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prediction of DNB conditions (Departure from Nuclear Boiling or
burnout phenomenon).

The finality of the present work is to compare the experimental data
obtained for conditions peculiar of small PWR cores with the predictions
(l;fl several correlations chosen among the existing ones for their relia-

ility.

The experimental data have been obtained from a research program
supplementing the design study of a nuclear tanker performed under
a contract between Euratom, Fiat and Anszldo with the participation
of CNEN.

The experiments have been carried out by SORIN Heat Transfer
Laboratory. The data cover both uniform and non-uniform power distri-
butions as well as unheated wall effect. Although a large fraction of the
collected data have been obtained for the tanker reactor design condi-
tions, a certain number of parameters such as pressure, mass flow rate,
inlet enthalpy, and diameter have been investigated so that the com-
parison here presented will have a broader interest.
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INTRODUCTION (.,

The increase of pewer output from a pressurised water reactor oore with
constant hot channel factors depends largely upon a more accurate prediotion

of DNB conditions (Departure from Nuoleate Boiling or burnout phenomenon).

The finality of the present work is to compare the experimental data obtained
for conditions peculiar of small PWR cores with the predictions of several

correlations chosen among the existing ones for their reliability.

The experimental data have been obtained from a research program supplement-
ing the design study of a nuclear tanker performed under a contraot between
Euratom, Fiat and Ansaldo with the partiocipation of CNEN (1) (2).

The experiments have been carried out by SORIN Heat Transfer Laboratory.

The data cover both uniform and non uniform power distributions as well as
unheated wall effect., Although a large fraotion of the collected data have
been obtained for the tanker reactor design conditions, a certain number of
parameters such as pressure, mass flow rate, inlet enthalpy, and diameter
have been investigated so that the comparison here presented will have a

broader interest.

In Table I the actual thermal and hydraulic design conditions for the tanker

reactor core are reported to be compared with the test conditions of the

various test sections up to now investigated,

{*) Maaucscript received on July 11, 1966



A, TUBOLAR TEST SECTIONS

A.1. Uniform power distridbution

Three test sections have been used to investigate the DNB conditions
with uniform axial heat flux distribution. A detailed desoription of

the test sections is given in Ref.(1). In Table II are given the
dimensions of the heaters and the range of parameters tested with each
configuration. The uniform heat flux heaters were tested in the earlier
stage of the contract when a comparison study was conducted between a
boiling and a pressurized water reactor; hence some of the tested

conditions are peculiar of a BWR solution.

A.1.a. Review of existing DNB correlations

At present a vast number of DNB correlations exists. A preliminary
analysis was made in order to choose the most reliable and general
ones among the correlations for upward forced water flow.

In Ref.(3) a comparison between experimental data and predictioms
shows that Oriffith, Bernath, Gambill, Weatherhead and Macbeth corre-
lations are not accurate enough for design purpose. The Zenkevich
correlation, limited to subcooleq conditions only, yields acceptable
results. Westinghouse, in 1962, developed two correlations (W-2)
appliocable in the subcooled region (q"W=2) and in the quality region

( AH W=2) (Ref.3). Lately (Ref.4) a new correlation, called W-3
correlation, has been developed covering the quality range - 15% < X <
+ 195%. Within these limits, it is suggested to use the W-3 correlation
instead of the W-2 ones since, with these correlations, a dis-
continuity generally occurred at the saturation condition.

The other correlations used for comparison purpose are !

- CISE (Ref.5) and FIAT (Ref.6) (for the quality region)
- Ferrel's (Ref.7) (for both quality and subcooled conditions ).

Here after the correlations used are presemted and discussed in

some details.

o/



1) W=2 Correlations

As result of a parametric study of DNB experimental data,
Westinghouse developed two DNB correlations for the subcooled

and for the quality region respectively. The first one determines
the critical conditions by a local heat flux, the other assumes
local enthalpy to be the limiting condition for DNB. The critical
power Ppyp is expressed, in each correlation, as a function of

the following terms :

Poap = F (Hpy» L/De, De, p, G)

The W-2 q" and AH correlations expression are as follows :

Q" g = (0,23 x 1%+ 0,094 G) (3 + 0,01 A&Ts“b)
(0,435 + 1,23 o 070093 L/Dey (4 0 1 4 &™)
where: a = 0,532 [}uf - HIN) / Hf‘] 3/4 (t;%?0-4/3 (1)
and 3
At = 0,529 (H, - H ) + (0,825 + 2,36 o204 Dey By e 1 G/‘°6-
- 0,41 Hfg .-0,0048 L/De = 1,12 ufgj°gAPf + 0,548 Hey

For the q" correlation, the ranges of parameters of the correlated
experimental data are as follows :

¢ 15/hr.rt?

Mass velocity = 0,2 to 8 x 10
Pressure = B00 to 2750 psia

L/De = 21 to 365

Inlet subcooling (He - Hry) = O to 700 BTU/1b
Suboooling at DNB, DTg. = 0 to 228 °F
Local heat flux = 0,4 to 4,0 x 105 BTU/hr.ft2
Equivalent diameter = 0,1 ¢ 0,54 in

Axial heat flux distribution: uniform

Gecmetries : circular tube, rectangular channel, rod bundle.

o/



The analogous ranges of parameters for the AH correlation are:

Mass velocity = 0,2 x 106 to 4,0 x 106 1b/hr.ft2

Pressu-e = 800 to 2750 psia

L/De = 21 to 655

Inlet subcooling HIN > 400 BTU/1b

Local heat flux = 0,1 x 106 to 1,8 x 105 BTU/hr-ft2
Exit quality = O to 0,90 (by weight)

BEquivalent diameter = 0,1 to 0,54 in

Axial heat flux dist¢ribution: uniform and non-uniform

Geometries : circular tube, rectangular channel, rod bundle

The saturation point is the dividing line between the regions in

whioch the two correlations applises.

W—-3 Correlation
Critical heat flux, q"DlBois expressed in this correlation as

a function of the following paramenters 3

= £ (P,De,G,H or local quality X

]
T DNB e LT loc!

The correlations constants have been determined by fitting DINB
data points avalluble in the quality range - 15 < X< + 1554,
The expression is given as follows 1@
q"DNB/w6 = [(2,022 - 0,0004302 P) + (0,1722 - 0,0000984 P).
- C
_ 518,177 = 0,004129 P) X] [(0,’4811 1,595 X »

+0,1729 X X G/1o6 + 1,037] [1,157 - 0,869 x]

[0,2664 + 0,8357 9'3’151 Di [0,8252 + 0,000794 (HSAT' HIN}]

The heat flux is in BTU/hft2 and the units are as listed below.
The ranges of parameters of the correlated experimental data are

as follows 1

o/ o



3)

Pressure P = 800 ¢ 2000 psia

Mass velocity G = 0,5 x 10° ¢ 5 x 108 1b/hft2
Equivalent diameter De = 0,2 ¢ 0,7 in

Exit quality X = = 0,15 ¢ 0,15

Inlet enthalpy Hyy > 400 BTU/1b

Length L = 10 ¢ 79 inches

As derived, W~3 correlation applies to uniform heat flux distribu.
tion; whenever used for non uniform cases it gives equivalent

critical fluxes.

Ferrel's Correlation

Wilson and Perrel (Ref.7) have developed an empirical DNB cor-
relation for subcooled and bulk boiling regions and for circular
and rectangular cross sections.

The critical heat flux 1s expressed as a function of pressure, mass
velocity, inlet subcooling, and diameter over length ratio.

The final expression for round channels is as follows :

- 90.000 F. | —— 2= where :

[1]
q P | 240 z

DNB

F, = 1483 = 0,415 x 103 p

2
-3 - _ -6 :
a = 0,3987 + 1,036 x 10 [&SAT TI%] 1,027 x 10 [&SAT TI%]

The range of variables for the data compared by Wilson and Ferrel

with the above equation are :

0,25 € 7 <2,28 ft

0,00625 < De & 0,037 ft

0,02 x 105<G «7,8 x 106 1b/hr-£t2
- -]

0 € Tgyp = Tpy & 564°F

1000 ' p § 2000 psia

s/ .



4) Zenkevich's Correlation

Zenkevich has developed a DNB correlation where the critical
heat flux is expressed as a function of pressure, quality, mass
velocity and some physicals properties of liquid. This correlae
tim applies to subcooled DNB only and its constants were
determined by empirically fitting DNB data points.

The correlation is :

" 8
oy = R Bpg | /6 Per x 6 x 4,1697 x 10
I
where :
-5| Pz | 0,65 H-H 0,32 x 10
R = 10 177 1 95-420 ——_SAT_ 1+
pPr Heg Ne

a= 1,1 +2,6 _E_g._ - 0,9 H-HSAT
Pe Heg

G

Ne 5{1‘

The ranges of parameters are :

1400 € p § 3000 psia

0,3 x 10°¢e <5,2 x 105 1b/hr.rt?
0,61 2 5,25 ft

316 L Tgyp = T(8) & 180°F

CISE Correlation

The CISE Heat Transfer Laboratory staff developed a ccrrelation
applicable only to quality DNB conditions. It has to be pointed
out that in this correlation the actual length of the heated
section has been eliminated as a parameter and the crisis 1s

expressed as a relationship between critical power W_ and length

S

T 3 - °
Lg for the particular case XIN 0



The expression is given as follows :

— - X
ngl xEx (7%3)1/3 Lg + 0,315 (_fgﬂ - 1)0’4 . De1’4 . G

The ranges of parameters in which the correlation is applicable

is defined as follows :

Equivalent diameter De = > 0,7 cm

Pressure P = 45 ¢ 150 kg/cm2

Mass velocity G = 100 (1 - ;ﬁ;)B + 400 g/cnzs
Exit quality : XEX >0

6) PIAT Correlation

Lately a correlation applicable only in the quality DNB region

for forced convection upward flowing water mixtures has been
developed by Previti, Riccardi and Valtancoli (Ref.6).

A choice among physical parameters, that can be used to describe
the DNB phenomenon, and a sistematic (as much as possible) study
of the pattern presented by the available data as function of each

of the selected parameters led to the following expression:

Hy,,~H He= H -p
“ex_ TIN . 0,084848 X(—L__I¥) + 0,153945 (0,45 - 0,3 ——-2-)
Heg Heg 10
0,85
(—%z)'°’874 + 0,119932 1992 1,088892 (e'e’13 De )
]
+ 0,067711 (-gg)'o’874 (—fk~)°’533 - 0,892651
10 Pe
C -4 1003
where: o = [1-3 (=g - 1,1) 10 (2000-?)] —— and Po = 1000 psia
10 p0»5

The ranges of parameters of the correlated experimental data are

as follows

o/



Pressure P = 1000 ¢ 2000 psia

Heated length L = 17 ¢ 79 inches

Equivalent diameter De = 0,22 ¢ 1,475 inches
Mass velocity G = 0,35 x 105 ¢ 2,5 x 106 1b/net2

Inlet enthalpy H, . >370 BTU/1b

I
The correlation has been developed using british unite since it

is used in digital codes developed in the USA.

A.1.b, Results and comments

1) W=2 Correlations

The parameter's ranges of the experimental data used to find out

the correlations constants are given in Ref.12; however the field

of applicability of the W-=2 correlations has not been expressely
limited to these ranges. Therefore both q" and AH correlations

have been tentatively used also outside of these ranges, particularly
for diameter De (since much of the uniform distribution data have
been obtained with a 17,1 mm diameter test section) and, in a few

cases, also for other parameters such as G and HIN'

The results obtained in terms of DNBR are reported in Tables III,

IV and V and shown in Figg. 1 and 2.

Hereafter the DNB Ratio (DNBR) is intended as the ratio of predicted
to measured values at DNB location.

It can be seen that the diameter range given in Ref.12 (0,1 < De
0,54 in) has to be intended as a real applicability limitation for
both q" and AH correlation; this is particularly true for pressures
higher than 84 kg/cm2 since most of the calculated critical powers
at 126 and 140 kg/cm2 deviate more than 25% from the experimental
data obtained with the test section No.1 (Table III). This limita-

tiom appears to be more critical for q" than for AH.



Limiting the analysis to test sections 1C and 1B, the results
obtained with the q" correlation (used within the parameter ranges
given in Ref.12) present a maximum deviation over the experimental
data of +20%, with the calculated critical flux always higher than
the actual one (Tables IV and V, Pig.1).

As far as W-2 AH correlation is concerned, applied to the quality
range only, almost 50% of the processed points (all falling within
the above parameter ranges), present a deviation higher than 25%,
This percentage becomes even higher if the exit quality is above
15% (Tables IV and V, Pig.2).

Important conclusions cannot certainly be drawn from this comparison
since the number of the available data falling within the parameter
ranges given in Ref.12 is quite small.

Rowever care shall be used in applying both W=2 correlations out~

side the diameter range 0,1<D<0,54 in.

W-3 Correlation

The new Westinghouse correlation has been applied to all the
experimental point presenting exit quality within the range
~15% < Xpx <+15%.

The results are reported on Tables III, IV and V and in Fig.3.
The W=} correlation, even if applied with an inlet enthalpy HIN
lower then the limiting value specified in Ref.4 yields, for

almost all the points, DNB ratios within +25% of tio theareticalwmlue,
Actually only three points preaent DNBR higher than 1, 25.

For most of the evaluated points the correlation gives a
conservative value for the critical hsat flux and hence a DNB

ratio lower than one.

At 140 kg/cm2 all the cases, besides the three pointed out above,
fall within +15% of DNBR = 1 line.

The W—3 correlation presents a larger scatter of DNB ratio as exit
quality increases. However the correlation perform quite satisfac-

towy in all the ranges of pressures and geometries tested.



3)

4)
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Perrel's Correlation

This correlation seems to present (Ref.7) quite a narrow range

of application as far as diameter and length of the heated
sections are concerned (0,075 < De <0,44 in and 6 < L <27 in).
However the authors do not limit the applicability of their cor-
relation to this field but only state that the ranges of variables
for the data compared with their correlation fall within the above
limits.

Therefore the correlation was applied to the experimental data
given in Ref.1, even if none of them did fall, as far as geometry
is concerned, within the cited limits.

It can be pointed out that this application seems allowable from
the results obtained, given in Tables III, IV and V and shown in
Pig.4.

About one sixt of the points processed gives DNB ratios higher
than 1,25, However the correlation yields non conservative values
since the large majority of DNB ratios obtained is above one.

In general this correlation behaves satisfactory in the quality as
well ag irn the subcooled regions for all ranges of pressures and

geometries temted.

Zenkewich's Correlation

This correlation has been applied only in the subcooled region,
However, in this region, also diameters outside the given parameter
range have been explored (Tables III, IV and V).

The results show that this extrapolation does not seem allowable.,
Furthermore also for the data obtained with the sections of 10,2
and 11,6 mm diameter the results do not look promising.

The great majority of the processed cases, presents a DNB ratio
higher than 1,25.

This deviation seems to increase with exit subcooling.
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CISE Correlation

This correlation has been applied to all the experimental data
with positive exit gquality.

The resulte obtained are reported in Tables III, IV and V and
shown in fig.5.

At 84 kg/crn2 almost all the processed point are within 4+ 25% of
the theoretical DNB ratio. The correlation seems to yield higher
discrepancies as the mass flow rate increases and exit quality
decreases. At 126 and 140 kg/cm2 the number of points having DNBR
outside the + 25% range increases, with maximum deviations at 140
kg/cm?.

At all pressures the correlation seems unconservative since for
the great majority of the processed cases the DNB ratios obtained

are higher than one.

FIAT Correlation

This correlation has also been applied to all experimental data
with positive exit quality.

Also the points with inlet enthalpy lower than the limiting value
given in Ref.6 (Hyy = 370 BTU/1b) have been processed.

Only a few points fall outside the + 20% range around the
theoretical DNB ratio. These points are taken at 140 kg/cm2 while
at all other tested pressures no points fall outside the cited
range (Tables III, IV and fig.6).

The correlation seems conservative at 126 and 140 kg/cm2 while at
84 kg/cm2 and low mass velocity 1t yieids unconservative values.
However 1t has to be pointed out (Ref.6) that the correlation
should be applied having as lower limiting value the exit quality
for which the inverse mass velocity effect takes place. This limi-

ting quality varies with pressure, 1.e. 1ncreases with pressure.
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A.2. Non uniform power distribution

R AR N TS N IGRRCEIRNETIRET

Actually i1n the nuclear reactor core thermal design only non-uniform

axial heating must be considered. The shape of the heat flux distribu =

tion varies over the core lifetime; therefore it is very important to

be able to correctly predict the effect of non-uniform axial flux

distribution on DNB in order to assure at any time of the core life a

safe reactor performance.

A.2.a.

Influence of non-uniform heat flux distribution on DNB

Recent tests conducted by various laboratories (Ref. 8,1,9,10,11) have
shown a marked influence of pewer distributien on both burnout power
and location.

This may be easily pointed out plotting, as function of both inlet
and outlet quality, the critical power for uniform and non uniform
heat flux distribution test sections of identical geometry.

Quite interesting is also the plot of the critical power of the whole
test section versus quality at the DNB location (Xpyp).

Since this report is dealing with the results obtained in Ref.(1) the
rlots of Figg. 7 through 19 concern only with the experimental data
reported in(Rof. 1).

However similar plots may be obtained from all other referenceg above
mentioned (Ref. 8,9,10,11).

The following comments can be given

- at constant inlet subcooling the total critical power is maximum
for uniform flux distribution; however this deviation approaches
zero as the inlet condition approaches the saturation one. This
statement is correct over the entire range of mass velocity tested
at 132 ata (90 < G < 313 g/cmzs); however the lowest the mass
velocity the smalleat becomes the difference between critical powers

obtained with different heat flux distributions (Pigg. 7,8,9).

of o
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- at constant critical enthalpy (that is for uniform and non uniform
couples of data presenting the same quality Xpyg at DNB location)
the total critical power is maximum for uniform flux distribution.
The difference between critical powers tends to vanish as XDNB
reaches high values while it increases for subcooled DNB conditions

(Pigg. 10,11,12,13,14).

- at constant exit quality the total critical power is also maximum
for the uniform heat flux distribution. The behaviour of the dif-
ference between critical power follows the same pattern as for

constant critical enthalpy reported above (Figg. 15,16,17,18,19).

As far as critical location is concerned, it can be generally stated
that, while for uniform heat flux distribution DNB always occurs at
the test section exit, for flux distributions with the flux peak at
any location except the exit, the critical condition can occur up-
stream depending on inlet subcooling and peak to average fluxes ratio.
The DNB point tends to move upstiream toward the peak location when

the subcooling and the peak to average flux ratio increases, while for

high exit qualities burnout aocoours usually at the section exit (Ref.1).

Considerations on possible evaluation methods for critical heat fluxes

in non-uniform power distribution

For the uniform heat flux distribution the parameters universally
accepted in defining the burnout phenomenon are H,x, Hyyy L, De, G, P

and q". Hence we can write :

q"DNB = f (Xex, HIN’ L’ DO, G’ p) (&)
But since
2
T, D
" = .  m——m—— -
q DNB ° T De « L G P (Hex HIN)

the number of independent variables of equation (a) can be reduced
by one., Therefore two types of empirical DNB correlations have been
developed using the so called "system" (HIN, L, De, 0 and p) or "local"

(Xex or H y Ly De, G and p) parameters as independent variables.

loc



In both cases the correlations, developed mainly from uniform heat
fluxes DNB data, were used to predict critical conditions for non
uniform heat flux distribution cases. This application is generally
uncorrect and usually yields not acceptable predictions for total
critical power as well as for critical heat flux and position.

This will be demonstrated applying the DNB correlations discussed in
Section A.1.a (that have given satisfactory results for the uniform
DNB data processing) to the non-uniform heat flux distributions.
Although some attempt has been made to predict non uniform critical
heat fluxes from local parameters only (Ref.12), the usual approach
is to consider the equivalence between the average heat flux for the
non uniform power distribution and the critical uniform heat flux
under the same test condition (Ref.8).

However, although the average heat flux versus exit quality for the
cosine and peak near the bottom flux distributions reasonably agree
with the same data for uniform power, for the peak-near the top
distribution the data fall much below the uniform one.

This appears clearly from both Ref.{ and 9data at all pressures and mass
velocities tested.

These results indicate that the apparent success sometimes obtained
by comparing with the uniform flux the average value of the heat flux
over the heated section for cosine distribution presenting rather
small peak to average flux ratio,cannot be generalized. For the very
important case of outlet peaked distributions (usual for PWR at the
end of core lifetime) this method fails, thus indicating an incorrect
interpretation of the DNB phenomenon.

In conclusion, since the DNB powers of uniform and non uniform test

seotions having same H__, P, L, De and G have been found approximately

N
equal only in the highIquality region, and quite different in the low
qualities and subcooled region (purtioularly with a outlet peaked flux
distribution), the "system parameter” correlations are not adequate to
predict DNB occurrence.

Again, experimental evidence indicates that, neglecting any upstream
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effect and using only local conditions, the "local parameter" cor-
relations are also inadequate to predict DNB occurrence in non uniform
heat flux distribution.

Hence it is conceivable to think DNB affected by both local and up-
stream conditions and this assumes particular interest in the case of
non uniform power distribution.

It 18 interesting to point out, for various flux distributions and
quality regions, the relative importance of local versus integrated
conditions.

The hot patch tests performed at Bettis at pressure 140 kg/cm2 and
over a wide quality range (-26,5 < X°x < 53,3%4) are adequate to show
this behaviour (Ref.13).

The comparison between uniform and patched flux distribution (Fig.20)
for the same exit enthalpy and geometry suggests that local conditions
are of prime importance in the subcooled region,vhile integrated
conditions prevails in the high quality regions; in the intermediate
regions the relative importance of local versus integrated conditions
is weighted as a function of local conditions.

Therefore a method that takes into account both "local" and "system"
parameters (therefsre including looal and upstream effects) should be

used to predict DNB conditions for non uniform heat flux distribution.

Method used to predict critical conditions for non-uniform heat flux

distridbution

Since DNB is a phenomenon originating at the interface between fluid
and heated surface, it has been proposed in a recent work (14) that
the critical condition occurs when the enthalpy of the superheated
liquid layer adjacent to the heated surface reaches a limiting value.
It is conceivable that the limiting enthalpy of the superheated layer
be the same both for uniform and non uniform heat flux distribution

presenting the same geometry and local conditions at DNB looation.

(tnat is quality XpNBs Pressure, mass flow rate).
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Therefore a correction factor was developed in order to enable
prediction of non uniform behaviour from existing uniform data.

In reference 14 a physical model is proposed, that seems justified
from experimental evidence, where a bubbly layer separates the main
stream from the superheated water layer close to the wall. The energy
balance of the superheated layer over the heated length should yield
the critical enthalpy value for DNB onset. Solving the energy equation
for both uniform and non uniform heat flux distribution up to DNB
point we have ¢

(1-eCtom) cc [ P gn(s) o Com®) g,

"
9 pNB EU

Now the correction factor F = q"D“B’ equivalent to uniform flux

q“DNB’ local in non uniform flux

can be defined as functi;n of ¢ (empirical constant function of mass
velocity and local quality at DNB) and of the integral of heat fluxes
over the critical length weighted by the facter e-C(IDNB-z).

Hence the factor F combines local and integrated effects in such a
way that in subcooled and low quality regions (where the factor C is
large), local conditions are primarily determining the critical
conditions while, for high qualities, C becomes small and the integra-
ted conditions are prevailing in determining the crisis onset.

This result is in agreement with the experiments as shown in pertinent
figures and discussed in paragraphs A.2.a and A.2.b,

The meth>d actually used in predicting both DNB flux and locations is
presented in Ref.15. The paper defines the field of applicability of
the theoretical approach reported in Ref.14 and points out the role

of seme important parameters such as the length to wich the imtegratien
should be extended and the test pressure.

Two expressions for the factor C have been derived theoretically 1in

Ref.15 for the bubbly flow region Cp and for the annular flow resion Ca.

As the test indicates (Fig.20), the field has been divided into three

o/



regzions, namely the hignhly subcoolied, the low subcooled and low
qualiity {bubbly flow region) and the high quality region.

Highly subcooled 18 the region where the bubbles do not detach from
the wall as defined in Ref.16. The high quality region ocnset can be
defined according to Baker's plot (Ref,17) or by the inverse mass
velocity effect occurrence, The intermediate region or bubbly flow
region, where the memory effect on the superheated liquid layer close
to the heated wal! takes place, lies between the highly subcooled and
the annular regions as defined above.

In the first region, where mainly the local conditions shouid influence
DNB, correlations such as W-3, and Zenkewitch, should be successful.
However, because of the lower quality limxt (=-15%) of correlation W-3,
also other correlation like q"-W2 and Ferrel’s have been used.
Although also in this region a certain memory effect should be expect-
ed, the difficulty of defining the actual bubble detachment point and
the very short lenght over which usually, in this subcooled condition,
the memory effect could takes place, has lead to apply directly the
above mentioned correlations point by point after the peak until the
minimum DNB ratio was reached,

For the intermediate range the following method, derived from the

analysis of Ref.15, was used for each non uniform power test section:

- Step 1 - The bubble detachment point, Z'pp is evaluated as per
Ref.16 (2' 18 the current abscissa from channel inlet)
- Step 2 - For the melected point Z', following Z'gyp, where DNBR will

be evaluated, local quality X(Z' ) and the distance lDNB’NU

[ S - ! - L}
from 2 Bp 3T® determined (IDNB,NU z z BD)
23 x 103 (1-x)3 , -1
- Step 3 - The factor Cp = 8,20 x (1-X) (ft ') 18 evaluated.
Cx f(TSAT)

In the Cp expression

a = 6,105 + 0,44 x 10~ (P=1000)

P = test pressure (psia)

0/.
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FOT ) = 39,74836 x 1072t % _ 54,83156 x 10712
SAT SAT ’
3 ) . 2 =9 -6
- 6 g 10 7 1
TSAT 33,6336 1SAT x 10 7+ 47,189 x 10
T 1,9452 x 107
SAT '
TSAT = saturation temperature {°F)
2.
c = mass flow rate (1lb/hft )
X = local quality

- Step 4 - Being Z the distance from the bubble detachment point,

(that 18 72 = O for Z' = Z'BD ) the exprcasion

- Cplipwg,n
q"(z) . e , dZ 18 computed,

-Z) =7 )

(o (ong, vy

- Step 5 - Introducing X'(2), G, De, P, Hgpps HIN 2n the W=3 cor-
relation, the equivalent uniform critical flux q"DNB,EU

is calculated.

(HIOC - HIN) » G, De
~ Step 6 -~ Through the enthalpy balance e 1

"
4 9 pyp, EU

EU

the total length associated with q"DNB,EU will be found,

-~ Step 7 - Steps 1 and 2 wili be repeated for the equivalent uniform

case, thus evaluating 1DNBU = LU - Z’EDU s, distance vetween

test section exit and bubble detachment point.

-CF

1
- 3tep 8 - Fxpression q"DNBEU (1~e DNBU) will be found

~Cp 1
' - F N
9" pNB, EU (1 -ce BU)

DNB, NU -CF.(le'NU - 7)
CF q (Z) s € » dz

representing the TNB ratio will be evaluated,

- Svep 9 - The ratio R =

If # = 1 the burnout location coincides with the selected point.
Otherwise the calculation may proceed along the channel until a

minimum value of R 18 reached. As for as the high quality region 1is
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concerned, a metnod simiiar to the one outiined above should be used.,

The ractor Cp shouid ve rerplacec oy

-4
Ca = 9,7 x 1OG (f1-1)
X . vg . (=)' p
6 106

where : D = equivaient diameter (ft)

C = mass flow rate {(ib/n ft° )

X =« guai:ity

Vg = steam specific volume (ft3/lb) (Ref.15)
and the bubbly region limiting point rather than local boiling
rnception shal. be considered.
Yowever, since the maximum to average flux ratio is not high, aiso
an evaluation of DNB as a global phenomenon has been tentatively done.
in this case correlations such as CISF, AH FIAT, AH W-2, and Ferrel's

have been used.

A.2.d, Jesults arnd comments

The evaluation of critical power and position has been carried out

by the methods outlined 1n the proceeding paragraph A.c.c, for the
simmetrical cosine , and asimmetrical skewed to the top and to ine
bottor. vower distribut:ons.

The ge ".ietrical and heat flux distribution data are of test sections,
reported on Ref.(!) and, sintetically, in Table II,

The results have been separately reported as function of the qual:iy

at DNB location.

Ae2.d.7. Highly subcooled region

within this region, defined as the region where the bubble detach-
ment, evaiuatecd as per Kef.'v, does not aoccur, the experimenta.
14

points have ceen orocesseé¢ using the Ferrel, Zenkewich and W=-2 -~

corre.ations.
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The results obtained are reported on Table VI and Figures 21 and

22, 1In general the following considerations can be done :

- the Ferrel correlation shows a fairly good agreement with the
experimental burnout power to within :23%, preferable leading
to conservative predictions. It gives also an accurate prediction
of DNB location.
Both Zenkewich and gq"=W2 correlations offer satisfactory evalua=-
tion of DNB vposition. As far as the critical flux prediction is
concerned, the agreement with Zenkewich correlation is poor in
all cases, whereas ¢"-W2 predicts well for the upward skewed sine

distribution and is 1unconservative for the other flux shapes.

- maximum deviations on both critical heat flux and location are

observed for the symmetrical cosine flux distribution.

A.2.d.2. Intermediate quality region or bubbly flow region

The lower limit of this region is empirically defined by the bubble
detachment occurrence, since from then on a memory effect can take
place.

More difficult is to correctly define the upper limit of this region.
Tentatively this limit should be set at the quality, function of
pressure, where the inverse mass velocity effect takes place. It 1s
suggested (Ref.18) that this point may represent the onset of an-
nular flow region.

In this case the crisis takes place at the exit section and the
memory effect, if applied, as for the bubbly flow region should

yield unsatisfactory results.

1) Memory effect method.

The results obtained by the application of the method derived
from Rgf.15 and briefly described on paragraph A.2.c, are repor-
ted on Tables VII and shown on Figs. 23 and 24.

All data points presenting the experimental determination of DNB
location and quality at DNB in a range approximately - 15% ¢ +15%

have been processed.
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The following comments can be made :

-~ the method gives very good results as far as critical heat
flux 18 concerned if applied in the correct quality range.
The great majority of the processed points presents a maximum DNB
ratic within the range 1,20 to 0,9;

- the DNB location presents an almost fixed position for each
flux distribution considered; however small deviation around
this position have been found. The predicted burnout position
falls, for the great majority of the cases, within the lenght
where sudden rise of wall temperature was detected (Figg.25,
26 e 27)3

- for the lowest values of X particularly at high mass flow

DNB'
rates (G>1 X106 lb/hftz), a few points present a DNB ratio
within the range 1,25 to 1,15, This is due to the uncertainty
of the bubble detachment location. Since the distance between
this point and the critical location is, for this quality, very
small, a mistake in defining the bubble detachment location
yYields the higher deviation.

This statement is proved by the fact that using the Bowring

method (Ref.19) to define the bubble detachment point (that

usually is upstream than the detachment location obtained as
per Ref.h6),the results become in excellent agreement with

the theoretical ones (Table VI1).

- When the crisis takes place at the exit section the method, if
applied with the modality of the bubble flow region (that is,
with the coefficient Cp and starting to consider the memory
effect from the bubble detachment point) gives unsatisfactory
and not conservative results both for critical power and
location.

This is particularly true at high mass flow rate where the
inverse mass flow rate effect gives a rapid drop of the critical
heat flux for small increase in exit guality. Evidence to this

fact offered in Pig.,24 in which the highest deviations are
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attained for the points corresponding to the highest mass

flow rates which presented the experimental DNB location at
channel exit.

The incosistency »f using the bubbly flow region approach in
the cases presenting high exit quality and DNB location at the
exit of test section is also proved by the fact that correla=
tions such as CISE and FIAT, considering the crisis as a global
phenomenon, usually give satisfactory results (Table vVI).
These correlations proved to predict correctly the critical
power for the uniform cases within the quality and geometry

range tested (Tables III, IV and V).

It is interesting to observe how the use of the correction factor
F modifies, the critical heat flux obtained using a correlation
such W=3, In Pig.28 are reported for the particular case No.149,
both the critical heat fluxes given by W-~3 and by the factor F.
While the first one indicates a well defined critical position,
the use of factor F tends to indicate DNB occurrence possible
over a certain lenght, since the DNB ratiosare, in this region,
not much different,

This is what actually happens in the tested case (No.149-9/12/64)
where a sudden rise of wall temperature has bheen detected over a
certain lenght (that is the DNB did not occur at a unic location
but over a certain lenght of the heater). For a slightly sub-
cooled point such as No. 79 (7/12/64) the DNB position is defined
quite precisely plotting DNB ratios versus lenght. In this case

also the experiments show the burnout located on a short lenght

(Pig.29).

Direct approach method

The application of correlation such as Ferrel's and Zenkevich has
been carried out calculating the DNB ratio along the lenght from
the peak heat flux to the exit, A minimum value of DNBR was
usually reached at a fixed position for each investigated power

distribution. The maximum deviations of DNBR are,for Ferrel cor—
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relation, usually lower than 1,33 however for the cosine distribu-
tion there are several points presenting an higher value. The
results are reported on Tables VII and shown on Figg. 30 and 31.
Zenkevich correlation's results are in poor agrement with
experimental values as for the uniform heat flux distribution
case. It has to be pointed out that the DNB location given by

both correlations is usually upstream of the detected position.

In the quality range of this intermediate region (O<XDNB< + 0,15)
correlation such as CISE, Ferrel and AH FIAT have been used.

In the quality range +10% < X _ <« +15%5 both CISE and FIAT ocorre=-

DNB
lations give satisfactory results, particularly when the DNB is

located at the section exit (figg. 32-33 and Tables VII),

A.2.d.3. High quality region

Correlations such as CISE, AH FIAT, AH-~+72 and Ferrel have been
used to process the data following in this region.

These points present aslways DNB location at channel exit.

The Ferrel's correlation, although predicting critical powers cliose
%0 the experimental ones, gives DNB location always upstream than
the detected (Fig.34).

The AH-W2 correlation generally yields unconservative values as
for the uniform distribution, while both CISE and AH Fiat predict
oritical power in good agreement with the experiments (Tables VIII

and Figg- 35, 36 and 37)0



-24 -

B, TESTS WITH HEATER IN CLOSE PROXIMITY OF COLD SURFACES

B.1. General aspects of the problem

Examination of the core lattices of water reactors with fuel elements
generally in the form of rod bundles, poses the problem of studing
channels of different shapes and conditions that may be reduced to two
fundamental types :

a) Channels with the totality of the wetted physical surfaces transfer
ring heat to the coolant. This type includes cells of the flow area
associated to fuel rods symmetrically surrounded by other fuel rods.
Generally this is the case of all the cells of a rod bundle not sited
at the assembly periphery.

b) Annular channels having only part of the wetted perimeter heated.
This is the case of rods facing structural members that form annular

channels with perimetral unheated surfaces.,

Characterization of the last channels may be best achieved through the
introduction of a modified form of the purelylydraulic concept of
equivalent diameter that would account for the heated part of the wetted

perimeter only.

Calling D, and Dy the two diameter respectively, their definition is as

follows :
Flow Area
D = —
e 4 x Wetted Perimeter
Flow Area
D =
h 4 x Heated Perimeter

A logical criterion of similarity between channels of any shape could

be established by resorting to the D, concept.

Actually, i1n channels having equal D), and heated length, the fluid stream
would receive the same enthalpy rise for the same heat flux,.ll other
physical conditions of the fluid being equal.

Without knowing the 1eal mechanism of the thermal crisis, the parameters

representing the system (geometry of the channels, heated length, steam
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quality, critical heat flux, mass flow rate, pressure) are generally
used to describe the phenomenon by means of correlations in which they
appear differerntly grouped.

Consequentiy the introduction of the parameter D, may reasonably ailow
the extension of the use of correlations or:ginally developed for tubes
to annular geometry.

However, this procedure does not cover entirely the effects induced by

a coid wall 1n close proximity to the heater to the extent to which

flow distribution i1n the interspaces and actual coolant conditions at
the DNB point are affected. “onsidering coolant cells of the types
previously referred to as a) and b), one can see that their boundary
conditions are quite different. Actually the external contour of cells
of the first type is an ideal line,whereas 1n the second case it 1is
partially replaced by physical walls. In this connection it is worth to
note that the flow distribution within the two cells 18 subject to
different boundary conditions, the fluid velocity in the first case
attaining the maximum value at the external contour, whereas here in

the second case the fluid is at rest. Therefore, where physical unheated
surfaces replace the ideal contour there is a fraction of the total flow
that is not utilized for the heat removal.

It seems reasonable to expect that the critical conditions are somehow
affected by the presence of an unheated wall facing the surface on which
burnout ooours, particularly for the cases of narrow gaps and low local
steam quality.

Lack of a clear insight of the actual effect induced by the materializa-
tion of the cell contours, stress the need of providing experimental
evidences produced by tests with and without cold wall effects and
performed 1n comparable physical conditions.

To this purpose, great interest seems to have the possibility of compa=-
ring tests made in channels having cold walls with experiments performec
in annular channels of same D;, and heated length in which the ambiguity

between D), and De 18 removed.
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Data obtained with a square annular test section could be compared
with results of tests performed on a suitable rod bundle assembly.
More simply, a comparison could be made between data referring to
circular annulus of same Dh but with both or only a single wall

heated.

B.2. Comparison of data with DNB correlation

Four existing DNB correlations have been used to predict, within their
ranges of validity, critical power for experiments performed on the
square annular test section. The tests were conducted on a square an-
nular channel consisting of a 10,2 mm O,D. heater rod centered in a

15 x 15 mm unheated square duct cooled by water at high pressure flow-
ing upward. The lengths of the heater tested were 560 'mm and 1183 mm.
The tested geometry has been selected to reproduce the aotual condition
of corner rods of the second pass fuel assemblies proposed for the
nuclear tanker oore (Ref.17). Detailed information on these experiments

ocan be found in the referenced report (2).

The correlations were originally developed for round tubes and have

been suitably modified for adaptation to the conditions of annular

geometry.

B.2.1., Hestinghouse Correlationg

For tests having negative or positive exit quality, We2 q"DNB and
W-2 AHpm correlations have been used respectively (3).

Tests with exit quality within ~«15% +15% have been also compared
with prediotions based on the W-3 q"pm correlation (4).

These. correlations, formerly developed for geometries in which there
is no ambiguity between D, and D,, have been modified tc account for
the effect of unheated surfaces in annular geometry (3).

The modification common to all three correlations consists ia repla-

aing the equivalent diameter D, with its modified form Djp.
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The limitation on L, Dge and —%: s a8 far as applicability range of

the correlations is concerned, has been maintained.

In reference (3) a reducing empirical factor of 0,9 has been suggest-
ed for the W-2 q"pyp because an overprediction of the burnout heat
flux should be expected since the correlation in its original form
does not account for flow partialization with respect to heat removal.,

Concerning the W-2 A HD correlation, a correction "mixing factor"

NB
has been proposed to account for the non uniformity of the enthalpy

across the flow area. Accordingly the critical enthalpy rise becomes:

(4 HDNB)modif.

R
— (A8 ) .
- - = DNBusing T
(1511 = 0,42 « X ) (0,484 + 0,697 &~02010% 5) € %
where : . Ph
Py + Pg
Ph = heated perimeter
Pc = unheated perimeter

= s8team quality at the DNB point

Similarly, a correction factor for the burnout heat flux predicted
by W=3 correlation, has been suggested for the case of cold wall in
proximity of heating surfaces (4) :

(q = (1436+0,12 e 9 XpNB) (q"DNB) W~3 using D

"
DNB)H-B modified h

CISE Correlation

The correlation generalized for complex geometries has been applied
within its range of validity (5).

This correlation predicts the critical power measured only on the
heated surface on which burnout occours, and differs from the one
developed for tubes simply in that the expression given in paragraph

P

A.1.a.5) is corrected by the factor h already defined,
P, + P
h c
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The comparison with the experimental data has been made with predicted

total power as well as with the power fed along the saturation lenght.

B.2.3. Results Tabulation

redicted critical values obtained with the employed correlations,
have been divided by corrisponding measured values at DNB thus defia
ning the DNB ratios reported in Tables IX through XIII.

The tables report also the values of other physical parameters

relevant to the identification of the runs.

B.3. Remarks on the comparison study

Predicted DNB fluxes, critical enthalpy rises or power obtained accord-
ing to the correlations employed as well as to their modified forms,
have been plotted against measured values in FPigg. 38 through 43.

The comparison with wW=2 “"DNB correlation, applied using D, shows that
data obtained with the .ong heater are predicted fairly well whereas
the agreement is poor with the data referring to the short heater.(Fig.
38). For these last runs the prediction is slightly improved through
the application of the 049 empirical correction factor while it becomes

wor: - {or the long heater (Fig.39).

FPig.40 shows that the "mixing factor", introduced to correct the values
.

given by the W=2 ZSHD correlation, generally leads to a substantial

NB
improvement of the prediction although it appears to be in most cases
too conservative. Considering the real improvement introduced by the
correction factor, only modified values have been reported in further
sraphycal representations. .

Because of the limited number of runs falling within the range of
validity of the correction factor suggested for the W-3 q"DNB’ no

definitive conclusion could be drawn in this case. It appeared, however,

that for the shorter heater, the prediction was generally improved by
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the correction factor (Fig.41). As far as CISE generalized correlation
is concerned, Fig.42 shows that if the comparison 18 made with the
predicted total power based on actual values of the inlet enthalpy and
total lenght of the heater the agreement is satisfactory in most cases
Fig.43 i1ndicate that the agreement between predicted and experimental
values of the power referring to the pame saturation lenght is poor in
most cases,

It ought to be pointed out however, that the worst deviations refer to
tests performed with the highly unsaturated inlet conditions.

In Pig.44 through 50, the trends of the DNB ratios referring to total
power over the explored quality ranges, have been represented for each

pressure, with mass flow rate and heated length assumed as parameters.
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C. INFLUENCE OF TEST RESULTS ANT OF THE NEW THEORETICAL APPROACH ON CORE

THERMAL DESIGN

In the preceding paragraphs i1t has been pratically demonstrated that the
use of DNB correlations developed from uniform heat flux data to predict
non uniform heat flux distribution can give rilevant errors both in
critical power and DNB location.

In ref.20 1s shown how the use of both "system" and "local" parameter DNB
corre.ations to non uniform heat flux distribution leads to a wrong result.
The former has as indipendent variables inlet enthalpy, mass velocity,
equivaient diameter, core lenght and pressure while the dipendent variable
18 ei1ther DNB flux or DNB enthalpy.

The equivalert enthalpy rise of a test section having the same system
parameter 18 a straight line starting from reactor inlet enthalpy, being
the correlation developed from uniform heat flux data (Fig.5*'),

For the local parameter case the equivalent enthalpy rise of the uniform
power test section (having the same lenght as the DNB location-distance
from i1nlet sections in the non uniform heat flux test section) is a straight
line too.

This line do not coincide with the line joining local and inlet reactor
enthalpy unless the average heat flux for both uniform and non uniform
case coincide., This can happen for small values of maximum to average heat
flux and high DNB qualities only, certainly not in the case of PWR design
as demonstrated in Figures 7 through 20,

Therefore the inlet enthalpy of the equivalent uniform test section, H'yy,
18 lower than the reactor inlet enthalpy Hiy in order to yield the same
local DNB enthalpy. The enthalpy line of the local parameter correlation
is lower than the same line of the system parameter correlation. Hence

the DNB heat flux predicted by a "local parameter" correlation will be
higher than that obtained by using a "system parameter” correlation fo-

at a lower coolant enthalpy the DNB heat flux 4g higher.

In order to show how the test results and the derived new theoretical ap-

proach influence the core thermal design, the correlations results obtained



- 31 -

using a syatem parameter correlation (q"W-2) and the memory effect method
have been reported in Table XIV.

The channel taken into consideration is the ho: channel of the second

pass of the core designed for the nuclear tanker reactor (Ref.20).

The heat flux distribution 1s peaked toward the exit (similar to the test
section 2-B Distribution - Table TI) with a maximum to average flux ratio
of 1.7. The design condition, as specified in Table XIV,represents the
worst reactor transient condition as far as critical power 18 concerned.
The minimum CNB ratio obtained by using the memory effect method 18 1,35
while the allowable value 1s 1.3. This demonstrates that the margin on
DNB kept using the system parameter correlation q"W-2 was amply justified.
However 1t has to be pointed out that these results cannot be extrapolated
to other reactor cores since each case shall be handled on individual
basis.

The influence of non uniform power distribution and cold wall has been
studied admitting that the effect can be superimposed.

A corner rod of the core second pass has been considered.

The calculation was performed using the coolant mass flaw rate of the
corner cell, function of its hydraulic resistance as obtained from the
pressure drop evaluation reported in Ref.20.

The equivalent diameter used was based on the heated perimeter and the
heat flux distribution was uynasymmetrical sine upward skewed having the
same average value as for the "hot channel".

The inlet flow maldistribution factor was still chosen equal to 1,13, In
these conditions, the DNB ratio resulted of 1.47 (Table XV). From the
comparison between the measured and experimental values (as reported 1n
the Figg. 44, 45, 46) it appears that a reduction factor should be applied
in the application of W=} correlation to a channel with unheated walls.,
The expression of this factor, function of some parameters influencing DNB,

is sti1ll in elaboration.
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U. WORK PROSECUTION

The assumption that separated effects such as non uniform heat flux
distribution and coild wall can be superimposed should be experimentally
proved.

Other effects like the presence and the particular design of spacing grids

and the mixing between adjacent heated channels presenting power gradient

should also be i1nvestigated. In general 1t has to be pointed out that core
shall be exercited in extrapolating to reactor cores where different ef-
fects on DNB may be simultaneously presents, the results obtained in simple
geometries set up to study single effects separately.

A gradual approach to i1nvestigate more complex test section 1s needed with

the target to arrive to geometries and conditions near as much as possible

to actual core working conditions.

A graduality in the effort to reach core conditions is suggested by two

main reasons:

-~ the possibility to follow more closely basic phenomena thus allowing an
advancement in the theoretical stage;

- the design and operational difficulties of a quite complicated test
section like a tube bundle presenting the characteristics of the actual
core.

The research program on heat transfer supporting the nuclear ship propulsion

studies performed by Fiat and Ansaldo under Euratom contract will continue

following as closely as possible the path above outlined with the double
aim to improve the basic understanding of the DNB phenomenon in PWR condie~
tions and to find out the real limitation to power output of the proposed

coTre.
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TABLE I - THERMAL AND HYDRAULIC CORE DATA

Total power output, MWt 82,00
Mass flow rate, gr/cmlsec 172,20
Heat tranafer surface area, m? 212,20
Average heat flux, W/cm2 38,66
Maximum heat flux, W/om? 125,67

Nominal coolant inlet temperature
to internal core region, °C 289,40

Active length, o 1180,00

Equivalent hydraulic diemeter
of unit cell, mm 11,58

Exit quality at the outlet of the
hot channel, weight per oent (%) -1,00

Coolant nominal pressure ata 126,80



TABLE II - TEST SECTIONS DATA

Test section n°1

Heated tube inside diameter,
Heated tube outside diameter,
Heated length,

Length to diameter ratio,
Axial flux distribution,

Test section n°1B

Hested tube inside diameter,
Heated tube outside diameter,
Heated length,

Length to dismeter ratio,
Axial flux distribution,

Test section n°il

Heated tube inside diameter,
Heated tube outside diameter,
Heated length,

Length to diameter ratio,
LAxial flux distribution,

Test section n°2

Heated tube inside diameter,
Heated length,

Length to diameter ratio
Axial flux distribution

s1 cos

1’7£— - 0
¢ max

Test section n°23

Heated tube inside diameter,
Heated length,

Length to diameter ratio
Axial flux distribution

$e - 0,5 _%_ went g 0,088
L

¢ max

2w (

L

''BBE ''BBB

lIEE

]
L

17,1
21,3
1317,0
11,0
nominally uniform.

10,2
13,6
85,0
71,0
nominally uniform.

1,6
15,0
1183,0
102,0
nominally uniform.

17,1
1317,0
11,0
symnetrical cosine

- 0,5) + 1

11,6
1183,0

102,0
upward skewed
asymmetrical sine

LY A



TABLE I] (follows)

Test section n°2C

Heated tube inside diameter, mm 11,6

Heated length, om 1183,0

Length to diameter ratio - 102,0

Axial flux distribution - downward skewed
asymmetrical sine

(3 - 0,511'.]::::.. -.n’W-L—-L"&O,O&B
L
¢ max

For Test Seotions Wo.2, 2B, 2C the equations given above represent
the nominal heat flux distribution. For the actual values, see
reference (1).

SQUARE ANNULUS TEST SHCTION

Square duot, mm 15x15
Heater outside diameter mm 10.2
Heater lengths mm 560,0 and 1183

Axial flux distribution - nominally uniform



TABLE (09 ONB DATA FOR TEST SECTION N® 1 - Pressure = 84 ats (Neminal)
b Y

Mass flow Inlet Average Exit (ONBR) {ONBR) (ONER) {ONDR) {ONBR) (ONER) (DNBR)
Run r;u tempereture| heat ;lux quality q"-¥ 2 an-v 3 w3 crse QHFIAT Ferrel(  lenkeyish

p /on sec °C Wcea %
178 (7-2-64) 49,3 285,5 154,00 63,04 - 1,03 ., - 0,95 1,18 0,85 -
184 (7-2-64) 49,1 79,5 157,11 62,66 - 1,03 4» - 0,9% 1,22 0,87 -
170 (7-2-64) 49,8 74,0 180,36 §0,86 - 1,03 4+ - 0,9 1,17 0,88 -
160 (19-12-63) 45,5 271,3 163,19 65,24 _ 0,97 44 - 0,9 1415 0,8% -
156 (7-2-64) 49,8 233,5 164,01 59,70 ) 1,02 , - 0,96 1,16 0,89 -
137 (7-2-34) 49,8 258,7 167,42 58,52 - 1,02, - 0,97 1,17 0,91 -
53 (13-2-64) 74,0 260,5 199,12 43,56 - 1,21 - 1,08 1,14 0,% -
4% (13-2-64) 73,4 282,5 166,72 43,42 _ 1,20 - 1,05 1,1 0,% -
42 (13-2-84) 73,7 275,6 173,64 42,83 - 1,18 - 1,05 1,1C 0,% -
153 (19-12-63) 69,6 27,8 172,35 “,21 - 1,17 - 1,05 1,12 0,9 -
33 (13-2-64) 73,8 273,1 173,08 41,9 >_ 1,18 - 1,06 1,1 0,9 -
7 (13-2-64) 73,7 267,58 175,32 40,52 - 1,20 - 1,06 1,12 0,99 -
186 (9-12-63) 71,6 2.1,0 181,98 41,77 - 1,16 - 1,05 1,10 0,% -
81 (12-2-64) 71,3 256,5 183,47 40,91 - 1,15 - 1,06 1,10 0,99 -
70 (12-2-64) 73,7 252,5 182,50 38,13 - 1417 - 1,08 1,11 1,01 -

+ Data ebteined with inlet enthalpy eut of range

++ Data obtained with mass velocity eut ef range

++s Data obtained with both inlet enthalpy and mass velocity out ef range

For q" W2 and AH W-2 correlations sll data are out of range for equivalent diameter D e, Fer Ferrel's correlation the doln are ot of range for equivalent dissster snd
lenght.



Table]]](follows)

Pressure = 84 ata (Nominal)

ton I““:‘::" Inlet Avarage Exit (ONER) e TP (L W L WU L B (L M L1 N
2 tempersture| heat flux quality q"-w 2
g /on sec o Wo-z %
62 (19-12-63) 73,0 250,6 186,50 38,26 - 1,17 - 1,09 1,12 1,02 -
57 (12-2-é4) 74,0 246,4 190,88 37,27 _ 1,17 - 1,09 1,1 1,02 -
17( 19-12-63) 74,2 241,7 193,56 36,53 i 1,17 - 1,10 1,11 1,03 -
44 (12-2-64) 74,2 241,5 195,68 38,90 - 1,16 - 1,08 1,10 1,02 -
154 (13-2-64) 102,4 285,3 166,72 30,18 - 1,37 - 1,18 1,08 1,08 -
161 (13-2-64) 103,1 280,6 173,78 29,90 - 1,34 - 1,15 1,07 1,07 -
153 (13-2-64) 103,4 275,8 175,90 28,70 _ 1,36 - 1,18 1,08 1,0 -
61 (13-2-64) 7,7 27,0 179,43 29,87 - 1,32 - 1,16 1,0¢& 1,08 -
78 (14-2-64) 9,5 72,0 181,27 30,53 - 1,30 - 1,14 1,06 1,06 -
151 (13-2-64) 102,6 2:8,4 181,85 27,30 - 1,34 - 1,19 1,08 1,11 -
176 (19-12-63) 100,5 2é0,0 185,79 26,49 - 1,35 - 1,21 1,11 1,12 -
142 (13-2-64) 103,6 256,2 189,32 24,52 - 1,35 - 1,23 1,11 1415 -
34 (19-12-63) 102,0 251,4 190,74 23,67 - 1,35 - 1,25 1,12 1,16 -
135 (13-2-64) 103,4 246,6 194,98 22,63 - 1,36 - 1,27 1,13 1,17 -
105 (19-12-63) 103,9 241,5 202,75 22,47 - 1,35 - 1,24 1,11 1,16 -
210 (19-12-.3) 105,2 233,5 209,10 20,60 - 1,33 - 1,77 1,12 1,19 -
92 (24-6-64) 157,0 278,5 204,16 21,15 - 1,34 - 1,11 0,89 1,1 -
58 (24-6-64) 155,9 270,6 213,34 20,33 - 1,34 - 1,N1 0,92 1,1 -
34 (10-6-64) 154,1 256,7 224,45 15,35 - 1934 - 1,15 0,93 1,16 -
25 (10-6-64) 154,2 256,1 223,23 15,91 iy 1,35 - 1,17 0,94 1,17 -




Table il - (follows)

Pressure = 84 sts (Nomimed)

Run Mass flow inlet Average Exit (ONDR) (DNBR) DNBR) (ONBR) {DNBR) JONBR ) (ONBR)
ra%o temperature| heat féux quality q"-W 2 AH-W 2 w-3 cl DH-FIAT Ferrel Zenkeyioh
g /om sec °C wWom %

500 (9-6-64) 154,8 236,2 248,67 13,20 - 1,32 0,82 1,16 0,96 1,20 -
2% (9-6-64) 153,6 216,4 269,86 10,06 - 1,30 o 0,79 1,18 0,98 1,24 -
214 (9-6-64) 154,1 195,4 293,6¢ 4,69 - 1,28 + - 1,18 0,99 1,26 -
167 (9-6-44) 152,4 179,0 305,18 3,70 - 1,29 0,79 1,22 1,02 1,31 -
176 (8-6-64) 151,2 160,4 327,79 1,61 - 1,26 + 0,78 1,20 1,01, 1,31 -
158 (B-6-64) 13,0 141,0 350,39 -1,54 1,05 o - 0,79 - - 1,32 -
111 (25-11-64) 154,0 125,4 382,89 -2,30 1,03 - 0,75 - - 1,27 -
93 (25-11-64) 154,5 12,7 401,26 -3,33 1,00, - 0,74 - - 1,26 -
108 (24-6-64) 200,3 279,59 203,45 15,36 - 1,46 - 1,16 0,84 1,83 -
72 (24-6-64) 200,2 270,8 210,52 13,00 - 1,48 0,87 1,20 0,88 1,7 -
41 (10-6-64) 197,9 257,8 240,89 11,76 - 1,38 0,78 1,13 0,86 1,21 -
86 (10-6-64) 197,5 238,5 255,73 7,52 - 1,42 0,82 1,20 0,93 1,29 -
70 (10-6-44) 196,0 219,0 81,16 3,9 - 1,40 0,83 1,20 0,95 1,32 -
773(9-6-64) 197,2 216,0 283,99 3,09 - 1,40 0,84 1,21 0,98 1,34 -
237 (9-6-64) 197 ,4 194,0 318,60 -0,06 1,08 - 0,82 - - 1,34 -
189 (9-6-64) 196,1 177,0 343,33 «2,35 1,07 - 0,82 - - 1,35 -
142 (B-6-64) 196,0 159,5 377,24 -3,93 1,04 a 0,79 - - 1,33 -
90 (6-6-64) 195,9 140,0 394,19 -7,85 IACEN - 0,85 - - 1,37 -
121 (25-11-64) 196,2 127,3 429,51 -6,29 1,10 - 0,80 - - 1,32 -
76 (20-11-64) 196,6 11é,0 447,88 -9,25 1,08 . - 0,79 - - 1,30 -
60 (20-11-64) 197,5 110,6 463,42 -9,36 1,05 - 0,77 - - 1,28 -




TABLE LI~

ONB Data for Test Saction n® 1

Pressure « 126 sta (Neminal)

Mass flew inlet Average Exit (ONBR) (DNBR) DNBR) {DNBR) (ONBR) (ONBR) (ONBR)
Run n;o temperature| heat f;uu quelity qQ"-w 2 AH-W 2 w3 CISE AH-FIAT Ferrell Suonkewich

g /om sec *C Wonm %
88 (20-3-44) 103,8 220,0 236,65 18,38 - 1,16 - 1,12 0,92 1,11 -
75 (20.3-64) 196,8 226,5 264,91 - 1,14 1,20 - 0,92 - - 1,35 -
25 (20-3-64) 198,7 198,0 306,71 - 6,04 1,22 - 0,9 - - 1,59 -
128 (25-6-64) 49,8 304,0 107,37 44,47 - 1,20 ,, - 0,95 0,99 1,06 -
34 (25-6-64) 49,8 84,9 119,38 42,02 - 1,15, - 0,97 0,97 1,05 -
122 (2-4-64) 49,1 268,5 134,22 83,79 - 1,07 ++ - 0,84 0,88 0,% -
60 (2-4-64) 49,8 246,5 147,64 40,95 - 1,04 ++ - 0,93 0,90 1,00 -
72 (27-3-64) 48,8 2340 139,16 32,32 - 1,11 40 - 1,1 0,9 - -
12 (27-3-64) 49,5 209, 1 153, 29,3 - 1,09 ... - 1,15 0,97 1,10 -
196 (26-3-64) 50,8 182,0 175,% 28,72 - 1,02 ,,, - 1,09 0,91 1,08 -
88 (26-35-64) 49,1 173,0 169,54 24,89 - 1,05 ., - 1,20 0,95 4 1,09 -
121 (19-11-64) 45,7 59,0 226,06 20,85 - 0,9 - 1,15 0,90 0,93 -
128 (19-11-64) 48,1 49,5 231, 7 16,83 - 0,95, - 1,25 0,90 » 0,95 -
104 (2-4-64) 74,5 266,0 150,19 25,24 - 1,22 - 1,13 0,89 1,1 -
44 (2-4-64) 75,0 242,7 172,37 21,89 - 1,17 - 1,13 0,89 - -
64 (27-3-64) 73,9 230,4 172,37 17,80 - 1,20 - 1,26 0,93 1,14 -
258(26-3-64) 74,0 209, 1 180,85 12,31 - 1,21 + 0,87 1,43 0,96 1,18 -
176 (26-3-64) 74,4 183,8 200,63 9,13 - 1,16 0,86 1,46 0,99 + 1,16 -
57 (26-3-64) 74,0 168,0 212,64 8,44 - 1,14 , 0484 1,44 0,94 + 1,15 -
158 (18-11-64) 75,3 128,7 241,60 4,74 - 1,08 , 0,82 1,42 0,91 » 1,08 -




TABLE 111 (fellows) Pressure » 12s ata (Nominal)
Mass flow Inlet Average Exit ONBR) (DNBR) (DNBR) DNBR) DNBR) (ONBR) (ONBR)
Run ru.; temperature| heat f%wx quality q"-W 2 AH-w2 w3 CIsE ANH-FIAT Ferrel| Rankewich
g /om sec *C Wom %
182 (18-11-64) 74,1 119,6 251,49 4,46 - 1,07 0,80 1,38 0,90 + 1,08 -
196 (18-11-64) 74,3 107,0 266,53 5,15 - 1,085 ¢ 0,76 1,29 0,88 o 1,04
76 {19-11-64) 73,8 6RO 283,2¢ -2,43 1,35 ¢ - 0,83 ¢ - - 0,9 -
83 (19-11-64) 74,1 60,5 285,40 -5,17 1,39 ¢ - 0,87 + - - 0,99 -
46 (3-4-64) 108,2 293,0 139,87 12,30 - 1,40 - 1,23 0,86 1,2 -
95 (2-4-44) 104,0 266,0 163,89 12,26 - 1,34 0,85 1,34 0,90 1,20 -
29 (2-4-64) 104,1 246,5 185,79 9,55 - 1,27 v,83 1,34 0,89 1,18
44 (27-3-64) 104,1 251,5 194, 9% 5,71 - 1,27 0,88 1,48 0,92 1,21
245 (26-3-64) 103,1 209,6 219,52 2,27 - 1,26 0,9 « 1,60 0,95 1,23 -
37 (26-3-64) 102,7 1810 240,19 -1,0 1,32 - 0,09 , - - 1,19 -
1§"7 (26-3-64) 105,3 177,% 248,67 -1,43 1,29 - 0,86 , - - - -
59 (18-11-64) 103,5 169,6 248,67 -3,61 1,46 - U, % . - - 1,20 -
42 {18-11-64) 103,5 140,2 261,38 -3,79 1,41« - 0,90 - - - 1417 -
19 (18-11-64) 103,7 146,7 264,21 -8,1 1,49 ¢ - 0,94 4 - - 1,2 -
50 (17-11-64) 10s,8 137,68 274,80 -8,85 1,40 - 0,93 ¢ - - 1,18 -
28 (17-11-64) 105,6 130,5 285,40 -8,57 1,39 ¢ - 0,90 + - - 1,15 -
25 (16-11-64) 103,7 123,2 295,99 -8,58 1,57 - 0,87+ - - 1,43 -~
158 (25-6-64) 156,9 30%,0 129,28 8,31 - 1,61 1,17 1,55 0,85 - -
39 (3-4-64) 155,1 294,5 148,35 8,42 - 1,51 0,9 1,42 0,83 1,35 -
50 (25-6-64) 153,1 87,5 150,47 5,16 - 1,52 1,05 1,59 0,88 - -




TABLE Vil{follews)

pressure = 123 ata (Neminal)

Mass flow inlet Average Exit {DNBR) DNBR) {(ONBR) (ONBR) {DNBR) (ONBR) (DNBR)
Ron rn;o temperature | heat flgx quellty q"-w 2 AH-W 2 w3 CISE AH-FIAT Ferrel| UEenkemioh
9 /cm sea *C Wom %
74 (25-6-64) 154,5 284,7 198,24 5,78 - 1,50 1,02 1,52 0,87 - -
B (2-4-64) 152,6 270,8 179,01 3,70 - 1,42 0,95 1,49 0,87 1,29 -
% (27-3-64) 152,6 253,2 204,87 -0,03 1,37 1,33 0,93 1,49 0,87 1,25 -
34 (27-3-64) 153,7 228,5 229,59 =5,11 1,42 - 0,% - - - -
235 (24+3-64) 153,2 211,5 248,67 -7,54 1,40 - 0,% - - - -
140 (26-3-54) 155,3 176,9 285,40 -15,30 1,45 - - - - 1,31 -
70 (25-3-64) 152,1 170,5 291,05 -16,59 1,45 - - - - - -
80 (18-11-64) 154,1 158,28 308,71 -18,29 1,50 « - - - - Wel -
85 (18-11-64) 154,4 1492 316,48 -20,29 1,54 « - - - - 1,32 _
93 (18-11-64) 153,7 138,4 330,61 -21,62 1,49 » - - - - _ -
29 (3-4-54) 200,2 292,0 166,72 4,34 - 1,49 1,01 1,44 0,78 - -
9% (25-6-54) 199,0 283,7 178,02 1,92 - 1,48 1,01 1,49 0,81 - -
o4 (2-4-64) 196,9 267,4 204,16 -1,63 1,42 - 1,00 - - - -
81 (27-3-64) 198,3 246,5 245,13 -4,32 1,34 - 0,9 - - _ -
24 (27-3-64) 196,5 234,0 265,62 -6,63 1,33 - 0,93 - - . -
57 (27-3-64) 196,1 231,5 267,03 -6,% 1,33 - 0,94 - - . _
21é (26-3-64) 196,3 211,7 294,58 -11400 1,34 - 0,97 + - - 1,26 -
117 (26-3-64) 199,0 81,2 343,33 -16,59 1,32 - - - - 1,24 -
49 (25-3-64) 195,8 176,13 351,81 -17,71 1,31 - - - - - _
142 (18-11-64) 197,6 167,5 359,58 -19,74 1,36 - - - . ] _
113 (18-11-44) 197,5 160,7 366,64 -21,25 1,36 , - - - - - -




TABLE 1| DNB - Data for test section n° 1 Pressure = 140 ata (Nominal)

Mass flew Inlet Average Exit (DNBR) (ONBR} (ONBR) (DNBR) (ONBR) (ONBR) (DNBR)
Run ru‘; temperature| heat ;luu quality qQ"-¥ 2 ANH-W2 w3 CISE AN-FIAT Ferrel lenkewion

9 /om seo C Wom )
78 (11-3-64) 50,3 319,6 74,17 31,58 - 1,51 44 - 1,13 1,10 - -
97 (11-3-64) 49,6 312,0 78,414 30,61 - 1,47 ++ - 1,17 1,11 - -
120 (11-3-64) 50,0 291,4 92,54 27,% - 1,36 4, - 1,19 1,06 1,26 -
217 (12-3-64) 49,4 274,6 9,0 24,22 - 1,32 ** - 1,26 1,04 1,25 -
192 (12-3-64) 49,6 252,4 113,03 21,82 - 1,25 ++ - 1,31 1,01 1,22 -
178 (12-3-64) 49,9 234,5 131,39 23,% - 1,13 ., - 1,16 0,92 1,12 -
119 (12-8-64) 49,0 225,3 135,06 22,4 - - - 1,13 0,% 1,09 -
103 (12-3-64) 49,3 21,8 157,04 21,93 - 1,09 ., - 1,19 0,90 1,90 -
186 (13-3-64) 51,3 191,0 164,60 22,89 - 1,03 +++ - 1,12 0,87 + 1,06 -
99 (13-3-64) 51,3 172,5 175,19 20,39 - 1,00 +++ - 1,10 0,85+ 1,02 -
56 (10-11-64) 49,4 103,9 206,99 16,9 - 0,94 44+ - 1,1 ¢, . 0,9 -
139 (27-21-84) 49,4 106,8 209,10 17,48 - 0,92 +** - 1,04 0,80 + 0,92 -
S0 (30-11-64) 49,3 91,7 223,23 20,74 - 0,89 +++ - 0,96 0,79 « 0,89 -
46 (30-11-64) 49,5 85,1 226,06 16,99 - 0,89 +++ - 0,91 0,78 + 0,88 -
31 (350-11-64) 50,8 64,1 240,19 18,94 - 0,89 +++ - 1,01 0,7 « 0,8% -
21 (50-11-64) 49,2 53,0 248,86 20,80 - 0,85 +++ - 0,9 0,76 + 0,80 -
13 (30-11-64) 50,5 47,8 255,02 18,56 - 0,86, - 0,92 0,76 « 0,80 -
58 (11-3-64) 75,9 317,2 82,65 19,77 - 1,7 - 1,38 1,03 1,50 -
S0 (11-3-44) 74,4 812,5 86,89 18,82 - 1,63 - 1,36 1,01 1,44 -
25 (11-3-64) 73,5 29%4,8 104,55 16,79 - 1,47 - 1,34 0,% 1,31 -




JABLE {1 - (Follows)

Pressure = 140 sta (Neminal)

[Mu‘ Flew Inlet Average Exit (DNBR) {ONBR) (ONBR) (ONBR) (ONBR) (ONBR) (ONBRY
Run l‘l;. temperatyre | hest '5“ quality Q- 2 AH-w 2 w3 GISE AHFIAT Ferrel Zenkewioh
g /om sec [ W om %

36 (11-3-54) 73,3 288,1 115,85 16,76 - 1,37 - 1,27 0,91 1,23 -
24 (11-3-64) 74,9 270,8 129,27 14,6 - 1,33 0,89 1,35 0,9 1,21 -
19 (11-3-64) 16,2 26,5 131,39 12,62 - 1,36 0,% 1,45 0,83 1,24 -
9 (11-3-64) 75,0 251,0 144,82 11,99 - 1,27 0,90 1,4 0,91 1,19 -

4 (11-3-64) 72,2 242,2 144,11 10,12 - 1,30 0,97 1,55 0,94 1,23 -
33 (12-3-54) 73,6 214,5 169,54 6,39 - 1,20 0,92 , 1,56 0,90 1,17 -
179 (13-3-54) 74,8 197,0 194,27 7,17 - 1,10 0,62 , 1,34 0,85 + 1,09 -
79 {13+43-54) 74,2 187,0 203,45 7,31 - 1,08 0,76 o 1,30 0,84 « 1,07 -
31 (27-11-64) 74,3 135,1 241,60 0,72 - 1,02 0,79 1,35 0,82 » 1,00 -
50 (27-11-64) 74,9 17,9 248,66 -4,06 1,49 o - 0,84 + - - 1,01 -
47 (27-11-64) 74,8 109,9 252,90 -4,78 1,49 - 0,84 - - 0,99 -
15 (27-11-64) 74,4 106,3 264,21 ~1,47 1,46 o - 0,77 , - - 0,97 -
37 (27-11-64) 74,0 91,0 269,15 -5,57 1,43 - 0,82 , - - 0,95 -
22 (27-11-64) 73,9 81,0 292,46 -0,23 1,43 - 0,69 , - - 0,88 -
26 (27-11-64) 74,3 71,3 299,53 -2,09 1,4, - 0,70, - - 0,86 -
260 (12-3-64) 105,9 324,35 74,88 13,04 - 1,9% 1,44 1,66 1,02 1,80 -
270 (12-3-64) 104, 1 324,2 77,00 13,42 - 1,94 1,43 1,60 0,99 - -
55 (12-3-64) 102,86 317,2 84,06 11,78 - 1,87 1,34 1,66 1,01 1,67 -
248 (12-3-54) 103,4 315,0 96,18 10,95 - 1,85 1,35 1,70 1,02 1486 -
245 {12-3-64) 101,9 297,6 109,49 9,01 - 1,62 1,16 1,64 0,96 1,44 -




TABLE 111 - (Follows)

Pressure = 140 ata Nominal)

Mass flow Inlet Aversge Exit DNBR) {ONBR) (DNBR) (DNBR) (DNBR) (ONBR) {ONOR )
on nt; tesperature | heat f%w( quality q"-w 2 An-w 2 w-3 CiSE AH-FIAT Ferrel lenkayich
9 /om sec *C Wom %

232 (12-3-64) 103,4 275,C 134,22 4,35 - 1,48 1,10 1,76 0,95 1,34 -

208 {12-3-64) 103,9 251,2 155,41 -0,75 1,71 - 1,1 - - 1,32 -
151 (12-3-64) 103,5 237,7 173,78 ~2,33 1,53 - 1,03 - - 1,25 -
44 (12-3-64) 102,9 216,40 197,80 -3,87 1,54 - 0,99 - - - 1,21 -
168 (12-3-64) 105,1 195,0 216,17 -7,87 1,54 - 1,02, - - 1,2 _
112 (26-11-54) 105,7 187,6 231,00 ~7,53 1,57 - 0,94 + - - 1,44 -
105 (26-11-64) 108, 1 174,86 238,77 40,64 1,57 - 0,9 , - - 1,16 -
9B (26-11-64) 103,7 168,3 245,84 -10,77 1,56 - 0,95 + - - 1,14 -
75 (25-11-64) 103,6 160,2 283,37 -13,44 1,54 , - 0,99 . - - 1,15 -
o1 (26-11-G4) 103,3 151,5 251,49 -14,96 1,63 . - 1,03 o - - 1,17 -
138 (26-6-64) 152,9 326,0 94,66 11,19 - 1,67 1,22 1,42 0,71 _ -
120 (26-G-64) 154,2 315,2 110,91 7,81 - 1,60 1,17 1,52 0,78 - -
114 (26-6-64) 152,9 297,6 157,09 3,81 - 1,48 1,1 1,62 0,83 - -
105 (26-G-G64) 154,7 73,7 173,78 -1,03 1,55 - 1,01 - - 1,28 -
51 (26-6-64) 153,3 260,5 187,20 -5,41 1,60 - 1,07 - - - -
80 (26-6-64) 185, 0 236,5 223,23 -8,52 1,50 - 1,00 - - 1,23 -
48 (26-6-64) 153,8 217,4 247,25 -11,83 1,47 ~ 1,00 - - 1,2 -
35 (26-6-064) 152,3 200,2 237,03 -14,76 1,46 - 1,01 + - - 1,20 -
18 (26-5-64) 153,0 179,0 288,22 -20,69 1,50 - - - - 1,20 -
125 (26-11-64) 153,4 170,2 504,47 -21,13 1,44 - - - - 1,17 -




TABLE 144 {Follows) Pressure - 14U ata (Nopinal)
Mass flow inlet Average Exit (ONBR) (ONBR) (ONBR) {ONBR) (ONBR) {DN3R) (DNBR)
Run rut; temperature | heat féux quality q"-w 2 AH-w 2 W-3 CI5i QH-Fial Ferrel Lers WIGh

g /cm sec °C wWem %
154 (2=11-.4) 154,5 150,8 520,72 -28,09 1,46 o - - - - 1,12 -
300 {12-3-54) 193,9 524,0 110,20 8,57 - 1,52 1,12 1,38 u, s 1,60 -
125 (27-11-34) 198, 0 293,1 179,79 0,79 - 1,27 0,90 1,26 ¢,71 1,23 -
112 {27-11-34) 197,14 276,1 210,52 -2,99 1,47 - G,68 - - 1,17 -
102 (27-'1-54) 198,4 55,7 247,95 - 6,88 1,41 - G,E7 - - 1,13 -~
81 (27-11-34) 199,1 233,1 281,16 -11,75 1,35 - 0,91 - - 1,13 -
77 (27-11-54) 197,7 215,2 509,42 -15,43 1,36 - - - - L, -
154 {15-3-34) 19,5 198, 335,25 -17,38 1,31 - - - - 1,12 -
71 (27-11-34) 197,9 195,5 332,73 -19,8 1,30 - - - - 1,14 -
152 {2>-11-34) 199,7 188, > 347,57 -21,5 1,54 - - - - 1,12 -
140 (20-11-34) 197,2 170,2 373 i -24,07 1,34 - - - - 1,11 -




TABLE IV DNB Data for test section n® 1 B Pressure » ‘26 sta (Nominal)
[Mnu flow Inlet Aversge Exit {ONGR) (DNBR) (DNBR) {DNBR) (DNBR) (DNBR) {ONBR)
Run rut; temperature | hes. f%u& quelity q"-w 2 AH - W2 w3 ¢l AR-F AT Ferrel lenkeyioh
g /cm sec °C Wem %
134 (13-10-64) 155,6 313,5 146,06 17,07 - 1,33 - 1,20 1,5 1,21 -
120 (15-10-64) 155,5 29%0 164,94 13,24 - 1,32 1,06 1,27 1,08 1,18 -
99 (13-10-564) 151,4 68,0 182,02 12,03 - 1,26 1,00 1,26 1,0 1,14 -
79 (15-10-64) 156,0 267,5 218,61 7,54 - 1,21 0,99 1,29 1,05 1,11 -
55 (13-10-p4) 156,7 245,7 244,43 3,65 - 1,19 1,04 1,57 1,07 1,12 -
27 (13-10-64) 156,9 227,4 266,29 -0 ,34 1,17 - 1,08 - - 1,13 1,32
81 {12-10-64) 156, 1 173,7 344,78 -7,32 1,11 - 1,03 , - - 1,10 1,37 »
54 (12-10-64) 157, 3 1240 403,41 -15,32 1,13 . - - - - 1,07 1,55
18E (14-10-64) 202,3 315,5 166,93 13,24 - 1,22 - 1,10 0,95 1,1” -
95 (14-10-64) 202,3 504,5 184,81 11,9 - 1,23 0,9 1,4 0,99 1,14 -
77 (14-10-64) 195,8 295,0 202,70 10,99 - 1,19 0,91 1,13 0,99 1,10 -
21 (14-10-64) 202, 76,5 238,47 5,82 - 1,16 0,93 1,16 1,01 1,08 -
47 (14-10-54) 189,7 27,5 311,99 -1,8 1,08 - 0,96 - - 1,07 1,25
39 (14-10-64) 201,7 175,3 £9,% -14,02 1,16 - 1,13+ - - 1,13 1,71 »
19 (14-10-64) 195,5 127,5 439,18 -23,17 1,21 « - - - - 1,13 1,97 ,
+ Data ;)bulnod with inlet enthalpy out of renge
for Ferrel's correlation sll data sre out of renge for lenght




TABLE |V - (Follows)

Pressure « 126 ats (Nominel)

Mass flow | Inlet Aversge Exit [ONBR) (DNBR) (ONBR} (ONBR) (DNBR) (DNBR) (ONBR)
Run ruoz tempersturd heat ﬂzuu quelity Q- 2 An-v 2 w-3 CiSE AM-FIAT Ferrel| Zenkewieh
9 /om sec *C Wom %
74 (15-10-54) 301,1 307,0 206,87 7,25 - 1,27 1,00 1,10 0,9 1,19 -
59 (15-30-54) 97,7 297,5 235,48 5,04 - 1,20 0,9 1,08 0,% 1,13 -
38 (15-10-64) 29,1 m,s 291,13 1,32 - 1,18 0,93 1,01 0,9? 1,06 -
30 (15-10-64) 29,2 224,0 416,32 -8,44 1,08 - 0,99 - - 1,05 1.53 .
22 (15-10-34) 29,9 177,2 802,77 -19,85 1,12 - - - - 1,% 1.92 »




TABLE V - DNG deta for test section n® 1 C Pressure = 132 ata (Nominal)

Mass flow Inlet Average Exit (DNBR) {ONBR) (ONBR) (DNBR) (ONBR) (ONBR) {ONBR)
Run n%- temperature | heat f%un quality q-v 2 AH-w 2 w-3 CIsE AH-F1a Ferrel lenkewkch
o /om sec °C Woa %
17 (3-3-68) 2,9 322,3 100,87 34,38 - 1,24 - 0,95 0,93 1,17 -
87 (2-3-6%) 93,8 311,8 108,58 29,46 - 1,25 - 1,02 0,97 1,19 -
237 (1-3-63) 72,56 84,5 134,49 28,05 - 1,11 - 0,99 0,% 1,08 -
130 (1-3-69) 94,1 233,1 176,23 2,2 - 1,03 - 1,07 0,93 1,06 -
62 (26-2-65) 90,7 188,3 208,37 17,93 - 0,% - 1,09 0,95 + 1,04 -
45 (16-2-6%) 9,9 145,8 233,52 10,09 - 0,97 1,08 [ 1,22 0,95 + 1,04 -
105 (3-3-65) 94,6 85,8 278,84 5,83 - 0,93 . 0,93 .| 1,27 0,9 + 0,9 -
31 (3-3-65) 139,8 321,8 108,5 22,13 - 1,34 - 1,14 0,98 1,34 -
80 (2-3-65) 136,8 315,8 109,56 19,78 - 1,34 - 1,18 1,01 1,32 -
9 (2-3-68) 140,3 309,85 120,58 19,12 - 1,29 - 1,17 0,99 1,25 -
11 (2-3-63) 136,35 288,0 133,04 18,57 - 1,16 - 1,10 0,95 1,13 -
145 (1-3-69) 139,9 234,4 208,11 7,% - 1,0€ 0,9 1,25 0,9 1,1 -
15 (1-3-65) 157,7 185,9 253,91 1,58 - 1,08 0,99 , 1,35 0,99 « 1,09 -
93 (26-2-68) 139,14 134,6 310,72 3,78 1,26 o - 0,97 ., - - 1,03 1,16,
145 (3-3~65) 142,8 84,5 377,39 ~7,54 B, - 0,4 - - 0,9 wae

+ Data obtained with inlet enthalpy out of range

. For Ferre'ls correlstion sll data are out of renge for equivalent diemeter and lenght




TABLE V -(Follows)

Pressure « 152 ata (Nominsl)

Mass flow Inlet Average Exit (ONBR) (DNBR) (ONBR) (ONBR) (ONBR) (ONBR) (DNBR)
Run rat; temperature | hest f%ux quality q"-w 2 DH-W 2 w3 CISE AH-FIAT Ferrel| Zenkewich
g /cm sec *C Won X
45 {3-3-65) 81,2 323,2 108, % 17,47 - 1,36 - 1,2 1,00 1,43 -
110 {2-3-65) 185,5 ¥09,5 132,17 13,85 - 1,29 1,09 1,22 1,00 1,30 -
22 (2-3-65) 183,9 282,80 177,39 10,39 - 1,15 0,97 1,18 0,% 1,15 -
159 {1-3-65) 175,6 233,1 240,00 3,34 - 1,06 0,9 1,22 0,99 1,10 -
31 (1-3-65) 185,4 181,1 314,20 -5,11 1,17 - 1,00 - - 1,08 1,39 .
104 (26-2-65) 185,1 131,9 385,51 ©10,45 1,12 - 0,9 - - 1,00 1,3 ,
166 {3-3-65) 109,4 84,8 466,66 -13,80 1,02« - 0, - - 0,91 1,28
61 {3-3-65) 224,1 323,5 113,62 14,25 - 1,38 1,23 1,26 1,01 1,05 -
131 (2-3-65) 229,0 307,8 146,09 10,49 - 1,28 1,11 1,23 1,00 1,31 -
34 (2-3-65) 229,2 279,8 204,06 6,16 - 1,14 0,97 1,84 0,9% 1,13 -
175 (1-3-65) 77,3 231,0 280,58 -2,22 1,19 -~ 1,00 - - 1,09 1,44
57 (1-3-65) 229,1 186,4 353,62 -8, 1,11 - 1,02 - - 1,07 1,57 +
119 (26-2-63) 232,8 27,0 451,59 -16,59 1,07 - - - - 1,00 1,64+
176 (3-3-65) 230,85 es,8 522,% -19,34 1,01 - - - - 0,92 1,52 »
80 (3-3-65) 303,7 325, 131,01 13,17 - 1,31 1,19 1,19 0,9 1,48 -
141 {2-3-68) 314,2 300,0 174,49 7,% - 1,25 1,02 1,08 0,9 1,24 -
47 (2-3-65) 301,0 7,5 227,82 4,67 - 1,13 0,92 1,00 0,94 1,08 -
215 (1-3-65) 312,6 235,2 347,24 -4,80 1,10 - 0,9 - - 1,02 1,48
110 (1-3-65) 316,7 183,0 459,13 -13,59 1,06 - 1,01 - - 1,01 1,69 ,
135 (26-2-65) 316,2 133,2 557, 1 -21,08 1,00 - - - - 0,98 1,81
191 (3-3-65) 315,4 104,9 327,82 -23,37 0,% - - - - 0,92 1,68
209 (3-3-65) 316,4 89,3 664,92 |- 25,14 0,9 - - - - 0,88 1,67 o




TABLE VI ONB QUALITY € - 15%
RUN PRESSURE [MASS ,.-w{m.sr suacoo| ExiT  [ONB-FIELD [2/L) DNBPREDICTED  [MEASURED o ONB XIAL FLUX
Ne ata Rage fING QuaLt Y [ (/L) PREDICTED| o ,  [a"owe g |QUALITY EORRELATION | DISTRIBUTION
g/om seg *C % WEASURED ¥ /ca Yea ]
52(7-10-64) | 126,2 152,9 83,7 -6,5 |0,61-0,65| 0,5 370,62 307,29 1,20 | - 19,3 [Ferrel Symmetrical
0,% 442,16 317,32 1,3 | - 20,5 |q*(w-2) Sosine
Test Section n® 2
117(6-10-64) | 126,2 152,7 106,0 -11,% |o,61-0,65| 0,5 423,16 343,37 1,23 | - 26,1 |Ferrel Symmetriosl
0,% 514,47 354,57 1,485 | - 27,4 [q"(w2) Cosine
Test Section n® 2
106(6~10-64) | 125,2 153,5 145,0 -2,0 |o,61 -0,63] 0,5 512,24 385,42 1,32 | - 38,4 |Ferrel Symmetricel
0,59 644,65 99,04 1,60 | - 39,9 | q®(w-2) Cosine
Test Section n® 2
95(6-10-64) | 126,2 148,4 157,0 -21,7 |o,64 - 0,65] 0,5 545,85 456,85 1,21 | - 41,4 [Ferre1 Symmetrical
0,55 887,12 465,35 1,87 | - 45,2 [q"(w2)* Cosine
Test-Section n® 2
103(7-10-54) | 127,7 19,0 69,4 -7, [o,61-0,68] 0,5 | 385,83 324,89 1,19 | - 17,9 [Ferrel Symmetricel
0,55 442,40 331,88 1,33 | - 18,5 | q"(w-2) Cosine
Test section n® 2
73(7-10-54) | 126,2 197,7 87,0 -12,1 |o,61 - 0,65] 0,58 434,17 344,54 1,26 | - 23,3 |Foerrel Symmetricsl
0,5 508,34 355,76 1,43 | - 24,3 | q"(w2) Coalne
Teat Section n® 2

+ Data obtained with inlet enthslpy out of range

For Farrel's correlation the data are out of range for equivslent diameter and length

For q"(¥-2) comelstion all dats relsted to symmetrical cosine heat flux distribution sre out of range for equivslent dismeter.




TABLE VI -~ (follows)

ONB JALITY £ - 15%

RUN PRESGURE [MASS FLCW INLET SUB- ERIT CNB-FIELD (Z/L)ONB| PREDICTED |MEASURED RDNB DNB AIAL FLUX
ata RATE | CUOLING QUALITY [Z/1) PREDICTED] q"DNB q" DNB QUALITY JCORRELATION | CISTRIBUTION
N° g/cmzsec oC % MEASURED W/':m2 chz %
33(15-2-65) 139,7 95,0 143,9 - 14,5 0,53-0,02 0,56 355,31 297,95 1,19 - 35,8 Ferrel Symmetrical
0,55 539,37 307,69 1,75 - 37,6 | q"(w-2) Cosine
Test section n® 2
38(10-12-64) 131,3 141,7 136,4 - 8,8 0,79-0,87 6,72 335,20 549,02 0,9 - 24,3 Ferrel Upward skewed
0,70 457,59 352,7¢ 1,29 - 24,0 q" (w-2) asymmetrical sine
test section n® 2B
52(10-12-64)| 130,3 142,4| 140,5 -10,5 | 0,74-0,87 0,72 345,27 349,02 0,9 - 25,0 | Ferrel Upward skewsd
0,70 471,24 352,78 1,33 - 27,1 q"(wW-2) asymmetrical sine
test section n° 2B
51(10-12-64)| 132,3 142,35 141,0 -11,3 | 0,80-0,85 0,72 339,93 349,02 0,97 - 26,5 | Ferrel Upward skewad
0,70 474,71 352,78 1,34 - 27,7 | q"(w-2) asymnetrical sine
test section n® 2B
97(9-12-64) | 131,3 142,5| 141,9 - 8,2 | 0,82-0,87 0,72 343,37 358,51 0,93 - 24,6 | Ferrel Upward skewed
c,7u 455,55 372,49 1,25 - 25,9 q" (w-2) asymmetrical sine
test section n® 2B
26(10-12-64)| 130,7 142,5| 142,71 - 9,6 | 0,66.0,87 ©,72 344,92 358,75 6,95 - 25,6 | Ferrel Upward skewed
¢,70 471,26 362,64 1,%C - 26,9 q" (W-2) asymmetrical sine
test section n°® 2B
14(16-12-64)| 151,3 142,5| 46,7 -12,1 | ©,80-¢,93 6,70 454,00 359,07 0,98 - 29,2 | Ferrel Upward skewed
C,7C 485,92 359,07 1,35 - 29,2 q" (wW-2) asymmetrical sine
test section n® 28
73(9-12-64) | 130,7 143,8| 152,8 -11,8 | ©,82-0,85 €,72 360,45 374,50 C,95 - 28,6 | Ferrel Upward skewed
G,7¢ 4Y5,52 386,57 1, - 29,5 M (w-2) asymmetrical sine
test section n® 28
50(9-12-64) 131,7 142,7 177,0 -14,8 0,79-0,84 0,72 384,47 415,28 0,92 - 33,0 Ferrel Upward skewed
0,70 543,47 419,79 1,29 - 34,5 | ;"wW-2)F | asymmetrical sine
test saction n® 28
83(9-12-64) 131,3 143,1 198,0 -15,8 0,79-0,84 0,72 40.,% 455,25 0,89 - 36,6 Ferrel Upward skewed
0,70 584,75 451,18 1,26 - 3,3 | q"(w-2)* | asymmetrical sine
test-section n® 2B




TABLE VI - (Fellows) DN8 QUALITY <« - 1%

A PRESSURE  MASS FLOW INLET SUB- EXIT ONB-FIELD [(Z/L)ONB |PREDICTED MEASURED DNB AKIAL FLUX
ne ate RAJE COOLING QALHFY | (2/L) IPREDI CTED] " DNB 2 1" ONB 2 RNB QUALITY | CORRELATION DI STRIBUTION
g/oa sec *C % MEASURED M/ om W/ cm %

33(9-12-64) | 130,3 143,6 201,3 -18,5 | o0,82-0,88 | 0,72 412,41 452,34 0,9 | - 37,8 | Ferrel Upward skewed
0,70 597,38 457,34 1,30 | - 39,5 | q"(w-2) %] asyometrical sine
test section n® 28

29(11-12-64) | 131 ,3 | 145,0 251,2 -27,6 | 0,76-0,85 | 0,72 447,89 549,83 0,861 | - 50,4 | Ferrel Upwerd skewed
0,80 632,55 485,20 1,30 - 41,4 | q"(w-2) + asymmetrical sine
test section n® 28

33(21-12-54) | 132,3 16,3 107,1 -8,0 | 0,70,85 | 0,71 345,08 370,91 0,93 | - 21,4 | Ferrel Upward skewed
0,70 444,31 370,52 1,20 | - 21,4 | q"(w2) ssyanetricsl sine
test section n* 28

142(11-12-64) | 131,3 183,9 136,6 -12,5 | 0,76-0,85 | 0,72 291,31 421,15 0,93 | - 27,0 | Ferrel Upward skewed
0,70 511,72 425,7M 1,20 - 28,2 q" (w-2) ssysmetrical sine
test section n® 28

119(11-12-64) | 129,7 15,5 142,58 -14,1 | 0,79-0,88 | 0,72 406,42 430,89 0,9 | - 28,4 | Ferrel Upwardsskewed
0,70 531,88 435,55 1,22 - 29,6 q" (W=2) asymmatricsl sine
test-seotion n® 28

155(11-12-64) | 131,3 186,7 19,5 -20,6 | 0,75-0,85 | 0,72 475,41 545,92 0,87 | - 38,8 | Ferrel Upward skewed
0,70 645,84 551,64 1,17 | - 40,3 | q"(w-2)+ | asymmetricsl sine
test section n® 28

186(11-12-64) | 130,3 196, 1 197,0 -25,9 | 0,79-0,85 | 0,72 498,36 534,22 0,93 | - 42,8 [ Ferrel Upward skewed
0,70 587,93 540,01 1,27 -44, 2 q"(-2)4 | ssymmetricsl sine
test section n*20

213(11-12-54) | 131,3 86,1 239,5 - 29,8| 0,73-0,85 | 0,72 515,92 612,21 0,04 | - 49,8 | Ferrel Upward skewed
0,70 764,50 518,85 1,23 - 54,5 q"(w-2) ¥ | asymmetrical sine
test section n® 28

223(11-12-64) | 134,3 186,5 242, -31,1 | 0,73-0,85 [ 0,72 518,00 610,25 0,85 | -51, 0 | Ferrel Upward skewed
0,70 775,56 516,68 1,25 | - 52,7 | q"(w.2) + | Asyemetricsl sine
test-section n° 28

190(18-12-64) | 132,7 [ 229,3 5,2 -8,4 | 0,79%-0,85 [ 0,71 362,39 400,20 0,00 | - 20,0 [ Ferrel Upward skewed
0,70 456,87 400,10 1,14 | - 20,0 | q"(w2) Asymmetrical sine
test section n® 28




TABLE VI {Follows) ONB QUALITY < - 15%

RUN RESSURE ﬁﬂSS FLOW| INLET SUB- | EXIT DRB-FIELD (Z/L)ONB [P2EDICTED MEASURED DNB AKIAL FLUX
Ne ate RA;E COOLING QUALITY | (/L) PRBDICTED Q™ DNB 2 q" DNB2 R QUALITY LORRELATION DISTRIBUTION
g/cm sec o %X MEASURED wem W cm DNB %
185(18-12-64) 131,7 29,4 95,3 - 8,3 0,79 - C,85| 0,71 360,81 395,57 0,91 - 18,9 | Ferrel Upward skewed
0,70 457,27 400, 08 1,14 - 18,9 q" (w-2) asymmetrical sine
test section n® 28
118(17-12-64)| 131,3 | 223,5 145,8 -16,7 0,79 - 0,221} 0,7 452,81 497,19 0,91 - 30,8 | Ferrel Upward skewed
0,70 581,19 52,57 1,15 - 30,8 | q" (w-2) asymmetrical sine
test section n® 28
92 (17-12-64) 134,3 224,4 147,2 - 1,0 |8,79 - 0,82 0,72 460,22 499,15 0,% - 32,1 | Ferrel Upward skewed
0,70 594,12 502,96 1,17 - 32,0 | q" (w-2) asymmetrical sine
test section n® 2B
71(17-12-64)| 130,3 232,5 199,9 - 26,8 |0,70 - 0,82 0,72 559,29 635,62 0,88 - 43,6 | Barre} Upward skewed
0,70 745,01 642,50 1,16 - 43,0 | q"tw2)* |asymmetrical sine
test section n® 28
85(17-12-64) 13,3 2335,0 203,2 -~ 28,3 |C,79 - 0,82| 0,72 561,25 635,62 0,88 - 45,3 | Ferre] Upward skewed
0,70 758,06 342,50 1,18 - 45,0 q2)* | asymmetrical sine
test section n® 28
57(17-12-64) 132,3 232,8 259,1 - 3,8 |0,79 -0,82]| 0,72 604,71 760,39 0,79 - 57,7 | Ferrel Upward skewed
c,70 910,38 768,64 1,18 - 57,0 | q"(w-2) * | asysmetrical sine
test section n* 28
66(21-12-64) 131,3 31,9 102,0 - 11,3 |0,79 - 0,82} 0,7 450,92 538, 50 0,84 - 22,9 | Ferrel Upward skewed
¢,70 551,82 538,02 1,02 - 22,9 | q"(w-2) asymmetrical sine
test section n® 28
s5(21-12-64)] 131,53 [ 312,0 102,3 - 1,3 |o,79 - 0,82] 0,7 451,84 54,59 0,83 - 22,9 | Ferrel Upward skewed
0,70 552,71 540, 2 1,02 - 22,%] q"(w2) ssymmetrical sine
test section n® 28
13708-12-64)| 131,53 | 301,4 143,8 - 2,5 |o,79 - ¢,82] 0,72 541,90 315,13 0,88 - 33,5 | Ferrel Upward skewed
0,70 080,07 222,8C 1,09 - 33,0 | q"({w-2) asymmetrical sine
test section n° 28
74(18-12-64) 131,3 304,3 150,0 - 21,0 0,79 - (,82 c,72 559,35 335,02 c,88 - 35,8 | Ferrel Upward skewed
6,70 703,97 642,50 1,00 - 35,0 | q"(w2) asymmetrical sine
test section n® 28




TABLE Vi -(follows)

DNG QUALITY « - 156

RN k’?ESSUﬁE MASS FLOW INLET SUB- EXIT MBS IELD (UL)WBLREOICYED MEASURED b 1] AKIAL FLUX
ne ste u;s COOL ING QALITY | (70) b2r0fCTED [q* DNG 2 q" One 2 “one QUALITY | COIRELATION | DISTRIBUTION
g/on sec ¢ % MEASURED H/ca LT X
31{18-12-64)] 130,7 | 316,5 201,6 - 31,5 lo,7 - 0,82]| 0,72 662,% 805,24 0,85 | - 47,3 | Ferrel | Upwerd skewsd ]
0,70 884,98 813,9% 1,08 | - 47,0 | q%(w-2) + | seymmetrical sine
test section n® 28
49(18-11-64)| 131,53 | 317,3 205,3 - 33,6 |o,79 - 0,82] 0,72 587,47 799,40 0,86 | - 49,2 | Ferrel Upwerd skewed
0,70 904,60 808,05 1,12 | - 49,0 | q"(w=2)* | asymmetrical sine )
tast section n® 20
136(24-3-53) | 131,4 9,5 201,9 - 2,1 |05 - 0,9 0,41 456,44 384,72 1,% | - 42,0 | Ferral Down skewed
0,50 526,45 327,80 1,90 - Q(w2)T | asymmetrical sine
ﬁout section n® 2C
69(25-3-65) 132,4 9,4 2413 - 0,02 10,5 < 0,09] 0,81 476,37 451,81 1,06 | - 47,7 Ferrel Oown skewed
0,50 359,73 384,95 1,48 - q"(w-2)1 | ssyasetrical eine
test section n® 2C
92(24-3-55) 131,7 02,8 147,3 - 8,9 |0,% -0,64] 0,5 513,56 428,37 1,20 | - 29,3 | Ferrel Down skewed
0,50 572,73 428,37 1,33 | - 29,3 | q"(w2) | ssysmetrical sine
test section n® 2C
14(23-3-65) 130,3 | 82,2 195,2 - 17,3 |o,%2 - 0,58 ] 0,41 677,66 570,86 1,18 | - 48,7 | Ferrel Down skewed
0,50 584,97 486,49 1,40 - q" (-2}t | ssyamatrieal sine
_tesgsaection n® 2C
83(25-3-65) 132,4 182,0 248,6 - 24,7 10,5 - 0,62] 0,42 721,56 669,39 1,09 - 60,1 Ferrel Oown Skewed ]
0,30 815,20 580, 63 1,40 - q"{w-2) ¥ | esymmetrical sine |
test section n® 2C
37 (24-3-55) 131,2 ) 312,10 96,9 - 7,2 |0,% - 0,54] 0,44 588,78 570,17 1,03 | - 25,5 | Ferrel Oown skewed
0,50 566,95 485,62 1,16 - Q" (4-2) asymmetirical slne
test section n® 2C
116024-3-65) | 130,35 | 311,6 146, - 18,4 lo,52 - 0,59] 0,41 768,65 688,54 1,14 | - 40,8 | Ferrel Down skewed
0,30 745,08 586,68 1,27 - q"(w-2) ssymmetrical sine
test section n® 2C
58(25-3-65) | 131,7 | 31,6 191,9 -21,3 |0,52 - 8,50] 0,41 936,16 815,58 1,94 | - 85,7 |Ferrel Down shewed
0,5 903, 42 694,94 1,30 - Ja"tw21? | asymmetricsi sine
_isat ascticn a® 2C __J




TABLE VI - 15A<DNB QUALITY <« 15%
MASS FLOW] INLET SUK% EXIT N—FIELD (2/L)ONB | q* PREDICTED  [MEASURED R DN AXIAL FLUXK
RUN PRESSURE DNB,EU| F 1] CORRELATION
RATE  [LIng QuaLi Ty [(z/71) |prReDICTED L q" QALITY DISTRIGUTION
Ne sta 2 ? DNE Dne
lo /ca sec °C % MEASURED ¥/om '/ 2. " 2 %
om /em
179(6-10-64) | 129,7 | 155,8 10,1 8,0 0,77 - 1 0,62 | 134,% [1,02 | 151,77 121,99 1,24 3,3 w38 Symmetricel
0,55 - - 217,78 134,22 1,02 1,8 Ferrel bosine
1 - - 64316 31015 2,07 9,0 CISE test-section
1 - - 84,12 80,53 1,04 8,0 AN(FIATY | o0 2
895(25-9-64) | 126,2 | 154,38 1,9 2,7 0,84 - 1 0,62 |159,97 [1,00 | 157,% 134,84 1,15 3,5 w38 Symmetricsl
0,55 - - 224,31 148,355 1,51 1,8 Ferrel Cosine
1 - - 65939 3370e 1,9 7.7 CISE Test-Section
1 - - 92,31 89,01 1,03 7,7 AH (FIAT) |ne 2
74(25-9-64) 128,2 | 155,6 15,7 7,0 0,84 - 1 0,62 |162,85 1,02 | 159,81 140,19 1,14 0,7 w-3 8 Syametrical
0,5 - - 229,33 154,24 1,48 0,3 Ferrel Cosine
1 - - 59713 29952 1,99 7,0 CISE Jest-Section
1 - - 95,09 92,54 1,08 7,0 av (FiaT) e 2
63(25-9-64) 12,,2 | 157,8 25,0 4,9 0,84 - 1 0,62 179,22 1,01 | 176, % 164,81 1,07 -0,5 w.3 B Syametrical
0,5% - - 251,16 181,32 1,38 -2,5 Forrel Cosine
1 - - 52156 20247 2,57 4,9 CISE Test Section
1 - - 112,10 108,79 1,03 4,9 AW _(FIAT) [ N® 2
52(25-9-64) | 26,2 | 1%6,0 33,4 2,9 0,77 - 1 0,65 | 190,49 |1,02 | 186,25 175,41 1,06 =2,5 w38 |Syewstrical |
0,55 - - 266,61 196,9% 1,33 =5,2 _farrel lCosine |
1 - - 42703 12495 3,28 2.9 CISE ~ 1Teat-Section |
1 - - 124,77 119,35 1,04 2.9 AM{FIAT] INe 2

+ CISE Correlation (W)

For Ferrel's Lorrelation the dats sre out of Range For equivalent diamet:r and leaght
L]

® Data obtained with inlet énthalpy out of renge.



TABLE VIl (follows) ~15 <DNB QUALITYc+ 15%

am PRESSURE MASS FLOW| INLET suacog EXIT DMB-F IELD “’”ma h'we €U REDICTED MEASURED one AXIAL FLUX
sta RATE LING QUALITY {(2/L) ol F q" q” R QUALITY [CORRELATION | DISTRIBUTION
Ne 2 PREDICTED Wca DNB DNB DNB
/ca sec *C % MEASURED 2 2 %
Wem Wom
139(7-10-64) 27,2 153,0 37,2 2,8 0,72 - 1 0,62 194,06 1,01 191,93 193,70 0,99 -3,5 w-38 Syametrical
0,55 - - 270,55 213,11 1,27 -5,9 Ferrel Cosine
1 - - 40005 12557 3,23 2,8 CISE Test-Section
1 - - 128,81 127,85 1,01 2,8 BA(FIAT) N* 2
42(25-9-64) 126,2 155,3 43,0 0,9 0,68-0,77 0,63 205,91 1,01 204,16 194,09 1,05 -3,3 w-38 Symmetrical
0,55 - - 286,22 220,17 1,3 -6,3 Ferrel Cosine
- - - - - - - CISE Test-Section
1 - - 138,84 132,10 1,05 0,9 AH{FIAT) Ne 2
112(7-10-64) 126,2 152,4 46,0 1,8 0,63-0,77 0,63 205,03 1,00 205,03 209,66 0,96 -3,0 ¥-38 Symmetrical
0,55 - - 289,99 257,84 1,22 -8,3 Ferrel Cosine
- - - - - - - CHSE Test-Sectiep
1 - - 142,71 142,70 0,99 1,8 AH(FIAT) N* 2
8(25-9-64) 126,2 155,0 63,0 -4,0 0,66-0,7 0,73 225,77 1,02 221,47 163,21 1,35 -7,9 w38 Symmetricel
0,55 - - 329,65 55,5 1,239 -14,9 Ferrel Cosine
- - - - - - - CISE Test-Seation
- - - - - - - AN(FIAT) N 2
99(7-10-64) 126,2 153,7 66,0 -3,0 0,61-0,63 0,70 230,05 1,02 226,50 208,10 1,08 -8,.7 w-38 Sysaetrieal
0,65-0,72 0,55 - - 334,92 275,51 1,22 -14,8 Ferrel | Cosine |
- d - = - - - CisE Test-Section |
- - - - - - - AH(FIAT) Ne 2
83(7-10-64) 126,2 153,8 66,2 -2,9 0,63-0,68 0,68 232,21 1,02 228,43 218,46 1,03 -9,2 w-38 Symmetrical
0,55 - - 335,45 277,87 1,21 | -14,2 Forrel | Cosine
- - - - - - - CISE Tast Sectiog
- - - - - - - Au(riar) Ne Q2 000




TABLE VIl (Follows) ~15% <DNB QUALITY < + 15%
RUN PRESSURE MASS FLOW| MNLET SUBCOE EXIT DNB- FIELD ‘Z/L)DNB q"DNB Eu PREDICTED MEASURED R DNB AXIAL FLUX
ata RATE |LiNG ALty |y el o gt q" ONB QUALITY |CORRELATION | DISTRIBUTION
Ne 2 PREDICTED N/ca DNB DNB
g /cm sec °C % MEASURED 2 2 %
W/cm Ven
159(8-10-68) | 126,2 198,7 18,6 5,5 0,72 - 1 0,53 174,03 | 1,01 172,76 152,95 1,06 1,3 w- 38 Symmetrical
0,55 - - 278,34 184,95 1,40 =0,06 Ferrel Cosine
1 - - 57694 27551 2,09 5,6 CISE Test-Section
1 - - 94,08 110,91 0,85 5,6 | AM(FIATY Ne 2
149(8-10-64) | 125,2 195,0 25,0 3,1 0,77 - 1 0,95 1e8,% | 1,03 182;76 177,51 1,03 -1,2 w- 38 Symmetrical
0,55 - - 278,19 208,40 1,31 -3,8 Ferrel Cosine
1 - - 45379 15522 2,75 3,1 CISE Test-Seation
1 - - 112,29 125,04 0,90 3,1 | amFIAT) Ne 2
158 (8-10-64) 126,2 195,3 35,9 1,4 0,72 - 1 0,65 202,81 1,02 199,15 199,16 1,00 -3,3 ¥ - 38 Symmetrical
0,55 - - 296,565 233,12 1,27 =-6,3 Ferrel Cosine
- - - - - - - CISE Test-Section
1 - - 126,28 139,87 0,91 1,4 | AW(FLAT) Ne 2
103 (28-9-64) 126,2 196,9 39,0 -0,4 0,72 - 0,771 0,66 213,32 | 1,02 209,79 196,93 1,00 ~4,9 W~ 3B Symmatrical
0,55 - - 310,23 240,19 1,29 -8,3 Ferrel Cosine
- - - - - - - CisE Test-Section
- - - - - - - AH(FIAT) Ne 2
117(7-10-64) | 125,2 195,9 48,0 -2,0 |[o,72-0,84 o,68 | 225,54 | 1,01 223,15 211,05 1,06 -6,7 w. 38 Symmetrical
0,55 - - 331,9% 268,85 1,23 | -10,9 | Ferrel Cosine
- - - - - - - CISE Test Section
- - - - - - - AH(FIAT) Ne 2
130(2-10-54) | 126,2 | 19,4 49,0 -2,5 | o0,65-0,84 0,69 | 227,56 | 1,04] 21,9 201,59 1,08 -6,8 | w- 38 Symmetrical
0,55 - - 334,95 208,45 1,25 -12,4 Ferrel Cosine
- - - - - - - CISE Test-Section
- - - - - - - AH(FIAT} Ne 2




TABLE VIl (follows) -15% <DNB QUALITY «c+ 15%

N PRESSURE IMASS FLOW INLET SUBCQ( EXIT DNB-FIELD (l/L)DNa q"ma.su PREDICTED |MEASURED DNB AXIAL FLUX
[17] RATE LING QUALITY (/L) F Iq" q" R QUALITY | CORRELATIOUN| DISTRIBUTION
Ne 2 PREO!CTEY 2 NNB DN8 ONB
9 /om sec| C % MEASURED W/ ca 2 H %
¥/om ¥/ca
87(28-9-64) 126,2 197,4 51,0 -3,3 {0,72 - 0,77 0,72 229,01 | 1,02 223,84 183,31 1,22 -6,9 W .- 38 Symmetrical
0,55 - - 340,88 270,61 1,25 -12,27 Ferrel Cosine
- - - - - - - CISE Test S:ction
- - - — - - - AR(FIAT) Ne 2
95(17-2-65) 140,7 96,1 4,2 18,4 0,96 - 1 0,63 112,55 | 1,05 107,06 104,63 1,02 11,5 W- 38 Symmetrical
0,66 - 0,92 0,55 - - 160,96 118,92 1,35 8,7 Ferrel Cosine
1 - - 64955 46621 1,39 18,4 CISE Test-Section
1 - - 71,35 71,35 1,00 18,4 w{{FIAT) Ne 2
211{16-2-65) 139,7 98,1 8,6 17,2 |0,66-0,84 0,82 118,31 ] 1,03 114,35 116,65 0,9% 10,3 W~ 38 Symmetrical
0,55 - - 165,38 128,34 1,29 7,7 Ferrel Cosine
1 - - 56806 40861 1,39 17,2 CiSE Test Section
1 - - 76,86 77,00 0,99 17,2 AH(FIAT) Ne 2
160(16- 2-65) | 141,7 9,6 24,1 11,9 |o0,58 - 0,84 0,60 139,33 | 1,03 135,14 139,62 0,97 4,0 W . 38 Syssetriosl
0,55 - - 82,49 149,53 1,22 1,64 Ferrel Cosine
1 - - 48420 29062 1,67 11,9 CISE Test-Section
1 - - 90,13 89,72 1,01 11,9 AN(FIAT) L ]
89(16-2-65) 139,7 95,8 45,7 7,2 |0,56 - 0,75 0,59 170,89 | 1,02 166,10 175,54 0,96 3,4 W .- 30 Symmetricsl
0,55 - - 213,76 183, 68 1,16 -5,6 Ferrel Cosine
1 - - 42021 18927 2,22 7,2 CISE Test Section
1 - - 112,75 110,20 1,02 7,2 AH{FIAT) Ne 2
40(17-2-65) 141,2 142,4 3,5 12,9 0,69 - 0,9 0,62 125,13 | 1,02 122,43 115,58 1,06 7,4 w.- 38 Symnetricsl
0,55 - _ 187,41 127,16 1,47 5,7 Ferrel Cosine
1 - _ 62599 42742 1,46 12,9 CISE Test Section
1 - _ 60,95 76,29 0,80 12,9 An{FIaT) N 2




TABLE VI - (Fodloww)

- 158 <<DND QQIALITY =+ 15£

PRESSURE MASS FLO§ INLET 5uScOp EXIT | DNB-FIELD (Z/L)ONB| 4" PREGICTED | MEASURED DNB
- ONE ED AXEAL FLUX
RUN sta RATE | LING QUALITY | (/L) PR DICTEE . f " " R QUALITY | CORRELATIWN
2 2 ONB DNB ONB GISTRIBUTION
No g /cm sed °C % MEASURED W/ cm 2 %
W/cm W/cm
188(16-2-65) 141,7 142,9 12,1 10,3 0,66 - 0,92 0,62 |136,28 1,03 132,15 138,05 0,96 4,8 W - 3B Symmetrical
0,55 - - 199,31 151,86 1,31 2,6 Ferrel Cosine
1 - - 55385 379356 1,46 10,3 CISE Test Section
1 - - 73,50 91,13 0,81 10,3 AH(FIAT) Ne 2
141(16-2-65) 141,7 142,6 26,5 6,3 0,56 - 0,80 0,60 159,47 1,02 156,15 174,80 0,89 «0,1 Ww-38 Symmetrical
0,55 - - 221,75 ®7,21 1,18 -2,1 Ferrel Cosine
1 - - 45595 24308 1,687 6,3 CISE Test-Section
1 - - 94,71 112,32 0,84 5,3 AH(FIAT) Ne® 2
120(16-2-65) 143,0 139,81 45,5 1,4 0,62 -0,75 0,62 [186,65 1,02 182,45 203,33 0,90 |-5,9 W~ 38 Symmetrical
0,55 - - 251,07 223,71 1,1; =-9,1 Ferrel Cosine
- - - - - - - CISE Test Section
1 - - 119,08 134,22 0,89 1,4 AH(FIAT) Ne 2
98(16-2-55) 159,0 140,7 46,6 1,4 0,58 - 0,75 0,62 |191,55 1,02 187,54 206,54 0,91 -6,1 Ww- 3B Symmetrical
0,55 - - 259,08 227,24 1,14 | -9,2 Ferrel Cosine
- - - - - - - CI1SE Sest Section
1 - - 124,52 136,34 0,91 1,4 AH(FIAT) Ne 2
124(23-12-64) 131,3 85,5 61,7 20,2 0,80 - 0,88 0,61 169,47 1,02 166,33 1€2,07 U,91 13,1 W - 3B UPWARD Skewed
0,71 - - 181,93 209,13 0,87 4,5 fFerrel asymmetrical
1 - - 26143 21290 1,22 20,2 CISE sine test
1 - - 134,84 122,90 1,09 20,2 QH{FIAT) section N° 2B
152(29-12-64| 131,7 86, 62,4 19,6 |0,8-0,9 0,81 170,36 | 1,02 16,53 162,07 0,91 2,8 w- 38 Upward skewed
A - 182,28 209,13 0,87 4,1 | Ferral asymmetrical
1 - - 26014 21291 1,22 19,6 CISE sine test sec-
1 - - 134,42 122,90 1,09 19,6 | AM(F1AT) tion N® 2 B




TABLE VI -(Follows)

-15% < ONB QUALITY <+ 15X

MASS FLOW|INLET suecog EXIT DNB-FIELD | (2/L)ONB | q® PREDICTED | MEASURED DNB AXIAL FLUX
RUN PRESSURE ONB, EU
" o RATE2 LING ALty | (L) PREDI CTEQ) /mz ] q'one q'ma Rnue QUALITY |CORRELATION | DISTRIBUTION
g /cm se oC X MEASURED 2 2 X
/em /om
41(22-12-64) 13,3 94,0 60,0 18,1 0,8-0,88 0,81 | 174,51 |1,02 | 170,35 187,22 0,9 1,5 Ww.- 38 Upward skewed
0,7 - - 187,85 215,05 0,87 3,4 Ferrel asjmmetrical
1 - - 26121 20852 1,25 18,1 CISE sine test
1 - - 138,66 126,42 1,09 18,1 QH(FIAT) ] gecticn N® 2B
57(22-12-64) | 131,7 94,3 61,8 17,% 0,80-0,88 0,81 176,67 [1,02 | 172,69 189,94 0,91 1 W .- 38 Upward skewed
0,71 - - 189,59 217,02 0,87 2,7 Ferrel ssymmetriocsl
1 - - 25016 20731 1,25 17,5 CISE sine test
1 - - 139,18 127,53 1,09 | 17,5 AH(FIAT} [ section N* 28
172(18-12-64) | 131,7 95,2 | 105,6 10,1 0,80-0,85 0,81 | 231,09 |1,03 | 223,23 233,59 0,95 1,4 N - 38 Gpward skewed
0,71 - - 236,81 268,32 0,88 -8,6 Ferrel asymmetrical
4 - - 19621 10844 1,81 10,1 CISE sine test
1 - - 172,@7 157,68 1,09 10,1 AH(FIAT) | Section Ne 28
159(18-12-64) 133,0 95,0 109,5 8,2 0,73-0,85 0,81 | 239,24 |1,04 | 230,98 233,59 0,99 -0,5 w- 38 Upward skewed
0,71 - - 239,69 268,32 0,89 -0,1 Ferrel asymmetrical
o 1 - - 17998 8854 2,03 8,2 CISE sine test
1 - - 175,19 157 68 1,1 8,2 AH(FIAT) sectiog N® 28
115{29-12-64) | 132,3 9,7 60,6 15,4 0,80-0,90 0,81 | 181,98 {1,03 ] 177,11 187,12 0,95 9,3 w-38 Upward skewed
0,71 - - 192,01 215,05 0,89 1,4 Ferrel asymmetrical
1 - - 25503 19189 1,33 15,4 CISE sine test
1 - - 141,42 126,38 1,12 15,4 OH(FIAT) | section N® 28
105(29-12-64) | 132,3 9,8 60,9 15,2 0,80-0,90 0,81 182,72 [1,03 | 177,54 187,22 0,95 9,1 w-38 Upward skewad
- 0,71 - - 192,39 215,05 0,89 1,3 | Ferrel asyametrical
1 - - | 25507 19060 1,33 | 6,2 | cse SINE TEST
1 - - 140,91 125,38 1,11 15,2 AH(FIAT) | Section n* 28




TABLE VII - (Follows)

~ 15% < ONB QUALI TY =< + 1%

MASS FLOL INLET SuUB-

PRESSURE ExIT ONB-FIELD (Z/L)ONB | Q" IPREDICTED MEASURED DNR AXTAL FLUX
RUN DNB,EU CORRELATION
ata RATE COOL NG QUALITY| (Z/L) PREDICTH] 2l F q" q" QUALITY DISTRIBUTION
Ne 2 /om DNB ONB R
9 /om sec| °C 3 MEASURED 2 2 ONB X
/cm /cm
95(23-12-64) 132,3 113,5 58,5 1,7 10,756 - 0,90 0,81 194,33 }1,02 189, 51 194,09 0,% 5,3 w.- 38 Upward skewed
0,71 - - 203,54 222,94 0, -0,7 Ferrel ssymmetrical
1 - - 24809 17101 1,45 11,7 CISE sine test
1 - - 148,20 131,0177‘ 1,13 1,7 AH(FIAT) section N* 28
B3{23-12-54) 131,3 113,8 59,2 11,5 (0,80 - 0,90 0,81 197,50 11,03 192,08 194,09 0,99 5,9 W- 38 Upward skewed
0,71 - - 205,70 222,94 0,92 1,1 Ferrel agymmetrical
1 - - 24399 15745 1,55 11,5 CISE sine test
1 - - 149,81 131,01 1,14 11,5 |AHIFIAT) |section n® 28
$9(29-12-04) 131,3 126,4 59,0 10,4 }0,75 - 0,88 0,81 202,50 [1,03 197,25 209,55 0,9 5,0 w- 38 Upward skewed
0,71 - - 215,45 240,70 0,90 1,7 Ferrel asymmetrical
1 - - 24533 16997 1,45 »:19!4 CISE sine test
1 - - 7,38 141,45 17,1 10,4 | BHIFIAT) | seation n® 28
74(23-12-64) 131,3 125,6 30,0 9,9 0,76 - 0,90 0,81 205,35 1,02 200,79 209,55 0,90 4,5 W~ 38 Upward skewed
o 0,71 - - 217,98 F—ZBJO 0,90 -2,3 Ferrel asymmetrical
1 - - 23855 15574 1,53 9,9 CISE sine test
1 - - 158,59 141,45 1,12 9,9 | AHIRtAT) seotion n® 28
64(11-12-64) | 131,7 | 142,5 .9 17,4 (0,82 - 1 0,81 144,55 10,99 | 145,72 123,57 1,18 13,5 | w- 38 Upwerd skewed
’ 0,71 - - 151,94 142,05 1,14 10,8 | Ferrel asymmetricsl
1 - - 37540 28504 1,32 17,4 CISE sine test
1 - - 101,55 83,48 1,22 17,4 | AH(FIAT)  pection n® 2B
48{11-12-64} | 131,72 | 139,2 8,8 17,2 |0,84 = 1 0,81 145,44 (0,99 | 145,74 128,82 1,14 13,4 | w-38 Upward skewsd
0,71 - - 163,45 147,97 1,10 9,5 Ferrel ssymmetrical
1 - - 36354 27855 1,30 17,2 | cise sine test
1 - - 103,16 86,95 1,19 17,2 | AH{FIAT) |section n® 28




TABLE Vi) - (Follows) - 1S < DNB QUALITY <+ 15X

RUN IPRESSURE }ASS FLOW [INLET SuBCOO| EXIT b‘B-FIELD {Z/L)ONB q'DNB €U PREDICTED MEASURED ONB AXTAL FLUX
Ne ata RA;E ING QALITY | (/L) bREDICTED ' 2| F anNB q"DNB RMB QUALLTY CORRELATION DISTRIBUTION
b /om sec oC % MEASURED /cm 2 2 %
/cm /cm
149(9-12-64 130,3 141,95 12,9 16,1 0,80 - 0,99 0,81 135,75 [1,00 188,79 139,13 1,10 12,5 W- 38 Upward skewed
0,71 - - 170,27 159,81 1,06 8,6 Ferrel asymmetricsl
1 - - 35653 27292 1,31 16,1 CISE sine test
1 - - 111,80 93,94 1,19 15,1 | AH(FI1AT)  |section n* 28
167 (10-12-64) 131,3 141,4 13,4 15,7 0,80 - 1 0,81 154,27 [1,01 153,36 137,38 1,12 12,1 wW- 38 Upward skewed
0,71 - - 159,90 157,84 1,086 8,2 Ferrel ssymmetrical
1 - - 34455 26172 .32 | 15,7 CtSE sine test
1 - - 112,75 92,75 1,19 15,7 | AN(FIAT) section n® 28
155{9-12-64) 131,3 141,06 13,7 16,1 0,80 - 0,97 0,81 152,91 |1,00 152,91 140,85 1,08 12,5 Ww-38 Upward skewed
0,N" - - 170,33 161,78 1,05 8,4 Férrel asymmetrioal
1 - - 34777 27077 1,28 16,1 | cise sine test
1 - - 111,80 95,07 1,17 15,1 AH(FIAT) section n® 2B
36(11-12-64)] 131,3 143,7 16,1 15,0 0,80 - 1 0,81 157,98 [1,00 157,98 144,25 1,09 11,5 w - 38 Upward skewed
0,71 - - 174,25 165,73 1,05 7,4 Ferrel asymmetricsl
) 1 - - 34077 26057 1,31 16,1 CISE sine test
1 - - 115,37 97,39 1,18 16,1 AH(FIAT) section n® 28
31{11-12-64) | 130,3 141,6 18,8 14,7 0,80 - 0,97 0,81 191,75 [1,01 160,45 149,43 1,07 1,2 w. 308 Upward skewed
0,71 - - 177,39 171,35 1,03 5,9 Ferre) asymmetrical
1 - - 33541 25343 1,32 14,7 CISE sine test
1 - - 119,57 100,867 1,18 14,7 | AH(FIAT) section n°28
34(7-12-54) 129,7 140,4 21,4 13,9 0,80 - 0,90 0,81 166,01 1,01 163,8¢t 152,87 1,07 10,6 w- 38 Upward skewed
0,71 - - 180,39 175,59 1,02 5,2 Ferrel asymmetrical
1 - - 32811 24417 1,34 13,9 | CISE sine test
1 - - 123,06 103,22 1,19 13,9 [AH(FIAT) section a* 2B




TABLE VI -~ {Follows)

- 15%<<DNB QUALITY<Zs 15%

RUN PRESSURE [MASS FLO“ INLET SUB- EXIT DNB-FIELD (Z/L)ONB q"DNB - PREDICTED MEASURED ONe AXIAL FLUX
ata RATE COOLING QUALITY | (2/L) PREDI CTED "2 f q" q" R CORRELATION] O!STUBUTION
N® 2 /om DNB DNB DNB QUAL! TY
h /om sec $C % MEASURED 2 2
/cm /om %
61(7-12464) | 132,3 | 140,7 32,8 10,6 0,80 - 0,90 g, g1 183,37 |1,08 | 178,77 164,89 1,08 6,9 w-38 Upward skewed
0,71 - - 192,21 189,40 1,01 2,1 Ferrel ssymmetricsl
1 - - 27576 18093 1,52 10,6 CISE séne test
1 - - 134,25 1,34 1,20 10,6 |AH(FIAT) section n® 28
56(7-12-64) 133,0 139,2 41,1 9,5 0,80 - 0,90| 0,81 193,01 1,03 188,05 178,53 1,05 5,3 Ww- 38 Upward skewed
0,71 - - 201,79 205,19 0,98 0,1 Ferrel nymtrical
1 - - 25899 17022 1,52 9,5 CISE sine test
1 . - 142,88 120,58 1,18 9,5 OH(FIAT) section n® 28
162{10-12464) 131,3 139,0 43,4 9,9 0,80 - 0,94] 0,81 195,32 | 1,02 190,91 187,22 1,02 5,5 W - 38 Upward skewed
0,71 - - 205,22 215,08 0,9 0,0 Ferrel asyametrical
1 - - 25429 17840 1,48 9,9 CISE sine test
1 - - 147,32 126,38 1,18 9,9 AH(FIAT) section n® 28
49{7-12-64) 131,3 140,1 50,2 7,2 0,80 - 0,90 0,81 211,57 | 1,02 207,39 190,65 1,09 2,7 W- 38 Upward skewed
0,71 - - 215,97 218,99 0,99 -2,8 Ferrel ssymmetriocal
1 - - 22749 12359 1,84 7,2 CISE sine test
1 - - 155,98 128,59 1,20 7,2 AH(FIATY) section n® 28
147010-12-64)] 131,3 | 140,2 50,7 7,2 ] 0,80 - 0,93 0,81 211,82 | 1,02 207,33 192,37 1,08 2,7 W-38 Upward skewed
0,71 - - 216,78 220,M 0,98 -2,8 ferrel asymmetrical
1 - - 22749 12472 1,82 7,2 COSE sine test
1 1 - - 156,36 129,85 1,20 7,2 AM(FFAT) section n® 2B
135(10-12-64) 132,3 140,0 54,7 9,5 0,80 - 0,935| 0,81 215,54 | 1,02 211,99 199,24 1,06 2,0 W - 38 Upward skewed
0,71 - - | 220,61 | 228,85 0.96 | -3,8 |Fereq  |2symmetrical
1 - - 21147 11062 1,9 6,5 C4SE sine test
1 - - 159,76 134,49 1,18 35 | AHIFIAT)  |section ne 28




TABLE Vi1 (Follows) - 1M<DNE QUALITY<<+ 15%
PRESSURE |[MASS FLOW INLET SJBCOS EXIT DNB-FIELD KZ/L)ONB q"DNB,EU PREDICTED MEASURED Dne AXIAL FLUX
RUN sts RATE LING QUALITY | (Z/L) PREDI CTS0 2 q" q" R QUALITY DISTRIBUTION
2 /om F ONB ONB ONB CORRELATION
Ne g /cm sec *C % MEASURED 2 2 X
/om em
48(4-12-64) | 130,2 141,3 60,4 4,4 |o,82 - 0,9 0,81 | 232,42 [1,01 | 229,09 202,67 1,13 -0,2 | w-38 Upward skewed
0,714 - - 232,18 232;18 1,00 - 6,1 Ferrel asymmetrical
B 1 - - 18837 8218 2,3 4,4 CISE sine test
1 - - 159,07 136,81 1,23 4,4 | OH(FIAT) | section N* 28
121(10-12-64) 134,3 141,3 61,3 4,9 0,80 - 0,93 0,81 229,83 [1,03 223,27 207,83 1,02 0,1 w38 Upward skewed
o, - - 232,07 238,73 0,97 -5,0 Ferrel ssymmetrical
1 - - 19957 8920 2,2 4,9 C!SE sine test
1 - - 169,11 140,29 1,20 4,9 | AWIFIAT) | section ne 28
36(4-12-64) 131,3 141,4 61,5 3,5 J|o,82 - 0,9 0,81 | 235,71 1,01 | 233,86 200,96 1,15 -1,0 |w-38 Uopward skewed
0,71 - - 232,40 230,83 1,01 -5,9 |[Ferrel symmetrical
1 - - 17017 6750 2,5 3,6 JCISE sine test
B 1 - - 149,37 135,65 1,25 3,5 lan(riaT) secticn n® 28
107(10-12-54) | 132,3 139,2 84,7 8,3 0,74 - 0,95 0,81 228,28 [1,03 221,89 216,42 1,02 0,3 W - 38 Upward skewed
0,71 - - 233,60 248,60 0,94 =6,1 Ferrel asymmetrical
_ | 1 -" - 19740 9628 2,0 5,3 QISE sine test
1 - - 170,51 146,14 1,17 5,3 AH(FIAT) section n® 28
94{10-12-64) | 132,3 142,2 74,9 2,2 |0,80- 0,93 0,81 251,30 1,00 251,30 228,44 1,1 =3,1 w- 38 Upward skewed
0,71 - - 250,56 262,40 0,95 -9,7 Ferrel asymmetrical
1 - - 14687 4413 3,3 2.2 Ct8e sine test
B 1 - - 184,05 154,25 1,19 2,2 | AH(FIAT) Jsection n* 28
39{4-12-64) 131,3 142,9 77,0 0,5 0,60 - 0,90 0,81 262,17 |1,00 262,17 225,00 1,16 ~4,5 w- 38 Upward skewed
0,71 - - 255,72 258,45 0,99 -11,1 Ferrel symmetrical
- - - - - - - CISE ine test
- - - - - - - lonFan)  Jgeotian o 28 |




TAQLE Vi) - (Follows)

~1M<DNB QUALITY «C+15%

AN PRESSURE MASS FLOWJINLET SUBCOQ EXIT DNB-FLELD {Z/L)ONB q.NB,EU PREDICTED [MEASURED ONB AXIAL FLUX
ata RATE LING QUALITY | (/1) PREDI CTED) 2 F q" q" R QUALITY |CORRELATION | DISTRIBUTION
Ne 2 /om ONB DNB DNB
Ioa /cm sec *C % MEASURED 2 2 %
/cm /ca
79{7-12-64) | 131,3 142,8 81,0 -0,08 0,80 - 0,93] 0,81 209,6 1,05 256,78 230,16 1,1 - 5,6 W- 38 Upward skewed
0,71 - - 261,53 264,37 0,99 -12,2 Ferrel asymmetrical
- - - - - - - CISE sine test
- - - - - - - AH(FIAT) section n® 28
2847-12-64) | 130,7 142,0 82,4 o8 ]o,82-0,%| 0,81 265,47 | 1,00] 263,41 235,31 .12 | -4,8-] w-386 Upward skewad
0,71 - - 262,14 270,29 0,97 -11,5 Ferrel ssymmetrical
- - - - P - - - CtSE sine test
- - - - - - - AH(FIAT) section n® 28
18(9-12-64) | 134,7 142,9 94,1 -2,4 0,79 - 0,84] 0,81 291,07 | 1,05 2m,21 249,05 1,1 - 8,5 w- 38 Upward skewed
0,71 - - 279,92 285,08 0,98 -15,8 Ferrel ssyametrical
- - - - - - - cise sine test
- - - - - - - AH(FIAT) section n® 28
140(9-12-54) | 130,3 136,3 101,8 -0,5 0,79 - 0,84] 0,81 288,50 | 1,02] 283,77 264,52 1,07 -7,3 | w-38 Upward skewed
0,71 - - 285,94 303,83 0,94 -15,4 Ferrel asymmetrical
- - - - - - - CISE sine test
- - - - - - - AH{FIAT) section n® 28
131 (9-12-645 131,3 141,8 11,8 =3,6 0,09-0,85 | 0,81 314,04 | 1,08] 299,08 261,69 1,06 -10,8 | w- 38 Upward skewed
0,71 - - 305,59 323,56 0,94 =18,9 | Ferre}l asymmetrical
- - - - - - - CISE sine test
- - - - - - - AH(FIAT) section n® 28
122(9-12-64) | 132,2 141,4 121,1 -5,3 0,79 - 0,84] 0,84 320,73 | 1,04] 316,08 293,71 1,07 -12,8 | W- 38 @ |upward skewed
0,714 - - 319,28 337,38 0,9% =21,3 | Berrel asymme tricsl
- - - - - - - CtSE sine test
- - - - - - - DH(FIAT) section n® 28




TABLE VIl - {Follows)

- 15%<DNB QUALITY < + 15%

RUN PRESSURE | MASS FLOl INLET SUB- | EXIT DNB-FIELD | (Z/L)ONB | q® REDICTED MEASURED DNB AX(AL BLUX
Ne ata RAT; COOLING QUALLTY /L) PREDI CTED) nu::g F .DNB q"pNe 2 RM QUALITY |CORRELATION | DISTRIBUTI ON
b /6a sec [ % MEASURED 2 Woa
lom

110(9-12-64) 131,3 142,19 | 132,94 | 6,0 ]0,79-0,84] 0,85 | 326,%% | 1,20 269,72 252,74 1,02 | -13,2 | ¥-38 0 |Upward skewed
0,72 - - 330,03 356,81 0,92 =21,9 Fercel asymmetriog]

- - - - - - - CISE sine test
- - - - - - - OHLFIAT) section n® 28
78{11-12-64)| 130,3 | 85,0 8,3 13,4 ] 0,86 - 1 0,81 | 11,78 | 0,99| 162,43 140,84 1,16 10,1 | w- 38 Upward skewed
0,71 - - 184,81 161,78 1,14 7,1 Ferrel asymmetrical

1 - - 37935 15049 2,52 13,4 CISE sine test
1 - - 113,58 95,07 1,18 13,4 | AHIFIAT)  |section n® 28
77(11-12-64)| 129,3 | 183,9 9,0 12,9 |0,79 - 1 0,81 | 165,62 | 0,99| 166,54 140,84 1,18 9,7 | w- 38 Upswed skewed
0,71 - - 187,04 151,78 1,18 6,7 Ferrel asymmetrical

1 - - 37%86 27914 1,36 12,9 CISE sine test
1 - - 115,15 95,07 1,22 12,9 | AH(FIAT) section n°® 28
113(11-12-64)| 131,3 179,9 51,6 4,3 ]0,79 - 1 0,81 232,88 | 1,02 228,16 228,16 1,00 0,2 W~ 3B Upward skewed
0,7 - - 246,06 252,40 0,94 -5,1 Farrel asymmetrical

1 - - 19731 10606 1,86 4,3 CISE sine test
1 - - 178,28 154,20 1,15 4,3 | AH(FIAT) section n® 28
88(11-12-64)| 131,3 184,56 61,8 1,3 0,73 - 0,91 0,81 258,78 | 1,01 257,11 245,62 1,05 -3,1 Ww- 38 Upward skewsd
0,1 - - 266,06 262,13 0,96 | -8,5 |Ferrel asymmetricsl

- - - - - - - CISE sine test
1 - - 195,67 155,80 1,18 1,3 | AH(FLAT) section n® 28
89(11-12-64}| 132,3 | 185,8 64,2 0,6 |o0,79-0,88| 0,81 | 262,88 | 0,99| 264,22 250,77 1,05 -3,7 |w- 38 Upward skewed
0,71 - - 259,14 288,05 0,93 -9,3 ‘errel asymmetrical

- - - - - - - CHSE sine test
1 - - 198, 51 169,97 1,14 0,5 | AH(FIAT) section n® 28




TABLE VIl - (Follows) - 15%<ONB QUALITY & « 15%

PRESSURE [MASS FLO\]INLET SUBCOQL. EXI T DNB -FIELD KZ/L)ONB K" F PREDICTED MEASURED R DNB
RUN = DNB, EU ONB CORRELATION | AXI AL FLUX
ata RATE LING QUALITY f(Z/L) PREDICTEQ 2 q" q" QUALITY
Ne 2 /om DNB DNB DISTRIBUTION
g /om sec oC % |MEASURED 2 2
w/cm W./om
22121-12-04) | 131,3 185,9 105,2 -6,9 0,79 - 0,85 0,81 352,23 1,12 314,49 322,90 0,97 -13,3 W- 38 Upward skewed
0,71 - - 344,32 370,91 0,93 -20,4 Ferrel asymmetrical
- - - - - - - CISE sine test
- - - - - - - AH(FIAT) section n® 28
13{29-12-64) | 131,3 230,1 4,1 11,8 0,88 - 1 0,81 166,57 0,981 170,59 135,59 1,26 8,7 w.- 38 Upward skewed
0,7 - - 194,96 155,86 1,25 6,3 - Ferrel asymmetrical
1 - - 40632 29670 1,37 1,8 | cise sine test
1 - - 110,54 91,59 1,21 11,8 | AHIFIAT) |section n® 28
6123.12-54) | 131,3 230,4 4,4 11,6 0,088 - 1 0,81 157,89 0,98| 171,03 135,69 1,26 8,6 W - 38 Upward skewed
0,71 - - 195,51 155,86 1,25 5,3 Ferrel asymmetrical
1 - - 40151 29670 1,35 1,6 | cIse sine test
1 - - 111,20 91,59 1,24 11,6 | AH(FIAT) |section n® 28
86(22-12-64) | 132,3 228,6 7,4 11,0 0,85 - 1 0,81 169,92 0,98 | 172,99 145,99 1,18 8,2 w38 Upward skewed
0,71 - - 198,11 157,70 1,18 5,6 Ferrel hsymmetrical
1 - - 37637 28688 1,34 11,0 CISE sine test
1 - - 115,60 98,55 1,17 11,0 | AH(FIAT) section n® 28
99(22-12-64) | 131,3 229,0 7,9 11,0 0,88 - 1 0,81 172,10 0,981 174,94 145,00 1,20 8,1 w- 38 Upward skewed
0,71 - - 199,59 167,70 1,19 5,8 Ferrel asymmetrical
1 - - 38103 28408 1,34 11,0 CISE sine test
1 - - 117,40 98,55 1,19 11,0 | AHIFIAT) | section n* 2B
111(21-12-64) | 130,3 231,0 63,5 -1,0 Jo,82 - 0,88 0,81 290,34 0,95] 304,29 291,99 1,04 =5,1 W - 38 Upward skewed
0,71 - - 302,87 335,39 0,90 -10,3 Ferrel asysmetrical
- - - - - - - Cise sine test
- - - - - - - ANR(FIAT) saatien n® 28




TABLE VIt - (Follows)

- 15%<<DNB QUALITY«<+ 15%

-~ PRESSURE [ MASS FLOW INLET SUB- | EXIT [ DNB -FIELD | (Z/L)ONBIQ" PREDICTED | MEASURED oNE AXIAL FLUX
’ » CORRELATION |[DISTRIBUTION
- ata RATE | COOLING QUALITY | (/1) preoicreo] 2| F o fan e R QALITY
p /om sec o % MEASUREB W/om2 W/ome One .
17(22-12-64) 132,3 231,2 65 -1,9 0,79 - 0,88 0,81 294,22 | 0,9% 312,96 291,99 1,07 =5,9 w- 38 Upward skewed
0471 - - $02 41 335,39 0,90 -11,1 Ferrel asymmetrical
- - - - - - - CISE sine test
- - - - - - - AH(FIAT) section n® 28
148(22-12-643 | 131,3 308,56 1,2 10,9 0,88 - 1 0,81 175,11 | 0,94 186,32 140,684 1,32 7,4 w- 38 Upward skewed
0,7 - - 214,85 161,80 1,32 5,6 |Ferrel asyametrical
1 - - 43421 33919 1,28 10,5 CISE siae test
1 - - 110,73 95,07 1,16 10,5 AR(FIAT) section n® 28
136(22-12-64}) 131,7 306,1 1,6 10,5 0,88 - 1 0,81 174,64 | 0,94 185,40 144,28 1,28 7,5 Ww- 38 Upward skewed
0,7 - - 214,29 135,73 1,29 5,7 Ferrel asyome trical
1 - - 43477 34229 1,87 10,5 CISE sine test
1 - - 110,85 97,39 1,14 10,% ANIFIAT) section n*28
162(22-12-64)| 131,7 309,1 1,6 10,4 0,88 - 1 0,81 175,46 | 0,94 186,24 144,20 1,29 7,9 w- 38 Upward skewed
0,71 - - 215,15 165,72 1,30 9,6 Ferrel ssymmetriocsl
1 - - 43509 34154 1,27 10,4 CISE sine test
1 - - 111,07 7,39 1,14 10,4 |AN(FIaT)  |section n* 28
79(22-12-64} | 131,7 312,2 8,8 8,3 0,85 - 1 0,81 191,16 10,95 200,85 175,20 1,19 5,8 w-38 Upward skewed
0,71 - - 228,59 201,24 1,14 3,6 Ferrel asymmetrical
1 - - 35558 29353 1,1 8,3 CISE sine test
1 - - 131,00 118,25 1.1 8,3 |AH(FIAT) section.n® 28
72(22-12-64) 132,7 313,0 9,8 7,9 0,85 - 1 0,81 193,22 ]0,96 201,51 176,91 1,14 5,5 W- 38 Upward ekewed
0,71 - - 229,43 203,22 1,13 3,2 Ferrel asympetricsl
1 - - 33849 27984 1,21 7,8 |cise sine test
1 - - 131,96 119,42 1,10 7,9 AH(FIAT) section n? 28




TABLE VI| - (Follows) - 19%<DNB QUALITY <+ 158
AN PRESSURE MASS FLOW]INLET SUBCOQ] EXIT B-FLELD (Z/L)oND q.ma £ REDI CTED LiASURED ONB AXIAL FLUX
ats RATE JLING QALITY H2/L) PREDI CTED i | . Q" R QUAL! TY |CORRELATION | DISTRIBUTION
Ne 2 /om ONB ONB DNB
p /om sec oC % EASURED 2 %
/am /om
99(21-12-64)] 131,3 313,4 64,2 -4,0 0,79 - 0,82] 0,87 322,74 | 1,22 264,08 258,34 1,02 - 3,7 W-38 Upward skewed
0,71 - - 383,02 414,33 0,85 -12,6 Ferrel sysmetrical
- - - - - - - CISE sine test
- - - - - - - AH{FIAT) [section n® 28
89(21-12-64)] 131,3 314,2 85,3 -4,7 0,79 - 0,82] 0,87 330,38 | 1,17| 281,38 257,11 1,09 - 6,3 W - 38 Upwerd skewed
0,71 - - 356,24 412,38 0,86 -13,3 “Ferrel asysmetrical
- - - - - - - CISE sine test
- - - - - - - AH(FIAT) |section N*28
460(23-3-68) | 132,3 93,6 11,5 2,5 | o0,5% - 0,76] 0,59 122,%0 | 1,08] 115,70 120,32 0,96 20,8 w-38 Down  skewed
0,41 - - 177,89 159,80 1,1 1,5 Ferrel ssynsetrical
1 - - 35299 32313 1,09 28,5 CISE sine test
1 - - 97,40 93,9 1,04 28,5 | AH{FIAT) |section n® 4C
103 (23-.3-65) 132,3 94,9 19,3 0n,s 0,%2 - 0,73] 0,%9 129,17 | 1,07 | 120,77 130,72 0,92 19,7 W- 38 Down skowed
0,41 - - 187,15 173,63 1,08 9,5 Ferrel asymmetrical
1 - - 34303 31319 1,09 7,6 CISE sine test
1 - - 104,76 102,062 1,08 27,6 AH FIAT) section n® 2C
37{23-3-55) | 132,3 93,3 45,0 22,5 0,50 - 0,67{ 0,%9 161,43°1 1,10| 146,59 153,59 0,95 13,3 W- 38 Down skewed
0,41 - - | 22,7 203,99 1,09 1,1 | Ferral asyametrical
1 - - 32360 25257 1,28 22,6 CISE sine test
1 - - 125,64 119,92 1,08 22,6 AH(FIAT) section n® 2C
70(24-3-65) | 131,7 94,8 146,3 9,1 0,50 - 0,59] 0,39 284,30 | 1,04 273,36 251,64 1,08 -7,0 W-38¢ Oown skewed
0,41 - - 382,30 334,19 1,14 -26,5 | Ferrel asymoetrioal
1 - - | 25545 10101 2,53 9,1 | cise sine test
1 - - | 200,79 195,40 1,02 9,1 | AH(FIAT)®|section n® 2¢




TABLE Vil - (Follows) ~ 15%<<ONB QUALITY <<+ 15%
PRESSURE |MASS FLOW INLET SUBCOQ E€XIT |DNB-FIELD {Z/L)ONB | q* PREDICTED LEASURED DNB AXIAL FLUX
RUN h ONB,EU| F R CORRELATION
Ne ata nt; LING QuaLity [ (Z2/1) PREDICTED /0.2 q'DNB q"DNB 2 DNB QUAL I TY CISTRIBUTION
g /cm seqd  oC % MEASURED Jom2 /cm %
271(23-3-65) 132,6 182,7 4,7 18,1 0,88 -~ 0,92 0,99 143,74 1,05 | 137,38 136, 60 1,01 12,8 W- 38 Down skewed
0,44 - - 220,67 181, 51 1,21 7,4 Ferrel asymmetrical
0,%2 - 0,79 1 - - 44301 37945 1,16 18,1 CISE sine test
1 - - 101,43 106,66 0,% 18,1 AB(FIAT) | section n® 2C
201(23-3-65) 132,3 181,3 9,1 15,9 0,52 - 0,79} 0,57 157,51 1,07 » 147,256 141,38 1,04 10,5 W- 38 Down skewed
0,41 - - 228,35 183,48 1,24 5,3 ‘Ferrel ] esymmetrical |
1 - - 43037 33597 1,28 15,9 CISE sine test
1 - - 109,81 107,82 1,02 15,9 AH(FIAT} section n® 2C
134(23-3-55) | 132,3 180,5 15,9 14,1 0,52 - 0,76 | 0,57 169,29 1,08] 157,06 153,55 1,02 8,7 W - 38 Down skewed
0,41 - - 240,49 139,26 1,21 3,0 Ferrel asymmetrical
1 - - 41042 30414 1,35 14,1 CISE sine test
1 . - 122,47 117,10 1,04 14,1 | AHIFIAT) | section n® 2¢C
57¢23-3-65) | 131,7 178,7 42,3 8,7 0,52 - 0,57 | 0,59 214,22 1,09] 195,85 197,58 0,99 2,5 W~ 38 Down skewed
0,41 - - 29%,73 262,39 1,13 -5,6 Ferrel as»‘ymme'.r-ical"ﬂ
1 - - 34757 19613 1,77 8,7 CISE sine test
1 - - 163,48 154,20 1,06 8,7 AH(FIAT) section n°2¢ |
182(22-3-08). | 131,7 182,1 8,5 -1,2 0,55 -~ 0,64 | 0,51 361,94 1,12] 323,17 328,58 0,98 -15,6 w- 38 Down skewed
0,4 - - 441,43 390,52 1,13 -22,7 Ferrel asymmetrical
- - - - - - - CISE sine test
- - - - - - - AH(FIAT) section n®2C
291(@3-3-55)" | 132,3 312,6 4,8 11,0 jo,88 - 0,91 | 0,59 177,83 1,04 ] 171,49 156,89 1,10 7.3 W- 38 Down skewad |
0,41 - - 275,72 207,15 1,33 3,6 | Ferrel asymmatrical
0,52 - 0,79 1 - - 47541 38417 1,24 | 11,0 | CISE  lsine test . |
1 - - 118,99 121,724 10,98 | 11,0 _lAwgiary section n® 2C |




Table VIl - follows

- 195 <<DNB QUALITY << + 15%

DNB-FIELD [(Z/L)ONB |q PREDICTED MEASURED DNB
RUN PRESSURE [MASS FLOW INLET SuB- EXIT DNB,EU CORRELATION AXIAL FLUX
(/L) PREDI CTED 2l F |q" q" R QUALI TY
Ne ats RATE COOLING QUALITY W/em DNB ONB CISTRIBUTION
2 MEASURED 2 2 DNB %
g /ca sed oC % W/ om W/cm
224{23-3-65) | 132,3 310,5 8,9 9,6 0,54 - 0,78 0,59 200,05 | 1,05| 189,80 164,88 1,09 5,9 W - 38 Down skewed
0,41 - - 285,23 218,99 1,30 2,0 Ferrel psymmetrical
1 - - 44335 32618 1,36 9,5 CISE Bine test
1 - .- 129,90 128,69 1,01 9,5 AH(FIAT) Bection n® 2C
160(23-3-55) 132,3 306,2 15,2 7,9 0,52 - 0,76 0,59 204,47 | 1,08| 198,52 183,31 1,08 4,3 w- 38 Down skewed
0,41 - - 299,56 243,45 1,23 -0,1 Ferrel asymmetrical
1 - - 41250 28641 1,44 7,9 CISE sine test
1 - - 145,86 143,07 1,02 7,9 AH(FIAT) section n® 2C
76(23-3-65) 131,7 306,8 43,9 2,2 0,58 - 0,7 0,59 280,61 1,05| 266,83 276,29 0,9 -2,7 W - 38 Down skewed
0,41 - - 288,16 366,96 1,06 -9,4 Ferrel paymme trical
- - - - - - - CISE sine test
1 - - 220,15 215,35 1,02 2,2 ARFIAT) section n® 2C




TABLE Vi1 -Bis,

RUN PRESSURE [MASS FLOW INLET SUBCOQ EXIT DNB-FIELD (Z/L)ONB |q" PREDICTED | MEASURED DNB
Ne ata RATE LING ] QUALLTY [ (/L) PRECICTES DNB'Eg F q" DNS a™ DNB R QUAL! CORRELATION] AXIAL FLUL
2 W /cm 2 ONB = DISTRIBUTION
g/cm sec °C % MEASURED Ycm Yem Y
79(7-12-64) | 131,3 142,8 1,0 - 0,05 |0,80- 0,93 0,81 269,60 | 0,991 271,.8 250,13 1,18 [=5,5 | W - 38 +o | Upwarc skewed
0,81 269,60 | 1,us| 256,76 230,16 1,11 [-5,6 [ W-BB +se | asymmetrical
sine test
section n® 28
15{7-12- 54) 131,7 142,9 2,1 - 2,4 0,79 - 0,84| 0,81 291,07 | 0,93] 313,58 249,06 1,20 |-8,5 | w. 38 +s» | Upward skewed
0,81 291,07 | 1,05] 277,21 249,06 1,1 |£,95 | w.- 38 «s. | asymmetrical
sine éest
section n® 2B
131(9-12-34) | 131,3 141,8 11,8 -35 flo,80-0,85] o0,85 298,27 | 1,05] 2¢,32 220,49 1,23 | -t,1 - 38 .+ | Upward skewed
0,81 314,04 | 1,05 299,0€ 281,59 1,05 |-10,8 -« 3B ++s | asymmetrical
séne test
section n® 28
12209-12-54) | 132,3 141,4 121,1 -s52 |o,79-0,84| o0,85 311,58 | 1,C5| 294,33 235,13 1,24 |=10,0] W= 38 ++ | Upward skewed |
0,81 328,73 | 1,04] 310,08 295,72 1,07 1=-12,8 - 3B 44+ | asymmetrical
sine tast
section n® 28
182 (22-3-39) 131,7 182,1 %,5 -1,2 0,55 - 0,64 0,65 305,90 | 1,15] 257,11 222,89 1,19 |-7,8 - 38 - Down skew:d
0,51 501,% | 1,12| 323,16 328,58 0,9% [-15,0] w - 38 ++¢ | asymmetrical
sine test

section n® 2(C

++ MIT (Bubble detachment point)

+++ Bowring (Bubble detachment point)




TABLE Vit

- DNB Quality > 1%

Mass flow |!inlet Subcoq Exit DNB-Field (/L) ONB Predicted | Measurad ONB Axial flux
RUN prossurs rste ling quality J(Z/L) predicted | q"ONB q" DNB R quality | Correlstion
Ne sta 9 /cmzuc *C % measured Wiem « w/cmz . Bne X distribution
170(8-10-54) 127,2 50,2 12,0 35,3 0,84 - 1 0,55 139,50 134,20 1,04 17,5 Farrel Symmetricsl
1 5520 47050 1,17 35,3 CISE Cosine
1 99,71 80,53 1,235 35,3 AX _{FlAT) Test Section
1 181,24 118,10 1,53 35,3 aH (W-2) n® 2
171 (8-10-64) 124,2 51,4 32,0 34,35 0,84 - 1 0,55 150,93 194,01 0,97 13,5 Ferrql Symmetrical
1 55669 4£520 1,15 34,3 CISE Cosine
1 114,42 99,31 1,15 34,3 OH {FIAT) Test Section
1 197,20 142,85 1,38 34,3 OH | W-2) n® 2
127 (8-10-54) 125,2 51,3 13,5 3o,4 0,9 - 0,55 173,00 193,10 0,89 12,0 Ferrel Symmetricsl
0,83 - 0,35 1 53091 54450 1,05 53,3 CISE Cosine
1 118,92 115,82 1,02 36,3 AN (FIAT) Test section
1 205,02 159,33 1,23 35,3 AR (W-2) n® 2
135 (B-10-04) 120,2 51,8 45,9 35,3 0,94 - 1 0,55 174,20 191,91 0,9 1,27 Ferrel Symmetriasl
0,33 ~ 0,035 1 535284 49599 1,08 35,3 CISE Cosine
1 119,18 115,15 1,03 35,5 BH (FIAT) Teet Section
1 204,54 133,59 1,25 35,3 QK (W-2) ne 2
120 (17-2-93) 140,2 16,1 2,7 8,0 0,7 -1 0,55 118,55 107,14 1,1 20,3 Ferrel Symmetricasl
1 45730 423,55 1,08 38,0 CISE Cosine
1 mn,ee 34,28 1,20 3e,0 AH (FIAT) Test Seotion
1 159,89 102,90 1,55 »B,0 OH (W-2) n® 2

o For CISE Correlstion (W)

+ For AH (w-2) Correlation (kosl/kg)

For AH (W-2)correlstion all data reléted to symmetricel cosine hest flux distribution are out of rsnge for equivalent diemeter.

For Ferrel's correlstion the data sre out of range for equivelent diemeter and lenght,




TABLE VIIl  (Follows) DNB quality > 15%
- Pressurd Mass flow [!nlet Suoocol Exit | DNB-Field (Z/L) DNB | Predicted |Measured ONB Axial flux
rate ling quality | (/L) predicted |q" ONB q" oNe R Correlation distribution
L st 2 oC % seasured '/eu\z W/ ca one welity
g /om Sec %
16 (17-2-65) | 140,7 46,7 9,3 34,11 |0,7-0,% 0,55 122,58 113,03 1,08 8,1 Ferrel Symmetrical
1 44148 38252 1,15 34,1 CISE Cosine
1 85,18 67,82 1,25 34,1 AR (FIAT) Test Section
1 165,96 107,05 1,55 34,1 AH (W-2) n® 2
176 (16-2-65) | 144,7 44,3 29,2 37,65 |o,86 - 0,92] 0,55 131,35 141,29 0,93 15,7 Ferrel Sysmetrical
1 38677 41640 0,93 37,6 CISE Cosine
1 84,03 84,77 0,99 37,6 AN (FLAT) Test Section
1 177,79 140,91 1,26 37,6 | an (&2) ne 2
156 (23-12-64)] 131,3 76,0 57,2 2,02 loe-o0,9 0,71 165,60 199,26 0,83 9,9 Ferrel Upward skewsd asys
1 26710 2472 1,08 27,0 CISE metriocal sine
1 124,79 117,10 1,06 27,0 | AH (FIaT) test section
1 183,36 151,91 1,21 27,6 | AW (w-2) n*2 8
143 (23-12-64)] 131,7 73,5 59,8 27,03 0,78 - 0,9 0,71 165,62 199,26 0,83 9,7 Farre] Upward skewed
1 26051 24244 1,07 27,0 CISE asymmetrical sine
1 124,79 117,10 1,06 7,0 An (FIAT) test seation
1 186,42 155,14 1,20 27,0 AH (w-2) n® 28
28 (23-12-64)] 131,3 9,1 3,3 27,02 0,% - 1 0,71 134,99 130,22 1,03 16,8 Ferrel Upward skewed
1 54858 29430 1,18 27,0 CISE ssymmetrical sine
1 90,01 76,52 1,17 27,0 | AH (FIAT) test section
1 126,31 79,18 1,59 0,0 AH {w-2) n® 28
40 (23-12-64)| 132,3 92,7 3,8 27,3 0,85 - 1 0,7 133,53 130,22 1,02 17,1 Ferre] Upward skewed |
1 34165 29374 1,16 27,3 CISE asysmetrical sine
1 90,75 76,52 1,18 27,3 AH (FIAT) test asction ‘
1 126,78 80,4 1,57 27,3 OH (w2) n* 28




TABLE VIt {Follows) ONE Quality > 15%
. DNB-Fleld | (2/L) DNB Predicted Measurad DNB Axial flux
RUN Pressure| Mass Flow | inlet Subcog Exit (L) predicted | " DN " OB RDNB it Correlation distribution
Ne ata rate ling quality A 4 2 w ’
2 measured ¥/om W/ca %
g /cm sec °C 3
111(22 12-64) | 131,3 9,1 8,4 25,0 0,8 -1 0,71 138,90 138,0 1,01 18,0 Ferrel Upward skewed
1 33488 28584 1,16 26,0 CiSE asymmetrioal sine
1 94,81 81,16 1,16 25,0 AH (FIAT) test section
1 130,33 84,01 1,55 25,0 AH (w=2) n®* 28
122 122-12-34) 132,3 94,0 8,5 25,4 0,8 - 1 0,71 138,20 130,12 1,01 15,3 Ferrel Upward skewed
1 33008 28081 1,17 25,4 CISE asymmetrical sine
1 95,15 82,02 1,1¢ 25,4 AH(FIAT) test section
1 129,30 82,85 1,59 25,4 AH {(w-2) n® 28
72 (11-12-34} 131,3 140,8 3,2 18,2 0,82 - 1 0,71 158, 54 134,14 1,18 10,8 Ferrel Upward skewed
1 39145 29012 1,35 18,2 CISE asymmetrical sine
1 95,07 78,84 1,21 18,2 AH (FIAT) test section
1 95,93 54,51 1,72 18,2 AH (w=2) n® 28
342 (29-3-.3) 133,4 93,7 3,8 33,0 0,% -1 0,41 153,30 145,70 1,05 15,3 Ferrel Down skewed
0,52-0,8¢ 1 35484 35231 0,% 33,0 CISE asymmetrical sine
1 £8,40 91,59 0,% 33,0 AH (FIAT) test section
1 124,54 95,22 1,31 33,0 AH (w-2) n*2 C
241(23-3-39) 132,3 94,5 4,8 31,8 |0,52 - 0,9 0,41 109,02 154,00 1,09 14,4 Ferrel Oown skewed
1 35941 34804 1,03 31,6 CISE asymmetrical sine
1 90, 36 90,90 0,99 31,0 AH (FIAT) test seation
1 126,04 935,71 1,34 31,0 AH(W-2) n®* 2C
320 (25-3-05) | 134,5 94,4 5,8 32,7 0,91 -1 0,4 156,10 130,59 1,05 12,8 Ferrel Down sk ewed
0,52 - 0,88 1 34777 35583 0,97 32,7 CISE asyasetrieal sine
1 49,59 94,39 0,% 52,7 AH (FIAT) test sectica
1 124,48 9,01 1,27 32,7 AH (w-2) n2C




Table

IX. — Comparison of DI'3 data in square annular test section with D¥3 correlations-

Heated lenght 560 mm - Yominal pressure 84 ata.

Measured Values

Calculated DMR Ratios

Mass flow Inlet Exit
rate tempera~ quality
Run " "
gr/cm?sec ture Power Jeat Enthalpy|%=2a pyg | Modified | W=2 "pyg [Modified | “-3q nyp| CISE: ZISF:
°C 1 flux rise " . Imposed | Imposed
‘ kW . w-2 9, |w-2 = i
watt/cm? Koal/Kg |using Dy a pyp | usIng Jy |W=2 Hpyg | usine Dy Inlet Satura ti o
Subcool ing| T.enght
98(10-6-65) 92,4 226,6 4,9 56,7 315,4 102,25 1,84 0,75 0,66 1,18 1,50
79(10-6-65) | 153,8 227,9 -2,2 69,2 385 75 0,95 0,855 0,80
56(10-6-65) | 224,1 229,3 =749 78,3 439,6 58,24 1,06 0,954 0,69
25(10-6-55) | 395,6 223,1 [-13,4 99,7 55447 42 1,19 1,071 0,78




Table X. ~ Comparison of DXB data in square annular test section
with DNB correlations - Heated lenght 560 mm. Nominal
pressure 126 ata.

Mass flow Inlet Exit Measured Values Calculated DNB Ratios
rate tempera- | quality
Bun ture Power Heat Enthalpy ¥-2q" vy | Modified |W-3q"pgp |Modified

gx‘/cmzuc °C * kN wnﬁ;:nz Kc:Zt;\:g using Dy w.zq”DNB using Dh '—h'DNB
15(10-9-64) 68,5 215 -1,1 28 156 68,17 1,719 1,611 1,07 1,57
68(15-9-64) 15441 280,5 =51 46,5 259 50,3 1,31 1,179 0,78 1,12
83(15-9-64) 154, 1 280,5 -4,9 a7 262 50,84 1,28 | 1,152 0,17 1,10
13(16-9-64) 163,1 276,5 -1,4 47,5 264 48,55 1,35 1,215 0,8 1,16
54(20-5-64) 159,6 246,4 -16 56 312 58, 47 1,45 1,305
50( 16~9~64) 155,8 240,6 -18,1 55 306 58,85 1,59 1,431
65(16-9-64) 157,4 234 -21,3 5545 309 58,79 1,64 1,416
36(29-1-64) 156,6 1717 -37,1 " 396 75,56 1,71 1,593
28{16-9-64) 271,5 280,5 -12 50,5 281 31 1,59 1,431 0,99 1,39
35(21-5-64) 273,6 255,6 -19,4 63 354 38,39 1,62 1,458
47(16-9-64) 271,4 241 ~24,5 68,5 382 42,1 1,66 1,494
103(30-7-64) 2711,9 197 -33,4 106 590 65 1,38 1,242
80(29-7-64) 271,1 181,3 -42,1 93 518 57,18 1,72 1,548
100(29-7-64) 405,6 184,5 ~44,7 113,5 632 46,65 1,75 1,515




Table XI. -~ Comparison of DNB data in square annular test seotion with
DNB ocarrelations - Heated lenght 560 mm. Nominal Pressure 132 ata.

Maos flow Inlet Exit Measured Values Caloulated DNB Ratio
Bun rete tempera- | quality o "
. ture Power Hoat Enthelpy |®™2q7pey [lodified [|W-2 Hy . [rodiffed | W-3q .. [ Modified CISEs CISEs
&/ omsec °c < flux , rise w2q" w2 -3 Imposed Imposed
xw watt/om Koal/kg | using Dy DNB |[using D, NB | using Dy, DNB Inlet Saturation
uboooling | Lenght
125(1-6-65) 94,0 328,3 15,5 26,6 148 47,19 2,03 0,91 0,71 1,30 0,77 0,74
107{ 1-6-65) 91,9 124,4 19,1 27,7 154,1 50,27 2,04 0,91 0,72 1,30 0,82 0,79
167(3-6-65) 97,1 302,3 6,1 35,6 198 61,14 1,86 0,80 0,70 1,10 1,09 1,23
30(25-5-65) | 90,7 300 8,5 37 205,8 68,03 1,79 0,78 0,66 1,06 1,02 1,06
101(3-6-65) 94,3 273,5 -1,2 43,3 240,9 16,56 1,25 1,125 0,71 1,04
19(1-6-65) 93,9 297,2 -6,4 44,8 249,2 57 1,37 1,233 0,77
50(4-6-65) 88,7 234,6 -9,5 50 218,2 93,92 1,36 1,224 0,16
42(8-6-65) 93,4 197,9 -21,8 57,7 321 103 1450 1,35
87(7-6-65) 92,9 170,6 -30,1 60,8 339 109,07 1464 1,476
15(1=6=65) 156, 1 328,7 9,2 26,2 145,17 27,97 2,04 0,89 0,86 0,96 0,95
-
100( 1-6-65) 151,) 325,4 9,0 30,4 169, 1 33,50 1,85 0,81 0,74 0,94 0,92
142(3-6-65) 159, 1 307,1 1,2 18,4 213,6 40,23 1,81 0,717 0,7¢ 1,12 1,26 1,79
82(26-5-65) | 148,3 302,1 2,1 42,4 235,9 47,65 1,72 0,73 0,67 1,01 1417 1,47
44(26-5-65) | 156,9 281,2 -6,6 41,6 264,8 50,57 1,30 1,17 0,77 1,10
61(3-6-65) 153,7 278,2 -6,9 48,6 270,4 52,72 1,29 1,161 0,76 1,08
81(3-6-65) 154,5 276,1 -1,9 48,1 270,9 52,54 1,32 1,188 0,78 111
54(1-6-65) 161,3 270,2 -9,9 51 283, 52,7 1,34 1,206 0,80
35(4=6-65) 155,4 227,9 -22,0 59,4 330,5 63,72 1,55 1,395
36(4-6-65) 155,7 226,6 -24,1 60 333,8 64,22 1,58 1,422
24(8-6-65) 154,9 200,3 -31,8 68 178,3 73,19 1,61 1,449




Table XI. - Followe

Mass flow| Inlet Exit Measured Values Calculated DNB Ratio
Run rate tempera-~ quality " "
ture Power Heat Enthalpy |W-2q Modified Fw—z B Modified |{w-3g Modified CISEs CISE:
gr/cmznc oC 9 kW flux Rise brB We2q" KB w-2 DNB a" Imposed Imposed
wat t/ome Xoal/kg ueing Dy 9 prB Lasing Dy TpNB| using Dy ™39 iy Inlet Saturation
Sudcooling Lenght

12(7-6-65) 153,6 174,8 -39,3 72 400,6 18,15 1,73 1,557
114(1-6=65) 213,2 328 Ty 30,4 169,1 23,11 1,64 0,71 0,88 1 1
91(1-6-65) 221,9 321,5 3,9 34,4 191,4 25,85 1,65 0, 0,18 1,14 1,24
121(3=6=65) 231,2 306,6 -2,7 42 233,17 30,28 1,32 1,188 0,82 1,19

94(26~5-65) 211,8 294,5 =5,1 50,8 282,6 38,29 1,23 1,107 0,73 1,05

39(3-6-65) 222,9 27641 ~-11,8 5549 31 41,81 1,36 1,224 0,82 1,15

34(1-6~65) 222,5 262,6 -16,2 60,8 338,3 45,56 1,41 1,269

21(4-6-65) 231,1 228, 1 -28,8 T1,3 396,7 51,42 1,60 1,44

12(8-6-65) 224,1 197,9 =37,5 81 450,6 60,24 1,64 1,476

62(71-6-65) 210,4 170,6 -44,8 87,1 484,6 69,01 1,69 1,521
110( 1-6-65) 394,9 327,8 4,5 33 183,6 13,93 0,89 0,99 0,98
119(26-5-65) 418,5 306,6 ~5,0 56,8 316 22,63 1,31 1,119 0,79 1,13
106(3=6~65) 410,5 306,6 5,9 54 300,4 21,93 1,40 1,26 0,84 1,20

107(26-5-65) 394,9 293,8 ~9,1 66 361,2 27,86 1,30 1,17 0,19 1,12

23(3-6-65) 393,17 280,5 ~13,8 12,9 405,6 30,87 1,36 1,224 0,76 1,06

15(3-6-65) 192,8 281,5 -13,4 17 428,4 32,68 1,28 1,152 0,78 1,09

21(31-5-65) | 398,3 263,3 -19,6 84,8 4711,8 35,49 1,38 1,242

12(4-6-65) 397,6 233,6 -30,7 96 534,41 40,25 1,54 1,386

64(4~6-65) 401,9 195,5 -41,9 13 628,71 46,87 1,64 1,476

53(7-6-65) 398,1 174,4 -49,1 121,5 109,4 53139 1,61 1,449




Table XII - Comparison of D NB data in square annular test section with DNB
correlationse - Heated lenght 1183 mm - Nominal pressure 84 ata.

Measured Values

Caloulated DNB Ratios

lMass flow Inlet Exit
Run rate temperaty | quality Power Heat | Enthalpy |W-2q"pyp | Mediried [w-z mpgn | Mosiries |weq"pem | cISEs CISEs
e /ontsec h ’ k¥ “3\;.;2 Kc:;;l.te using Dy | W-2q'pyp |using Dy (W2 W | using D, imier | satesaston
Suboooling] Lenght
193(29-1-65) | 91,9 260,3 13,6 5141 134,17 92,67 1,82 1,05 0,84 1,14 1,25
152(29-1-65) | 93,2 226,6 8,5 62,8 165,5 112,3 1,68 0,95 1,23 1,23 1,64
112(29-1-65) | 92,8 199,3 2,9 69 181,8 123,9 1,33 2,60
65(29=1-65) | 92,5 171,8 -0,3 19,2 208,17 142,6 0,86 0,174
184(29-1-65) | 154,2 259,5 8,0 68,5 180,5 14,05 1,61 0,91 1,07 1,19 1,39
144(29-1~65) | 153,1 231 2,1 19,6 209,8 86,68 1,58 0,87 1,06 1,32 2,20
101(29-7-65) | 154,9 197,2 =3,9 95,2 250,9 102,48 0,80 0,72
63(29-7=65) | 155,5 171,3 -8,4 106,95 280,17 114,2 0,83 0,747
175(29-7-65) | 222,3 260 514 85,5 225,) 64,12 1,43 0,80 0,92 1,17 1,34
133(29~7-65) | 222,1 232 0,3 106 219,3 79,57 1,36 0,75 0,82 1,24 1,85
89(29-7-65) | 227,0 202 -6,7 119,3 ~314,4 87,6 0,76 0,684
58(29-7-65) | 222,5 172,5 ~11,4 137,1 ~361,3 102,7 0,77 0,693
163(29-7=65) | 397,1 261,5 2,1 121,1 -319,1 50,8 0,78 1,07 “15
121(29-7-68) | 394,3 234,9 -4,6 139,9 -368,1 59,15 0,70 0,63 0,83
13(29-7-65) | 399,8 199,8 =13,0 164,4 433,3 68,57 0,79 0,711
49(29-7-65) | 397,4 173,4 -18,3 186 492,3 78,37 0,81 0,729




Table XIII-Comparison of DNB data in equars annular test section with DNB
Correlsations - Heated Lenght 118) mm - “ominal Pressure 1}2 ata.

Mass flow| Inlet Exit Measured Values Calculated DNB Ratio
rate Teape- Quality
Run ., rat\jr! Power :::: En:l;::py %-2q" g Mod‘x:‘iod -2 Aoy | Modified |[w-3q"pyg Hod i7 504 7155: CISEs
riamsec ° 4 k¥ watt/om? | Kcal/ke asing Dy "2 oup fusing by |2 DRD |ustng Dy P32 ppy 1;::::& s;:::::;?m
JSubcooling | Lenght |

171(28=1-65) 91,8 321,5 21,1 39,4 103,8 71,54 1,46 0,87 0,70 0,63
145{28-7=65) 91,9 239,7 14,8 54,8 144,4 99,41 1,28 0,74 0,82 1,49 0,90 0,79
159(13~7-65) 93,6 257,7 3,95 59,4 156,5 105,78 1,39 0,77 1,04 1,29 4,21
104(28-7-65) 92,4 231,5 1,0 70,8 186,6 121,80 1,28 0,70 0,95 1,17 2,42
113(13=7-65) 92,9 227,4 -0,5 11,9 189,5 0,90 0,81 1,05
100(28-7-65) 93,4 223,5 -2,5 12,2 190,3 0,92 0,828 1
76{28-7=45) 93,3 198,6 -3,8 84,6 222,9 0,85 0,765
36(29-7-65) 92,7 172,3 =5,5 96,2 253,5 0,80 0,72
16328-1-55) 152,0 323,2 15,1 47,5 125,2 52,09 1,23 0,71 0,85 0,75 9,69
123/ 28-1-65) 152,5 294,5 5e3 62 163,4 61,8 1,25 0,70 0,91 1,41 1,09 1,26
147115-7=65) 154,0 263,3 -4,3 72,1 190 0,92 0,828 1,05
101{13-7-65} 155,2 229,5 -12,4 87,8 231,4 0,04 0,846 1,08
64(2B-7-65) 159,17 196,2 ~17,4 109 287,2 Q,87 0,783
13/29=1-65) 154,7 113,2 -26,1 109,8 209,4 1 0,9
154(28-7-65) 222,6 320,8 3,7 53,4 140,7 40 1,08 0,61 0,91 0,92 0,88
111(28-1-65) 219,0 29741 1,1 10 184,5 53,29 1,15 0,63 0,94 1,40 1,19 1,15
128(13=7-65) 222,17 263,8 - 8,3 89,3 2353 0,88 0,792 1,02
88(13-7-69) 224,7 221,% -18,2 07,6 283,6 0,94 0,846
50(28=7-65) 224,4 199,8 -23,8 126,8 334,17 0,91 0,819
186(28-1-65) | 222,9 114,8 -36,3 119,3 34,4 1,15 1,035
149(28-7-65) | 395,1 321,8 4,9 63,1 166,3 0,95 0,99 0,98
108(2B-7-55) 387,9 300 -2,2 92,1 242,7 0,82 0,738 0,92 1,34
124(13-7-65) 40,0 257,7 =15,1 127,1 334,9 0,91 0,819
92128-7-65) 3196,9 234,9 -21,9 146,13 385,5 Q0,92 0,828
76{13-7-65) 397,9 233,1 -24,1 144,2 180 0,96 0,864
25(13-7-65) 399,8 199,6 -34,4 160,6 423,2 1,05 0,945
182(28-1-65) 397,9 174,8 -10,8 119,8 473,8 1,05 0,945




TABLE XIV - GENERAL DATA OF THE NORLAL UNIT CELL.

DN3 RATIOS CALCULATED BY Q" (W-2) AND W-3 CORRELATIONS

WITH MEMORY EFFECT METHOD.

Correlation

Pressure

Coolant mass velocity
Inlet enthalpy
BEquivalent diameter
Flow area

DNB Position

Critical enthzlpy

DNB ratio

ata

g/sec.cm?
Kcal/Xg

mm

mm2

z/L

Kcal/Xg

q" (w-2)

131,70
150,70
310,20
11,58
94,60
0,71
347,40

1,75

q" (W-3)
131,70
150,70
310,20

11,58

94,60






















































































































































