.432
0.735
0.976

0.18%
0.291
0,412
0.513
0,668

0.169
0254
0e354
0.350
0.406
0. 415
0.498

0.243
0397
0.406
D.646

CALC,

EXIT
INTHA:LPY
(3Tus..8)

1017
893
892
753
746
662

627

1046
923
808
684
657

1051
937
813
815
702
708
673

912
r87
803
676

EXIT
EQUILIBRIUM
QUALITY

0.728
0.0498 "
0. 498
0.240
0.227
0.070
0,005

0783
0.556
0,382
0.112
0.060

0.793
0.580
0. 350
0.355
0e1ll
0.156
0.092

0,518
0.248
0,282
0.010

TAP=-TA?
PRESSURE
ORJ?

(PSI)

1.852
2.719
2.736
4,067
 B.14b
6e311
9.078

1.588
2.739
b.466
6.849
10.348

1.515
24522
4.693
4.50%
7.725
T+3>99
'11.586

24178
25876
24637
3.308

-172-



RUN
NO.

139
132
136
135
188

92
99
75
83
73
89
180
82
86
86

62
60
S8
56
178
-1

WATE®R
TP

HOH
HOM
HOH

HOH
HOH

HOH
HOH

HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH

HOM .
HOH
HOMH
HOH
HOH
HOH

PRES~-
SURE
(PSIA)

2n00
2000
2000
2000
20080

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

2000
2000
2000
2000
2000
2000

INLET
TEM,
(DZGe F)

298
299
299

298
304

397
398
398
398
399
398
398
398
. 398
398

93
%98
593
98
497
99

TABLE 3 (Continued)

PISSURE DROP CONDITICNS
AT 98 PER CENT CHF POMWER

-MASS -

- VELOCITY

INLET
SNTHALPY
(BTU/LB)

271
27?2
273

271
278

375
375
375
375
- 376
375
375
375
375
375

485
486
486
486
485
(N} 4

X10~-6
(LB/HR=-
"FTSQ)

0.251
0,500
1.033

1,987
20 0%t

0.259
0.436
1.004
0.999
1.515
1. 97%
2.012
24472
20941
3, 484

0.253 .
0.499
1. 040
2.006
2.038
2.980

HEAT
FLUX
X10-6
(BTU/HR-
FTsQ)’

0.220
0« 348
0. 565

0.982
1.016

0.198
0,298

00448
0o 462
0617
0,777
0.790
0.950
1.110
1,243

0,164
0,261
De 348
0e 566
0,581
0.802

cALC.

EXIT
INTHALPY
(BTU/LB)

948
811
695

653
662

964
839
719
732
690
679
678
672
666
650

985 -
859
Thiy
704
705
694

EXIT
ZIQUILIBRIUM
NUALITY

0.53%
0.299
0,050

- 0.040
-0,02%

0.629
0,31
0.102
0,130 .
0,039
0.015
. 014
0. 000
'0.012
0. 046

D674 -
0.403
0.155
0.069
0.072
0. 009

TAP-TAP
PRE SSURE
DRI
(P3I)

240043
2.616
3.593
5.592
5.373

1.88%
2.465
3.322
3.378
%.485
5,540
5,596
7.0%%
8,582
9,767

1.739
24500
3:%93
65.340
6e024
9.752

-gz-



RUN
NG,

34
32
26
28
162
30

29
22
2%
48
52
160
50

579

581
583

588

5919
585
592

WATER
TYPFE

HOM
HOM
HOH
HOH
HOH
HOM

HOH
HOH
HOH
HOH
HOH
HOH
HOH

HOH
HOH
HOH

HOH
HOH
HOH
HOH

PRES-
SURE
(PSIA)

2000
2000
2000
2000
2000
2000

2000
2000
2000
2900
2000
2000
2000

2200
2200
2200

2200
2200
2200
2200

TABLE 3 (Continued)

PRESSURE OROP CONDITIONS
AT 98 PER CENT CHF POWER

INLEY
TEM>,
(DZG. F)

548
547
548
549
547
548
598
598
597
598
598
595
598

195
197

197

397
398
397
397 -

INLET
ENTHALPY
(BTU/LD)

545
544
546
546
54l
546

612
h12
611
511
612
508
611

170 .
1710
170
375
375

375
375,

' MASS
VELOZITY
X10-6
(LB/HR~
FTSQ?

0.261
0.501
1,031
2.008
1.971
3.006

0,251
0.505
1.038
2,016
2,024
2,036
3.006

0.250
Do 496

0. 98%

Oe 260
0. 490
0.981
.14970

HEAT
FLUX.
X10-6
(BTU/HR~
FTSQ)

D.148

0e215

0. 295
0. 461
0.454
0.6456

0.124
0,184
0o 284
0.338
0.340
0e347
0. 489

0.232
0e 381
0653

0.178
0.290
0,469
0.81%

CALC.
EXIT

- ZNTHALPY

(BTU/L8B)

98%
876
767
723
r22
712
993
89%
793
7hy
Thy
740
737

885
767

682

946
832
729
6934

EXIY
SQAUILIBRIUM
QUALITY

0.671
0o 439
0.20%
0.111
0.107
0.086

0,690
B 478
0. 261
D.1%9
0.1%9
0.146

e 140

0o kb7
0,168
-0,030

0« 5990
0. 321
0.0793
“0.003

TAP-TAP.

PRESSURE"

DROP
_(PSI)

1.529
2292
377
6,050
6.124

 10.455

1.627 .
2235
3.630
6.889
beB8H2
bs766

12.310

2.171
254%
3.219

1.838
2.%05
3.183
5.517

-9g-



RUN
NO:O

604
602
6039
596

598.

594

606

608
610

612

616

614

628
626

624 .

- 618
622
621

WATZR
TYPZ

HOH
HOH
HOH
HOH
HOH
HOH

HOH
HOH
HOH
HOH
HOH
HOH

HOH
HOH
HOH

HOH . -

HOH
HOH

PRES-

SYRE
(PSIA)

2200
2200
2200
2200
2200
2200

2200
2200

2200
2200

2200
2200

2200
2200.
2208
2200
2200
2200

TABLE 3 (Continued)

PRZSSURE DROP CONDITIONS
AT 98 PER CENT CHF POWER

INLET
TcM2,
(DEG.F)

495
595
496
597
%95
599

547
548
548
548
547
549
598
597
597
597

598
595

INLEY
SNTHALPY
(BTU/LB®)

483
482
433
4B
483
486

544
545
545
545
Stk
546

511
610
610
609
611
607

MASS
VELOCITY
" X10-6

(LB/HR=

FTSA)

0.239
0.%91
0.989
1.982
2.983
20994

0.239
0:492°
0.98%
1,982
1.982
24998

0.246

- D490

0,983
1.002
1.975
2972

HEAT .
FLUX
X10=-6
(BTU/HR~
FTS@)

0.150
0.232
0.363
0.610
0. 876
0. 877

D. 134
0206
0. 291
0.499
0,495
0.709

0.117
0.17%
0.229
0,230
0,376
00557

CALC.

EXIT
ZNTHALPY
(BTU/LB)

966
846
751
r22
710
713

9738
868
773
739
736
729

9380
884
7390
786
758
752

EXIT

SQUILIBRIUM
AUALITY

0.638
0.356
0.131
0.062
" 04035
00001

0.665
0. 487

0.182
0.104

0.097
0,079

- 0669
0, 45
0.222
0.214
0o 148
0.13%

"TAP=-TAP

PRz SSURE

OROP
(PSI)

1.589

2313
6,267
11.136
11060

1.581
2.236
3.287
65.304
6.592

12.479

1.455
2.110
3.2649
3.318
7014
13.221

§
N
~
J



RUN
‘NO,
586

1204
9

10
S47

[ ]

384

1544

549

154
[4

153
548

184
15%

1556

Lo

WATEP
TYPE
HOH
HOH
MOH
HOH
HOM

HOH

HOH

HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH

HOH
HOH
HOH
HOH
HOH
HOH

TABLE 4. Light Water

SINGLE PHASE ,
. PRISSURE DROP CONDITIONS

' MASS
, o _ VELICITY

o 23ES~  INLET. INLET X10-6
RUN SURE TEMP, ENTHALPY (LB/HR-

TYPZ (PSIA) (DEG.F) (BTU/LB) FTSQ)

IS0 800 1a7 167 0,493

IS0 800 398 378 1,05
IS0 1200 199 170 0. 256
IS0 1200 1a9 169 0.989
ISO 1200 a7 168 0.952
ISO 1200 497 435 0.258
IS0 1200 b8 485 0.990
IS0 1500 S5t8 545 1,034
IS0 2000 198 471, 0.258
IS0 2000 196 169 0.283
IS0 2000 197 169 0. 262
IS0 2000 197 169 0.287
IS0 2000 198 174 0.976
IS0 2000 199 172 4331
IS0 2000 198 170 W.431
IS0 2000 197 . 169 4,523
IS0 2000 598 612 0.251
IS0 2000 599 61 0.257
ISO 2000 597 611 0,242
IS0 2000 538 6132 1.021
IS0 2000 598 612 3,477
IS0 2000 537 610 3,608

HEAT
FLUX
X10-6

(BTJ/HR-

FTSQ!

L X
- -
L
X W
L
L X
- e

CALC. TAP-TAP
EXIT  PRZSSURE
ENTHALRY

(BTJY/LB)

167
376
170
169
168

485

485

546

171

169
169
159
171
172
170
169

512
b1t
611
613
612
610

DROP

(PST)

2.928 .

2803
3.377

3. 361.

2¢ 305
2. 835

2+ 759

2,826
2,814
2.813
2¢ 831
3.377
12202
13, 481

2. 029
2. 039
2, 044
2. 816
8. 977
8.805

REYNILDS: FRICTION

NUM3EZR

20500
97700

10400

41300
%1100

31500 -

122000
1#0?00
10800

10100
10000

1193010

b1100
183300

188500
188800

38500
37300
35500
1515600
516700
533300

FACTOR

.« 02507
" «01769

.02779

«02202
02172

 .01908
+01682

.01583

« 03304
02886
02923
02846

e02241
01651

01631
«01818

«01906
v92402

+02618

«02016
«01431
«01302

U
N
o]

]



RUN
NO,

630
629

WATER
TYPE -

HOH

HOH

HOH
HOH
HOH
HOH

. HOH -

HOH:
HOH

HOH

" HGH

HCH
HOH
HOH
HOH

TABLE 4 (Continued)

SINGLE PHASE
- PRZSSURE DOROP CONDITIONS

-62-

MASS  HEAT | -

| : VELOCITY  FLUX CALC. TAP-TAP o

. © RES= INLET  INLIT  X10-6 = X106 SXIT  PRESSURE " EXPER.

RUN . 'SURE  TEMP,  ENTHALPY (L3/MR- (BTU/HR- ENTHALPY DROP  REYNILDS FRICTION
TYPZ - (2SIA) (DEG.F) (BTU/LBY  FTSQ)  FT5Q) (BTU/LB)  (PSI)  NUMIER  FACTOR
IS0 2200 = 196 163 2,958 ——-- 169 7,691 123000  .01956
IS0 . 2200 597 610 2,991 —--- 610  10.105 . 441200  ,02259
HTB.. . 1200 198 168 2.96% 04296 © 245 6,791 -meee -----
HTB 1200 198 168 2.96% 0,894 - 297 6,665 i =eeas ———--
HT3 '~ 1200 198 168 2,962 0+691 . | 349 °  6.602 -—--- --e-
HTB . 1200 - 203 174 2,960 0.791 380 6,588 ~  =-=-- -—---
HTB © 1200 397 373 © 2,978 0.296 450 6,699 =-eae e

MTB® 1500 398 374 2,960 0,492 502 6,694 =-e-- ————-
HT8 1200 398 376 20923 0.59?2 557 . 7.3604 | emwes cooma
“HTB . 2000 398 375  2.978 0.095 %00 - 6.693 ----- ————-
HTS 2000 398 375 2,982 0.29% 451 6,696 .. =mee- ————-
HT8 2000 397 374 3.002 0.298 850 60759 - =-e-e N
HT8 2000 398 375 2.983 0.%91 502 .  6.751 ———-- ————-
HTB. © 2000 - 398 = 375 2,98% . 0.59%. 555 6781 - =eeo- ———--

‘HT B 2000 393 375 2.971 0.589 . 554 ' 6,811 svese dadadeded



RUN
NO.

433
L 2.3
479
%85
L77

«75

%5
%50
465
Le67
448
.52
469
L7
L7s

419

807
409

L3581
617

W1y

$15

WATER
TYPE

00D
000
poD
00D
000

D0D

000
DOD
020
00D
000
00D
00D
D0D
DOD

000

000
000
000
00D
00D
D00

SRES-
SURE
(PSIA)

401
401
801

402
400
800

890
800D
80D
800
800
800
800
8090
800

8098

800
8o0o
800
Ao0D
800
803

TABLE 5,

CRITICAL KEAT FLUX. CONDITICNS

INLET
TEMP,
(DZGeF)

196 .
197
196
196
196

136

197
197
195
136
196
197
196
196
196

297

‘397
397
397
395
398
‘395

Heavy Water (99.84%)

INLET
ENTHALPY
(BTU/LB)

159
160
159
159
159

158

160
160
159
160 -
160
161
159
160
160

261

- 361
361
361
360
362
359

MASS
VELOCITY
X10=-5
(LB/HR=-
FTSQ)

Q Q@
e o o
& W
® ~NW
[~ 3 —N~J

0.492
0,733

B.970k

0.251
0.268
0,241
00360
0,490
0.490
0.488
. 0.738
04975

0.257

D20

T 04895

0.977
0,993
1.971
249656

HEAT
FLUX
X10-6
"{BTU/HR~
FTSQ}

0.265
0.37%
0.48%
0.4939
0.625

0.759

0.27%
0.258
.0.258
0.376
- 0.512
0505
0,503
0.675
0.787

0.257

0.218
0.b12
0.593
0.597
0.771
0.848

cALCULATE®R
EXZIT
INTHALPY
(3TUsLB)

977
941
925
929
818
7614

1011
954
935
957
958
358
957
- 856
783

1034

1050
100&
830
824
6hlk
580

EXIT
EQUILIBRIUM
QUALITY

0.801
0,750
0.727
0.732
0,575
0.49%

0.817
8.756
0.730
0.761
0.763
'U.?bB
0.745
0.599
0.466

0.869

0.896
0.824
0,542
0,531
0.274
N.133

-OE-



RUN

639

Wbl

458
Gul

»87 .
639

405

403

401

397

395
399

332
328

326
330
379
326
322

437"

§5%

435

456
S 4%

~ WATER
NO, -

PRES=
SURE

TYPE {(PSIA)

DoD
D00
Doo
00D
000
00D

00D

00D
000
00D
DOD
00D

000 .

00D
000
DOD
00D
00D
000

- 00D
00D
DoD
oD
Dop

1280

1200
1200
1200
1200
1200

1200
1200
1200
1200
1200
1200

1290
1200

- 1200
1200

1200

1200

1200

‘1600
1600

1600
1600
1600

TABLE 5 (Continued)
CRITICAL HEAT FLUX CONDITIONS

INLET
TEMP,
(DEGF)

197
196 -
196
196-
196
197

397
397
397
397
397
396

496 -
496
498 -
497
%96
497
%97

197
197
197

496

197

INLET
ENTHALPY
(8Ty/LB)

161
161
161 -
161
160
161

362
361
. 362
362
362
361
465
467
469
%67
k66
467
467

162
162
162
162
162

MASS
VELOCITY
X10=-56
(LB/HR~-
FTSQ)

0,252
0.255
0252
0.488
D.736
8,983

0.236 .
‘0,495
0{957
1.978
2946
2.952'

0.2514
0. 477
00993
0.992
3.972
1970 -
24966

0.243

0.250
B.492
D.%88

0974

HEAT:
FLUX
X10-6

- (BTU/HR~-
FTSQ)

0.274
- 0.277
D.273
0,460
Deb11.
0.703

0.208
0.385
0,535
0.689

D824
0,829

0.191
0,319
Do 132
0.432
0,427

0.545
0582

0.250
0.256
G.520
YL
0.651

SALCULATE)
EXIT-
ENTHALPY
(8TUY/LB)

1002
1000
999.
890
801
T1%

1042
962
794
631
578
578

1053 -
983
805
8oL
806
689
518

958 -
952
821
832
679

EXIT.
EQUILIBRIUM
QUALITY

0.818.
D814
0.811
D.612
D051
0.292

0.891
0765
0,438
0.140

'000“3
0.044

0.911
0.7&3
D.458 -
D.&55
0.459
0.239
0.117

0,701
8.728
0.455
D.476
0.158

-Ic-



TABLE 5 fContinued)

CRITICAL 4EAT FLUX CONDITIONS

MASS HEAT
A VELOCITY FLUX CALCULATE?D
.PRES~ INLET INLET X10-6 X10-6 EXIT EXIT
RUN WATER SURE TEMS, ENTHALPY (LB/HR= (BTU/HR= =INTFALPY EQUILIBRIUM
NO, TYPE (PSIA) ([EGLF) (RBRIU/LAY FTSG) FTSR) (3TU/L8B) QUALITY
38 DND 1600 398 " 363 De247 0.198 " 982 0.789
385 DOD 1600 397 362 0,491 0.316 6§60 0.535
389 poo 1600 397 362 0.%39 00312 856 0.527
387 00D ~ 1600 398 363 0.982 0,477 738 0.281
391 DOD 1600 398 363 1.948 0677 632 8.060
39% 00D 1600 397 363 2,954 0.926 605 0.00%-
316 DOD 1600 496 565 0,249 0.1714 996 0.820
370 e o]o) 1680 497 W67 0.245 . 0.167 " 994 9.814
314 . DOD 1600 496 465 0.488 0.261" 877 0572
368 DOD 1600 497 466 ‘De%9% 0.262 ' 3876 0.570
312 pon 1600 %98 467 C Be977 . 0.331 769 0.345
366 DoD 1610 497 466 0,983 0.385 768 0,345
318 DOD 1600 497 466 1.973 D.&86 657 0.112
372 DOD 1610 493 468 1.975 0.%486 657 o111l
320 DOD 1670 %97 466 2.941 0.617 6528 0.053
374 90D 160 699 469 2,943 06612 530 p.956
291 300 16D0 Suv? 524 0.246 0.155 1310 0,848
292 300 1600 - 585 524 0.487 ‘0.232 . 392 0.603
294  DOD 1600 - S47 525 0.982 0.320 rre 0.362
296 DOD 16DD 545 524 1,993 0,395 577 0.155
300 DOD- 1600 S48 525 1.983 0. 39% 579 0.159

298 DOD  163p 548 526 2,949 0. 4684 - Ba7 0.093

-ze-



RUN
NG.

31
429
433
542

621

423
425
%27

334
361
336
359
338
Ju2
157
364
340
355
3%
‘346
3%9
351
353

T

WATER

PRES-
SURE .

RPITICAL HEAT FLUX CONDITIONS

INLET
TENP,

TABLE 5 (Continued).

INLET
ENTHALPY

TYPE (PSIAY (DEG.F) (BTU/LB)

000
000
00D
00D

000
DOD
Doo
Don

00D
000
DOD
000
00D
00D
DOD
00D
0OD
00D
00D
00D
DOD
00D
300

2000
2000

2000
2000

2000

2000

2000
2000

- 2000

2000
2000
2000
2000
2000
2000
2000
2000
2000

2000 °
- 2000

2000

2000 |

2000

197
197
197
197

297
298
298
297

398
397
396
397
397
397
397
397

397 -

397
398
400
396
396
- 398

163
163
162
163

263
264
263
262

363
363
362
363
363
363
363
362
363
363
363
366
361
361
- 36h

MASS
VELOCITY
X10~5
(LB/HR =~

FTST)

0.253
0.%90
"Beh91
0.979

D.252
0.489
0.980 -
1,962

0.243
D.263
0,493
000493
8.981
0.992
0.968
9.979
1.481
1569
1,979
2.4bh
2948

T 3ek21

HoaT
FLUX
X190-6
(BTU/HR~
FTSQ) .

0.236
0.378
i 378
0.618

0.212
0.328
0.521
0.923

0,177
0.179
0.282
0.282
0.%23
0,428
0.423
D¢ 425
0.577
0,573
0.732
0.724
0,895
1.039
14179

SALCULATED
EXIT
INTHALPY
(BTU/LB)

883
758
757

651
912
783
676
626

926
934
804
. 805
696
596
700
698
564
664
549
651
642
633
630

CEXIT
EQUILIBRIUM
AUALITY

0.577
D.274
0.270
0,012

0.647
0.333
n.069
"000"8 .

0.68%1
N.69%
0.385
9.388
0.123
0.122
0.131
0.127
0044
0.045
0.009
0,012
~0.909
=0.030
~0,038

-SS-



TABLE 5 (Continuad)
CRITICAL HEAT FLUX CONDITIONS

"MASS HEAQT

) VELGCITY  FLUX CALCULATED :

PRZS= . INLET INLET X10-5 X10-6 EXIT EXIT
RUN WATER SURE - TEMP,  ENTHALPY (LB/HR= (BTU/HR- ENTHALPY EQUILIBRIUM
NO. TVYPE (PSIA) (DEG.F) (BTU/LB} FTSR) FTSQ) (8TU/L8) QUALITY
306 DOD 2000 %96 465 0.237 - 0e147 Iub 0,726
308 00D 2000 %96 465 B.492 0.232 830 0.%48
310 DOD 2000 497 465 0,975 8.327 726 0.19%
302 DOD 2000 4956 %65 1955 9.519 670 0.052
304 DOD 2000 %96 465 2,929 0.7 39 660 0.03%
288 DOD 20040 S45 521 0,25k 0,134 946 0.729
286 DCD 2000 €45 521 0,486 0,204 846 D486
284 DOD 2000 €45 520 8.979 0.282 743 0,236
280 DCD 2000 545 520 1986 0.%29 687 0.101
282 DCD 2000 S47 523 20963 0,591 677 0.076
268  DOD  290¢€ 595 585 D.238 0.1t 945 0.729
270 DOD 2000 596 587 0.t93 0.173 858 0.516
272 DOD 200¢C 598 591 0,996 0.230 7€9 0.300
27 DOD  200¢ 595 586 1.963 0.316 710 04156
278 DOD 2000 597 588 1,968 0,304 710 0.156
26 DOD 2000 597 539 2,913 0e439 . res - 0.143
S¥6 DOD 2201 <97 163 Do2u0 0.220 8c9 © 04515
538 J0D 2200 14 163 0,89% 0+366 726 0.186
S&0 D00 2200 197 164 0,981 0619 - 654 “0.039
53 000D 2209 397 363 0.237 0,167 a7 0.642
S32 DOD 2200 396 362 0.%92 0.274 757 0.323
530 DOD 2200 396 361 0.977 0.425 697 N.088%

528 DOD 2200 397 363 1.967 0.770 665 -0.003

-17€-



RUN
NG,

524 -

522

503 .
499 -

. 501

528

548
520
505
%91

515 -

' 59%
511
509
sor

513 -

%97
%95

WATER
TYPE

000
DoD
.J00
- 00D
00D
00D

pop

00D
000

- DOD

00D
DOD

ooo
Doo
ooo
00D
00D
DOD

PRIS-
'SURE

(PSIAY -(DE5.F) (BTY/LB)

2230
22970
2200
2280
2280
2200

2200
2200
2200
2200
2200
2200

221070
2200
22¢0
2200
2200
2210

. TABLE 5 (Continued) ‘
CRITICAL HEAT FLUX CONDITIONS

INLET
TEMP,

| %98 -

498
497
496
%95
498

%4
547
SL7
5%9
- 548
174
597
597
598
597
598
597

INLET
ENTHALPY

W67
LY 4
466
- W6l
46%
466

522
523
523 .

. 525

. 523
- 523

587
587
588
588
.. 589
587

MASS
VELOCITY

- X10-6

(LB/HR~
FTSQ)

0.238
D.%89
0,987
1974
24953

© 24947

0,243
0,498 °
8979
1.951
1,971
20961

0.235
0.5114
D976
0.995

1982 -

2+976

HEAT
FLUX
X10-6
(BTU/HR-
FTSQ)

0,161
0,218
0.326
0.575
0.817
0,806

0,128
0.194

D271

[ 0.460
0,464
0,663

0,106
0.167
0,216
0,221
0,359

" 0.523

CALCULATED
eEXIT
ENTHALPY
(8TU/LB)

923
811
721
689
678
678

928
823
736
4.4
705
696

935
839
760
759
729
722

EXIT .
EQUILIBRIUM
QUALITY

0.685
'0.386
0148
2,062
0.931
6.031

0,697
0.419
- 0108
0106
0.079

0.717
B.461
0.20%9
0.248
D.167
. 0150

-gg..



TABLE 6, Heavy Water (99,847%)

PRISSURZ DRCP CCNDITIOMNS
AT 98 PIR CENT CHF POWER

MASS HEAT
VELOCITY  FLUX CALC, TAP-TAP
. PRES- INLET INLET X10=6 X10=6 EXIT EXIT PRESSURE

RUN _WATER  SURE. TEMP,  ENTHALPY (LB/4R~= (BTU/HR~- ZNTHALPFY ZQUILIBRIUM  DRI?
NOs - TYPZ. (PSIA) ({DEG.F) {BTU/LB) FTSQ) CFTSQ) (BTU/LB}Y - QUALITY (P3I)
L8h DOD . &OpW® - 196 159 0s248 0. 256 - 955 - 0.769 - 3.602
482 00D %00 197 160 0.370 0,364 919 _ 0,718 5.837
480 DOD - %00 . 196 159 0489 0e&74 908 - 0e703 8.477
486 poD . 00 19% 159 0491 0.479 912 0.708 8,573
478 . DOD %00 19% 1459 0.737 0.613" 801 0.551 12,728
476  DOD. 400 - 195 159 06977 - 07047 749 0.478 17.319
44?7 00D - 800 197 . 161 0. 251 0,266 980 0.78? 2.6549
451 00D 300 197 161 0,247 Do 247 932 0. 706 2.562
466 DOD 800 . 195 159 0o 241 . 0e248 - 954 0o 741 2.568 .
468  DOD s8ng 197 161 0. 360 D¢ 365 94l 0,724 3.575
569 DOD - . 800 - 197 160 0. 491 0.503 952 0,737 5.111
453  DOD - 800 197 1614 00490 0. 492 937 D.713 4,986
470 poo 800 " 196 1690 De 488 Do 491 936 0e712 %.981
472 pDoD 800 196 159 0,740 0.656 845 0. 565 7.129
u7e noo 300 196 160 . 0975 0,774 773 0,649 8,522
420 200 800 29 261 0,255 Co2uL38 1012 0.83% 2.328
408 0od 300 397 361 0o 24a 0.211 1029 0,863 2.287
410 00D 300 397 361 0.495 Ne403 991 0.800 5,%76
442 00D 300 397 361 0,977 0,582 821 0.527 10.31%
418 00D 800 395 359 0e 995 0.587 815 0.517 10,370
b4 00D 801  39b T 360 1.973 0.75% 656 0.261 16, %%

516 000 800 395 360 24969 0.833 577 - 0.132 19,273

-9 g-



RUN
NO.

440

455

459
“.“2

5%

406
LOo%
402
398
396

%00

382
381
378
3810
377
376

638
455
%36
&57
5%5

WATER
TYPE

000D
000D
00D
DOD *
00D

0oo
000
000
D00

D00 -

DOD

00D

000
0oo
00D

00D
DoD

(1]4]0)
000
Doo
300
pDoo

PRS-
SURE
{PSIA)

1200
1200
1200
1200
1200

1200
1200
1200
1200
1200
1200

1200

1200
1200
1200
1200
1200

1510
1500
1500
1500
1500

TABLE 6 (Continued)

PRESSURE OROP CONDITIONS
AT 98 PE? CENY C4F POWER

INLET
TIMP,
(DG4 F)

197
196
196
196

‘197
397
397
398
397
396
395

497
497
%97
%96

598
897

197
197
197

195
197

INLEY
ENTHALPY
(BTU/LB)

161
161
161
161
161

362
361
362
361
361
360

467
h67
Lo7
467
468
468 -

162
162
162
162
162

MASS
VELOCITY
X10=-6
(LB/HR=
FTSA)

0025’_
0,256

0.252
0.486
0,984

0. 236
0. 49
04955
1979
24950
20 U5

0. 242
0,478
0.981
0,978

1.9%5
2.963%

0,243
0.250
0e 492
0,489
0.973

HEAT
FLUX
X10-6
(BTU/HR-
FTSQ)

0.267
04272
0,266
0. 453
0.688

0.202 -
0, 372
0. 527
0,676
0.808
0,812

0.130
0. 314
De426
0. 418
0.536
D.571

0.2404
0.250
0e014
De416
0,637

CALC.

EXIT
INTHALPY
(8TU/LSB)

98%
982
976
880 -
701
1023
944
788
625
573
573
1042
975
802
798
681
617

938
937
811
819
668

EXIT
EQUILIBRIUM
QUALITY

0.78%
0.781
0,770
0,595
0,267

0.855
0,712
8o 427
0+ 130
0,034
0.035

0.890
0.768
0,453
D, 445
0.232
0e11l

0.698
0. 695
0433
0.%50
Ds136

. TAP=TA®
PRZSSURE

CROP

(PSI)

2366
2389
2,390
3.498
5.088

1.893
34552
5.555
B.452
10.878
10.324

1.770
3476
be371
6275
10.5695
13,512
24230
2429%
2.957
2+939
3.902

-LE—



RUN
NO.

- 384
386
390
338
392
3

. 317
371
369
313
367
373
375

291
293
295
297
301
299

k32

L30
&34
S43

WATER
TYPE

000
000
000
000
DoO
000

'DOD
000
00D
000
DOD
DoD
D00

00D
00D
00D
000
00D

00D

00D
non
00D
00D

" PRES-

SUYRE
(PSIAI

1600
1600
1600
1600
1600
1600

1600
1600
1600
1600
1600
1600
1600

1600
1600
1600
1600
1600
1600

2000

2000
2000
2000

TABLE 6 (Continued)

PRESSURE DROP CONDITIONS
AT 98 PER CENT CHF POWER

INLET
TEMP,
(DEG.F)

398
397
397
398
- 398
396

%96
497
497
597
497
%99
500

547
546
- 5L7
566
548
1Y)

197
197
197
197

INLET
ENTHALPY
(8TU/L8)

363
363
362
363
363
3614

466
466
467
MB7
866
468
k70

52%
524
525
524
525
526

163

163
163
163

MASS
VELOCITY
X10=56
(LB/HR~=-
FTSQY

0.246
0. 490
D488
0.983
1. 949
2.95%

0.248
0e245

. 0o 490

Be 977
D.983
1.970
2+ 926

0,264
0.488
0983
2.000
1. 9956

24954

De 253
0. 491
0.490
0.979

HEAT
FLUX
X10~6

(BTU/HR-
FTSQ)

0.19%
0. 310
0. 386
0,470
0. 664
0906

0.167
0+165
+259
D¢ 371
D.379
0. 478
0,599

D.151
0,227
Do 314
0,387
D.387

0s 457

0+ 230
0370
0. 371
0.607

CALC.
EXIT
SNTHALFY

(BTU/LE)

971
851
846
732
626
598

987
986
872
760
764
655
628

1003
884
772
673
675

645

865

745
7u?

642

EXIT
EQUILIBRIUM
QUALITY:

0.767
0.517
0.507
0,270
0,049
=0.010

0.799
0,798
04560
0.328
0e336
0. 110
0.053

0. 8304
‘0. 586
0. 352
Belb47
M. 150
0.088

Ne533
0.241
D, 247
-0.008

TAP-T4P
PRESSURE
_DRIP
(PSI)

_1.896°
2.762
2.761

8,207

6+185
9,251

1.783
1.59%
24555
4,377
4,533
6,845
10.093

1578
2.538
b.432
7.253
7,286
10.739

2.26h
2.714
2.715
3,447

-88-



RUN
NOs

422
424
428

362
369
358
- 365
356
347
358
352
354

‘o7
309

311

303
305
289

287
2385

281

283

WATER
TYPE

00D
00D

DoD

D0O.

000
DoD
00D
DOD
DOD
30D
00D
000

000
DoD

00D -

-D0D
" 000

-DOD
DOD
DoD
J00
DOD

. PRES~

"SYRE

(PSIA)

2000
2000

2000

2000
2000
2000
20080
.2000
2000
2000
2000
2000

2000
2000
2000
2090

2000

2809
2000
2000
2000
2900

TAELE 6 (Continued)

PRESSURE DOROP CONOITIONS
AT 98 PER CENT CHF POWER

MASS
VELOCITY
INLET INLET X106
TEMP,  ENTHALPY (LB/HR~
(0ZG.F) (BTU/LB)  FTSQ)

297 263 0.251
297 263 0,488
296 - 261 1963
397 36% 0.262
397 363 0491
397 | 362 0e 967
‘396 362 0,981
397 363 1,468
%01 366 1.959
39 . 361 2,469
"395 360 2. 956
397 362 3,425
497 465 . 0.235
%496 465 0. 492
%97 466 8.975
%96 .. 465 .14 950
%95 " 4bh 2. 925
545 521 0o 24%
545 521 0. 485
545 . 520 0,978
‘S 520 . 1,991

S47 - 523 2.96%

HEAT
FLUX
X10-6

(8TU/HR=

FTSQ)

0.206
0323

0,908

0.176
0.278
0+ 419
0o413
0567
0e 712
0.878
1.019
14146

0,142
0.227
fe319
0:511

0s 130
0.202
0.276
0. 423
0.583

CALC.
EXIT -
INTHALPY
(37U/LB)

897
774

619

923
800
697
688
661
(134
636
627
621

933
821
718
667
.656

933
B4k
738
684
675

EXIT
EQUILIBRIUM
QUALITY

0.611
06312
‘0. 066

0,675
0,375
0.125
0,102
0.038
"0.003
«0,02%
=0.0%6 "
-0. 060

0,697
0. 425
0177
0,052 .
0.028%

0.700
0. 481
0225
0.092
0.071

TAP-TAP
PRES3URE
DRoOP

(PSI)

2.082
24527

5.%35

1.955
2.587
3.415
3,396
he3by
5.502
6.858
B.l2%
10.219

1,730
2.%35
3.438
5.529
8.310

1.529
2303

3.504

5.979
9,728

-6€-



RUN
NO,

269
271

27%

275
279
277

537
539
541

535
533
531
529

52%
523
SnG
500
502
527

WATER
TYPE

poo
DoD
DoD

000
00D

D00

noo
000
DoD

000
00D
00D
000

poo

DoD

noo
N0D
00D
DOD

PRES~-
SURE
(PSIAY

2000
2000
2000
2000
2000
2000

2200
2200
2210

2200

2200
2200

2200

2200
.2200 .
2200
2200
2200
2200

TABLE 6 (Continued)

PRESSURE DROP CONDITIONS
AT 98 PER CENT CHF POWER

INLET
TEMP,
(DEGWF)

595
59€.
598
5 9L
596
596

197
- 197
197

3ar
396
395
396

593
593
Lkar
435
49%
497

INLET
ENTHALPY
(BTU/L8B)

585
587
5910
585
587

588

163
163
164

353
362
361
362

467
k67
466
464
462
466

MASS

WELOCIT ¥

X10-6
(LB/HR~-
FTSQ)

8.233
3. 491
0. 99
1.968
1. 974
2927

0. 243
0,094
0.981

0,236
0.492
0,982

1.967

0.238
04488
0,983
1.977
20962
2.953

HEAT
FLUx
X10-6
(BTU/HR=
FTSQ)

0.100
0.170
0e226
0,309
0.303
0,432

0.214
0,363
0.607

J.164
0. 264
0,416
Ne 755

0.137

06213
0318
0.562
Ne. 799
0,790

CALC.

EXIT
ENTHALFY
(BTU/LE)

917
854
765
706
705
702

84?2
730
641

897
776
688
658

913
8ok
716
683
671
672

EXIT
EQUILIBRIUM
QUALITY

0.658 -
0507
0. 230
0.147
De 145
0,137

Ne 470
0,171
'00056

0.617
0.294
0.059

~0.020

0.659
0.368
- '0.132
0. 046
0.013
0.017

TAP=-TAP
PRZSSURE
ORJP

{(PSI)

1.47%
2.232
3.548
6.308
6.271
10.899.

2.343
2.7041
3.353

1.984
2.515
3,252
54352

1.781
2¢353
3.263
50895
9,981
9.401

-017-



RUN
NO,

519
521
506
692
515
9%
512
510
508
516

%98
%96

WATER
TYPE

DOD
00D
200
00
1000
00D

00D
8 Jolo)
.poo
00D

00D
00D

PRES=-
SURE
(PSIA)

2200
2200
2200
2200
2200
2200

2200
2200 -
2200
‘2200
2200
2200

TABRLE 6 (Continued)

PRESSURE DROP CONDITIONS
AT 98 PERQ CENT CHF POWER

INLET
TEN?,
(NEG.F)

547
547
B4z
547
548
548

597
597
597
597
598
595

INLET
ENTHALPY
(8TU/LB)

522
523
522
522
523
523

587
587
588
588

589
585

~ MASS

VELOCITY
X10-5
(LB/HR=
FTSQ)

0. 262
0.498

. 0979

1.953
. 1.973
2. 959

0. 234
04510
04979
0.995
1.982
24992

HIAT
FLUX
X10=6
(BTU/HR-
FISQ)

0.125
0.190
0. 264
Oe 445
0.6454
0.65%

0.102
0¢163
0,211

. Be216

0.355
0.519

CcaLcC.

EXIT
ENTHALPY
(BTuU/LB)

921
817
730
698
. 701
6 9%

925
834
754
754
727
719

EXIT
CQUILIBRIUM
QUALITY

0.678
0403
D.170
0.086
0. 093
0,074

0.689
0. 446
0,234
0.235
0,162
0. 140

TAP-TAP -

PRZSSURE
ORI?
(P3I)

1.663

2,280
3.231
64005
64273
10716

1.506
2+¢210
3.223
3.260
6.556
12.823

.



RUN
NO,

L6b

256
G63
257
$63

259
258
255
25%
25%

363
3u3

260
267
261
546

517

WATER
TYPE

000

000
DoD
00D
DOD
D00
00D
000

poD
DoD

Doo
000

00D
000
000
DOD

DoD

RUN
TYPE

ISO

IS0
IS0
IsO
IS0

IS0
IS0

IS0
IS0
150

IS0

Iso

IS0
IS0
IS0
IS0

IS0

PRES=-

SURE
(PSIA)

B0oO

1200°
1200

1200
1200

1200

1200

2000
2000
2000

2200

2200

TABLE 7.

SINGLE PHASE
PRZSSURE DROP CONDITIONS

INLETY
TEMP,

(DEGF)

197

195
196
196
196

497
496
196
197
197

396
396

596
595"
595
196

Suv

‘Heavy Water (99,84%)

INLET
ENTHALPY
(BTU/LB)

161

161

161
161

161

463

465

162

163

163

362
3IR1

583

565

588

162

523 -

MASS

VELOCITY

X10-6

[LB/HR=- -
FTSO)

Je248

$.235
D.262
J.981
24953

0.237

0.987

0.259
0,986

. o783

0.983
2447

0234
1.012

3.491
2.951

HEAT
FLyX
X10-6
(8T7J/HR~
FT3Q)

v - -

ZALC.
IXIT
ENTHALPY
(BTU/LB)

161

161
151
161

160

468
466

162

163
163

62
361

588
585
588
162

523

TAP-TAP
PRESSURE

DROP

IPSI)

3,107

3,109

3.112
3.640

7,326

24547
3. 061

3.127
3. 651
12.872

3. 2990
S5« 733

2.239

2.791
8.366

7. 308

2.540

REYNILDS

NUM3ZR

8800

8300
8500
35000
105100

25310
108500

9200
35100
171109

82200
204300

31300
136000
472200
104700

59100

EXPER.

_FRICTION

FACTOR

03241

.03376
«03390
eB2322

«01880

+02439
018173

«03426
02317
«+ 01650

*01933
«01720

¢01933

«01608
+01390

01877

1
£
[

]



RUN
NO.

266
460
461

462

262
263

26%

265

WATER
TYPE

Doo
DoD

00D
D00

00D
pDoo
0OD
booD

RUN

HTB
HT8

HTB

HTB.

HTB
HTB
AT 8
HTB

PRES~
SURE
TYPE (PSIA

1200

. 1200

1200
1200

2000

2000
2900
2300

. - SINGLE PHASE
PRESSURE DOROP CONDITIONS

INLET
TEMP,
(DEG.F) -

196
197
197
.198

- 397
‘397

. 396

398

TABLE 7 (Continued)

INLET
ENTHALPY
(BTU/LB)

160
161

161
162

363
362

361

363

~ MASS
VELOCITY

X10-6

(LB/HR~-
FTSQ)

2.956

2,951
24948

2.953

2,975
2.999

2977

2,957

HEAT
FLIX
X10-56

(BTJ/HR~
COFTSQY

0.297
D.%96

0.5693
D.89¢C

0.097

0,295

0.492
0.590°

~ 2aLC.
CIXIT

. ENTHALPY
(BTU/LB)

238
291

343
395

388
438

. 489

544

TAP=-TAP
PRESSURE

DROP

(PSI)

6.774

7.277

© 74360
. 7,489

6.589
6.631
6.597
6. 808

RIYNILDS
'NUM3ZIR

EXPER.
FRICTION
FACTOR

L 3 s

-'€17-



"RUN

NO.

. 251
239
281
237
219
235
263

233
221

200

229

223 -

225
227

TABLE 8, Heavy Water (93%)

CRITICAL HEATY FLUK'COND;TIbNSﬁ

| PRES-
_ 'NATER ' SURE .

0op 800

pOD . %90
00D 309
00D 1289
000 1200
"poD 1699
00D, 1609
008" 1609
D00 160D
00D 1509
00D 1600
00D 2080
00D 2000
0OD 2700
00D 2080
000 2900
00D 2000
pOD 2000
- 00D - zo6®

INLET.
TENP,

2% -

397

398
398 -
698 .

397
399

398
%97

Skt
549

295 -
296

398
397

398

496
%97
%97

~ . INLETY

ENTHALPY

TYPE (PSIA) 1DEG«F) (8TU/LB)

258 .
362
36%
362
568
.362
36%
363

566

MASS .
VELOCITY
X106 -

(LB/HR=
- FTSQ) .

D.2643

2.959
" 4+980

24998
84982

0.997
1.006
1.963 -

1.976

. 8.972
1.981

8,239
1,965

0.991
1,978

. 2977

1,003
1.98%
2.961

HEAT
FLUX = -
X10-6"
(BTU/HR=~
FrsQ)

0.2%%

0.589

. 8.785
0e561
RS
0.483

0.686 .
0.684

0.492

De 326 |
'no395

'D.206
0.920

. 0.636

0.732
1.038
0,332
0.529

" Q743

CALCULATED
EXIT
ENTHALPY
(8FU/LE)

. 1038
836
6569
786 .

818
736
736
658

779
680"

927 .
623

703
648
633
721
672
659

EXIT
" EQUILIBRIUM
QUALITY

0.870

0,550
0.281 .

0620
9467

‘9J217
0278
'01“59

0.115

'0;367A-'
0.161

o 0.68%
T «0,05&

C1139,
0,006
-8,030 .

‘0,186
9.064
Qo!32

-77;;



TABLE 8 (Continued)

CRITICAL MEAT FLUX CONOITIONS

MASS. -HEAT S
S .VELOCITY :FLUX . CALCULATED -
, - - PRES=  INLETV INLETY X10=6 X10-6 EXIT - EXIT
RUN ~WATER SURE TEMP,  ENTHALPY (LB/HR=- (BTU/HR= ENTHALPY EQUILIBRIUM
NO, TYPE (PSIA) (DEG.F) (BTU/LB) FTSQ) . FTSQ) (BTU/LB) - "QUALITY
208 . DOD 2880  S68 526 - 8.998 0,285 . 744  0.239
210 DOD 2000  S&6 . - 522 1.98% - 0,631 . 690 - 9.108.
2142 00D .- 2000  S&9 525 2,971 0.592 679 . 0.689
202 DOD 2080 597 588 1,016 0.236 768 04298 .
208 0OD 2000 . 596 . 587, 1.949 8313 711 . 159 &
245 DOD. 2000 . 'S98 . 591 - 14932 . 0.303 712 0.161 !

- 2086  DOD - 2m0% 596 588 20956  B.858 705 0185 .

N



RUN
NC.

252

2%0 .

252
238

220

236

2%4%
234

222 -

218
216

250
248

201
232
238

224
226

228

- MATER
TYPE

' poe

o000
ooo

60D, .

0oo
' pot

000 -
000!

000

000
;DOD

00D
0op
000
000
00D
00D

DOD
000

PRES= INLET

SURE

(PSIA)

309
1290

f120¢

1600

1600

1600
1608

1600

© 1600

2000
2000

2000
2000
2000

2000
2908

2008

PRESSURE DROP.CONDITI ONS
AT 98 PER CENT CHF POWER

TEMNP

297

197
99

397

“97
397

398
397

&97

5%
568

295

297
397
397
398

896
%37
%97

TABLE 9, Heavy Water (93%)

261

362

363

‘362

L Y-Y4
' 362
363

363
466 -

525
526

261

263

363
362

363

' 465
.66
466

INLET ..
. ENTHALPY
(DEG.F)  (BTU/LBY

MASS
YELOCITY

X10-6

(LB/HR=-
FTSQ) .

02643

0962

1.976
9. 998
0.982

0.993
1.003

1963
1976

0,967 .

1,981

- 002‘9

1.963

0.988
1,977
24983

1.000

1. 986
20963

"HEAT o
FLUX . CALC.
X§0=6 - - EXIT.
(BTU/HR= ENTHALPY
FTSQ)"  (BTU/LE)
0.239 1026
' 0.586 . 832
0,778 668
0528 7T,
0,426 803
0672 729
0.67¢ 726
0:670 626
0,485 . 655
0.315 7777
0,388 67T
0.200 986
0.90% 618
0o &33 70t
0,725 646
14016 626
0.328 719,
0e 528 668
655

0,725

. TAP-TAP:

CEXIT PRE SSURE
EQUILIBRIUM OROP
QUALITY (PSI)
0847 24086
o544 104186
0,279 164995
o.M02 -.~5,425 ”
0.45%  6.287 &
00266 he231
0.257 4,234
0.0%9 6.087
0.109 ' 5.698
0363 Ne306
0.155 7.102 .
. 8.632 2,167
~0,066 5.103
9.135 3.463
=0,000 5.336
-0,007 7.880¢
0.177 3.492
0.05% 5,655
00022

8.598



RUN  WATER"
NO., TYPE
209 00D
211 00D
213 00D
..20%, .pOD
246 00D .
297 oD

PRES~-

“SURE
(PSIA)

. 2008

2000 -
2000

2000
‘2000

.. 2890

T 524 0,993

TABLE 9 (Continued)

. PRESSURE DROP CONDITIONS

AT 98 PER CENT CHF POWER
MASS

. - V¥ELOCITY
CINLET  INLET . X106

"TEMP, ENTHALPY (LB/HR=~

(DEG.F) . (BTU/LB) - FTSQ)

546 522 1.982
Se7 . S23 2,972
'597° 588 1.014.
598 590 1,930

596 588 ' 2,998

HEAT R )
FLUX ) CALC.,
x1o.6" - EXITY
(BTU/$R- ENTHALPY -
FTSQY  .(BTUZLB)
T 0.280 - T4t
e 826 687 .
0,587 675
8234 = 766
0,296 ° 709
'ﬂ.&kﬁ‘ - 703

TAP-TAP

:

EXIT °  PRESSURE

EQUILIBRIUM - DROP |

QUALITY - (PSI)
0:232 . 3.553
8,181 . 6.830
0,072 T 9,589

ER 1Y DU W YYO
0615% . 64137

Ge1h0 . 11.062

Ly



3 'Tf.'qBLE 10.. Heavy Water ($3%) -

SINGLE PHASE
PRESSURE DROP CONDITIONS

MASS " MEA.

D VELOCITY  FLUX - CALCs TAP=TAP S
" PRES=  INLET INLETY X10=6 = X10«6 "EXIT. PRESSURE . 'EXPER.

RUN WATER RUN ~ SURE-  TEMP. ENTHALPY (LB/HR- (BTU/HR- ENTHALPY - DROP REYNOLDS . FRICTION
NO. TYPE  TYPE' (PSTA) (DEG.F)' (BTU/LB)  FTSG) ~ FTSQ) . (BTU/LB)  (PSI}. ~ NUMBER  FACTOR

21%. DOD ISO. 1600 . S&7 535 1.992 ==== . 525 %323 283800 .01469

197  DOD .ISO - 280¢° - 197 163 0.981 Ceeee 183 3.551 38900 .02336
198~ 0OD ISO. 2000 596 588 - 0,978 eeee 588, 2,761 132080  .81653

199 0OD. MTB ' 2000 396 361 2,977 ©  0.500 - 493 6,629 ccene comee

-gh-
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Heavy Water Loop Schematic Diagram
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FIGURE 2, Heavy Water Loop
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CRITICAL HEAT FLUX X 10"~ BTU/HR-FT2

CRITICAL HEAT FLUX VS EXIT EQUILIBRIUM QUALITY
AT 2200 PSIA PRESSURE AND 1.0 X 106
AND 3ox|o LB/HR FTZ MASS VELOCITIES
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EXIT EQUILIBRIUM QUALITY
CONVERSION FACTORS:

PRESSURE: (Pa)=(6895) (PSIA)
MASS VELOCITY: (Kg/m2-5)=(1.356 X 1073) (LBm/HR FT2)
HEAT FLUX: (W/m?2)=(3.155) (BTU/HR-FT?)

FIGURE 3



CRITICAL HEAT FLUX X |10~ ~ BTU/HR-FT2

CRITICAL HEAT FLUX VS EXIT EQUILIBRIUM QUALITY

AT 2200 PSIA PRESSURE AND

" 2.0 X 108 LB/HR-FT2 MASS VELOCITY
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CRITICAL HEAT FLUX VS EXIT EQUILIBRIUM QUALITY
AT 2200 PSIA PRESSURE AND |
0.5 X 108 AND 0.24 X 108 LB/HR-FT2 MASS VELOCITIES
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FIGURE 5
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CRITICAL HEAT FLUX X 10~® ~ BTU/HR-FT2

CRITICAL HEAT FLUX VS EXIT EQUILIBRIUM QUALITY

AT 2000 PSIA PRESSURE AND
3.0 X 106 LB/HR-FT2 MASS VELOCITY
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FIGURE 6 °
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CRITICAL HEAT FLUX X 10~® ~ BTU/HR—FT?

CRITICAL HEAT FLUX VS EXIT EQUILIBRIUM QUALITY
AT 2000 PSIA PRESSURE AND
2.0 'X 108 LB/HR-FT2 MASS VELOCITY
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FIGURE 7



CRITICAL HEAT FLUX X 10~ ®~BTU/HR-FT2

CRITICAL HEAT FLUX VS EXIT EQUILIBRIUM QUALITY
AT 2000 PSIA PRESSURE AND

.0 X 108 LB/HR—FT2 MASS VELOCITY
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CRITICAL HEAT FLUX VS EXIT EQUILIBRIUM QUALITY
AT 2000 PSIA PRESSURE AND

0.5 X 10 AND 0.24 X 10® LB/HR-FT2 MASS VELOCITIES .
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CRITICAL HEAT FLUX X 1078 ~ BTU/HR-FT?2

CRITICAL HEAT FLUX VS EXIT EQUILIBRIUM QUALITY

AT 1600 PSIA PRESSURE AND 1O X 10°

AND 30 X 10® LB/HR-FT2 MASS VELOCITIES
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FIGURE 10
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" CRITICAL HEAT FLUX X 10~6~ BTU/HR-FT 2

CRITICAL HEAT FLUX VS EXIT E'QUILIBRIUM QUALITY

AT 1600 PSIA PRESSURE AND
2.0 X105 LB/HR-FT2 MASS VELOCITY
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CRITICAL HEAT FLUX VS EXIT EQUILIBRIUM QUALITY
0T et AT 1600 PSIAT PRESSURE AND

o 5 X 106 AND 0.25 X 108 LB/HR-FT? MASS VELOCITIES
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CRITICAL HEAT FLUX VS EXIT EQUILIBRIUM QUALITY

AT 1200 PSIA PRESSURE AND 30 X 106 |
2.0 X 106 , AND 1.0 X 10® LB/HR-FT2 MASS ven.ocmss
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CRITICAL HEAT FLUX VS EXIT EQUILIBRIUM QUALITY

05X 108 AND 0.25 X 106 LB/HR-FT2 MASS VELOCITIES

AT 1200 PSIA PRESSURE AND

EXIT EQUILIBRIUM QUALITY

FIGURE 14
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CRITICAL HEAT FLUX X I0~€ ~BTU/HR -FT2

1.0

CRITICAL HEAT FLUX- VS EXIT EQUILIBRIUM QUALITY

AT 800 PSIA PRESSURE AND 1.0 X 105, 0.5 X 106, AND
0.25 X 106 LB/HR-FT2 MASS VELOCITIES
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PRESSURE DROP AT 98% CHF POWER ~ PSI
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PRESSURE DROP AT 98% CHF POWER
VS MASS VELOCITY AT 2600 PSIA
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