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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 
of several correlations chosen among the existing ones for their relia
bility. 

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 Ansaldo 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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I N T R O D U C T I O N (. } 

The increase of power output fron a pressurized water reactor oor· with 
constant hot channel factors depends largely upon a more accurate prediotion 
of DRB conditions (Departure from Nucleate 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 contract between 
Euratom. Fiat and Ansaldo with the participation of CNEN (1) (2). 
The experiments have been carried out by SORIR Heat Transfer Laboratory. 
The data cover both uniform and non uniform power diatributions as well as 
unheated wall effect. Although a large fraction of the collected data have 
been obtained for the tanker reactor design conditions, a certain number of 
parameters such as pressure, s«·· flow rats, 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 oonditions for the tanker 
reactor core ars reported to be compared with the test oonditions of the 
various test sections up to now investigated. 

( · ) Manuscript received on July 11. 1966 
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Α. TUBULÄR TEST SECTIONS 

A.1. Uniform power distribution 

Three test sections have been used to investigate the DRB oonditions 

with uniform axial heat flux distribution. A detailed description of 

the test sections is given in Ref.(l). In Table II are given the 

dimensions of the heaters and the range of parameters tested with sash 

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 pressurised water reactor? hence some of the tested 

conditions are peculiar of a BWR solution. 

A.1.S. Review of existing DNB correlations 

At present a vast number of DRB 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 predictions 

shows that Griffith. Bernath. Oaabill, Weatherhead and Macbeth corre

lations are not accurate enough for design purpoee. The Zenkevich 

correlation, limited to subcoolet conditions only, yields acceptable 

results. Westinghouse. in 1962, developed two correlations (w2) 

applicable in the subcooled region (q"W2) and in the quality region 

( Δ Η W2) (Ref.3). Lately (Ref.4) a new correlation, called W3 

correlation, has been developed covering the quality range  1 % < X < 

+ 15$. Within these limits, it is suggested to use the W3 correlation 

instead of the W2 ones since, with these correlations, a dis

continuity generally occurred at the saturation condition* 

The other correlations used for comparison purpoee are : 

 CISE (Ref.5) and FIAT (Ref.6) (for the quality region) 

 Ferrei'β (Ref.7) (for both quality and subcooled conditions ). 

Here after the correlations used are presented and discussed in 

some details. 

./. 
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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 PDNB i8 expressed, in each correlation, as a function of 
the following terms t 

PDNB " P (HIN' L / ' : D · , De" P' °* 
The W-2 q" and Δ Η correlations expression are as follows : 

qMDNB " ( 0» 2 3 X 1 ° 6 + 0 , ° 9 4 G ) (3 + 0 , ° 1 ̂ T s u b ) 

(0,435 * 1,23 e" 0' 0 0 9 3 L / D e) (1,7 - 1,4 . - ) 

where: a - 0,532 Ϊ(Ε{ - H ^ ) / Η 1 3/4 (^~Γ1/3 (0 

and t 

AHDNB " °'529 (Hf * HIN) * ( ° ' 8 2 5 + 2'36 β"204 Ββ) Hfg e"1'5 G / 1° * 

- 0 41 Η # - ° , 0 ° 4 8 L/l3· " 1» 1 2 Η ί β ^ « / ^ + °» 5 4 8 Hff 

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

Mass velocity - 0,2 to 8 χ 10* lb/hr.ft2 

Pressure - 800 to 2750 peia 
L/De - 21 to 365 
Inlet subcooling (Hf - HIN) - 0 to 700 BTU/lb 
Subcooling at DNB, DT S C - 0 to 228 °P 
Local heat flux - 0,4 to 4,0 χ 106

 BTü/hr.ft
2 

Equivalent diameter  0,1 ♦ 0,54 in 

Axial heat flux distribution! uniform 

Geometries t circular tube, rectangular channel, rod bundle. 

./. 
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The analogous ranges of parameters for the AH corre lat ion aret 

6 f> 2 

Mass v e l o c i t y  0 , 2 x 10 te 4»0 χ 10 l b / h r . f t 

Pressu'*·  800 to 2750 ps ia 

L/De  21 to 6% 

I n l e t subcool ing H > 400 BTU/lb 

Local heat f lux » 0,1 χ 10 to 1,3 χ 10° BTU/hr.ft 

Exit qua l i ty » 0 to 0,90 (by weight) 

Bquivalent diameter » 0,1 to 0,54 in 

Axial heat flux d i s t r ibut ion ! uniform and nonuniform 

Geometries t c i rcu lar tube, rectangular channel, rod bundle 

The sa turat ion point i s the dividing l i n e between the regions in 

wfaioh the two corre la t ions a p p l i e s . 

2) W3 Correlation 

C r i t i c a l heat f lux , q " ] m t i
8
 expressed in t h i s corre la t ion as 

a function of the fol lowing paramenters t 

qM
DNB *

 f ( P
'

D e
' ° '

H
I N '

H
l o c

 ΟΓ l 0 C a l
 *

U a l U y X
l o c

) 

The corre la t ions constants have been determined by f i t t i n g DIÍ3 

data points a v a i l a b l e in the qual i ty range  \J¡o<.\-<.+ ì%. 

The express ion i s given as fol lows t 

q
H

 / 10  [(2,022  0,0004302 P) + (0,1722  0,0000984 P) . 

. .08,177 - 0,004129 P) X] [(0|14β4 _ 1 > 5 9 6 x + 

+ 0,1729 X X G/106 + 1,037] [l,157 - 0,869 x] 

[0,2664 + 0,8357 e"3 '1 5 1 ° j [o,3252 + 0,000794 (H3AT- n ì 

The heat f lux i s in BTU/hft and the units are as l i s t e d below. 

The ranges of parameters of the correlated experimental data are 

as fol lows t 
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Preesure Ρ  800 ♦ 2000 paia 

Mass velocity 0 · 0,5 ι IO
6
 ♦ 5 ι IO

6
 lb/hft

2 

Equivalent diameter De = 0,2 ♦ 0,7 in 

Exit quality X »  0,15 ♦ 0,15 

Inlet enthalpy HIN > 400 BTU/lb 

Length L « 10 ♦ 79 inches 

As derived, W3 correlation applies to uniform heat flux distribu, 

tion) whenever used for non uniform cases it gives equivalent 

critical fluxes. 

0 Perrel's Correlation 

Wilson and Perrel (Ref.7) have developed an empirical DNB cor

relation for Bubcooled and bulk boiling regions and for circular 

and rectangular cross sections. 

The critical heat flux is expressed as a function of pressure, mass 

velocity, inlet subcooling, and diameter over length ratio. 

The final expression for round ohannels is as follows : 

a 

S"™™  90.000 P_ 
DRB Ρ 

where : 
C De I 
240 Ζ 

F = 1,83  0,415 x 10~
3
 ρ 

a « 0,3987 ♦ 1,036 χ ΙΟ

·
3
 U ,  T J H  1,027 x 1θ" Τ Τ 

SAT IN 

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

with the above equation are : 

0,2S ^ 7. ̂ 2,28 ft 

0,00625 < De < 0,037 f t 

0,02 χ 106«SG ^ 7 , 8 x 106 l b / h r - f t 2 

0 < Τ - Τ ^ 564°P 
^ SAT IN ^» J 

1000 ^ p ^ 2 0 0 0 ps ia 
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Δ) 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 correla

tion applies to subcooled DNB only and its constants were 

determined by empirically fitting DNB data pointe. 

The correlation is : 

qM
DNB *

 R H
' \ /^ x

 Pf
 x
 °

 x
 4,1697 x 10

8 

f g 

0 , 6 5 
95420 

HHSAT 

H 
f
S 

a - 1,1 + 2,6 -LJL _ o,9 H I HSAT 

P'
 H

fg 

vs £ 

, 0.32 χ 10 
1
 * Õ — 

N
a 

The ranges of parameters are : 

1400 < ρ < 3000 pa ia 

0 , 3 x 1 0
6
< G < 5 ,2 χ 10

6
 l b / h r . f t

2 

0,61 ^ Ζ < 5 , 2 5 f t 

3,6 < . T S A T  Τ ( β ) . £ ΐ 8 0 · ? 

5) CISE Correlation 

The CISE Heat Transfer Laboratory staff developed a correlation 
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 is 
expressed as a relationship between critical power W and length 
L8 for the particular case X - 0. 

./· 
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The expression is given as follows : 

W
S
 1

 "
 P
/
P
CR

 L
s 

Π^*^" φ
1
/
3 X

 L8 + 0,315 ( J S  D
0
·

4
 .De

1
·
4
 . C 

The ranges of parameters in which the correlation is applicable 

is defined as follows : 

Equivalent diameter De  > 0,7 cm 

Pressure Ρ  45 ♦ 150 kg/cm
2 

Ρ 3 2 

Mass velocity 0  100 (1  — — ) ♦ 400 g/cm s 
P
CR Exit quality : X^ > 0 

6) FIAT Correlation 

Lately a correlation applicable only in the quality DRB 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 DRB phenomenon, and a systematic (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 expressioni 

H e i
" "

I W
  0,084848 * (

H f
 "

 H
" ) ♦ 0,153945 (0,45  0,3 αΕ|_) 

H
fg

 H
fg

 1
°

3 

( J» )°'874 + 9 3 2 L0,5 + 9 2 (e8,l3 D.
0
'
85
) 

10
ö 

♦ 0,067711 ( Λ ) "
0
'

8 7
' ( 4  )

0
'

5 3 3
  0,892651 

10° Tf 

where: Oi  13 (-^τ - 1,0 1θ""
4
(2000Ρ) ~Γ=· and Po  1000 paia 

L 10 J D
0
»
5 

The ranges of parameters of the correlated experimental data are 

as follows : 
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Pressure Ρ  1000 ♦ 2000 psia 

Heated length L  17 ♦ 79 inches 

Equivalent diameter De » 0,22 ♦ 1,475 inches 

Mass velocity G  0,35 x 10
6
 ♦ 2,5 x 10

6
 lb/hft

2 

Inlet enthalpy H >370 BTU/lb 
IN 

The correlation has been developed using british units since it 

is used in digital codes developed in the USA. 

A.1.b. Results and comments 

ï) W2 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 W2 correlations has not been expressely 

limited to these ranges. Therefore both q" and Δ H 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 ■» diameter test section) and, in a few 

cases, also for other parameters such ae G and Hj N > 

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

IV and V and shown in Pigg. 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 Δ H correlation; this is particularly true for pressures 

higher than 84 kg/cm since most of the calculated critical powers 

at 126 and 140 kg/cm
2
 deviate more than 2% from the experimental 

data obtained with the test section Ro.1 (Table III). This limita

tion appears to be more critical for q" than for ΔΗ. 

./· 
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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 +20J6, with the calculated critical flux always higher than 

the actual one (Tables IV and V, Pig.1). 

As far as W2 Δ Η 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 ?%. 

This percentage becomes even higher if the exit quality is above 

\% (Tables IV and V, Pig.2). 

Important conclusions cannot certainly be drawn fros this comparison 

sinos the number of the available data falling within the parameter 

ranges given in Ref.12 is quite small. 

However care shall be used in applying both W2 correlations out

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

2) W3 Correlation 

The new Westinghouse correlation has been applied to all the 

experimental point presenting exit quality within the range 

I5*<XEX 019SÈ. 

The results are reported on Tables III, IV and V and in Pig.3. 

The W3 correlation, even if applied with an inlet enthalpy H 

lower then the limiting value specified in Ref.4 yields, for 

almost all the points, DNB ratios within +2% of tta theoretical \alue. 

Actually only three points present DNBR higher than 1,23· 

Por most of the evaluated points the correlation gives a 

conservative value for the critical heat flux and hence a DNB 

ratio lower than one. 

At 140 kg/cm
2
 all the cases, besides the three pointed out above, 

fall within +Λ% of DRBR  1 line. 

The W3 correlation presents a larger scatter of DNB ratio as exi+ 

quality increases. However the correlation perform quite satisfac

tOQr in all the ranges of pressures and geometries tested. 
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3) Ferrei'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 ie above one. 
In general this correlation behaves satisfactory in the quality as 
well as ir. the subcooled regions for all ranges of pressures and 
geometries tested. 

4) 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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5) CISE Correlation 

This correlation has been applied to all the experimental data 

with positive exit quality. 

The resulte obtained are reported in Tables III, IV and V and 

shown in fig.5· 

At 84 kg/cm
2
 almost all the processed pointe are within ± 25$ of 

the theoretical DNB ratio. The correlation seems to yield higher 

discrepancies as the mase flow rate increases and exit quality 

decreases. At 126 and 140 kg/cm
2
 the number of points having DNBR 

outside the _+ 2% range increases, with maximum deviations at 140 

kg/cm
2
. 

At all pressures the correlation seems unconservative since for 

the great majority of the processed cases the DNB ratios obtained 

are higher than one. 

6) 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 (HjN » 370 BTU/lb) have been processed. 

Only a few points fall outside the ♦ 20$ range around the 

theoretical DNB ratio. These points are taken at 140 kg/cm
2
 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/cm while at 

84 kg/cm and low mass velocity it yields unconservative values. 

However it 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, i.e. increases with pressure. 



- 12 -

Α.2. Non uniform power distribution 
SB3asax=< s = z s s 8 S B s a a * s s * a s s c s s E 3 

Actually in 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 sf power distribution 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 (X^irø)* 

Since this report is dealing with the results obtained in Ref.(l) the 

plots of Pigg. 7 through 19 concern only with the experimental data 

reported in(Ref. ' ) . 

However similar plots may be obtained from all other references 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/cm
2
s); however the lowest the mass 

velocity the smallest becomes the difference between critical powers 

obtained with different heat flux distributions (Pigg. 7,8,9)· 
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 at constant critical enthalpy (that is for uniform and non uniform 

couples of data presenting the same quality Xnyg »t DNB location) 

the total critical power is maximum for uniform flux distribution. 

The difference between critical powers tends to vanish as X DNB 

reaches high values while it increases for subcooled DRB conditions 

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

 at constant exit quality the total critical power is aleo 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 (Pigg. 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 upstream 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.l). 

A.2.b. Considerations on possible evaluation methods for critical heat fluxes 

in nonuniform power distribution 

For the uniform heat flux distribution the parameters universally 

accepted in defining the burnout phenomenon are Hej, HjN, L, De, G, ρ 

and q". Hence we can write : 

«"DNB 
 f (X

eX' V
 L

'
 De
' °·

 P)
 <·> 

But since : 

2 

«"DNB . TT D . . L . G . i î  L  . (Hex  H I N ) 

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" 

(X or H, , L, De, G and ρ) parameters as independent variables. 
eX loc 
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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.l.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 oonsider 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 froa both Ref .1 and 9data at all pressurée and maas 
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 

IN 
equal only in the high quality region, and quite different in the low 
qualities and subcooled region (particularly 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 is interesting to point out, for various flux distributions and 
quality regions, the relative importance of local versus integrated 
conditions. 

2 The hot patch teste performed at Bettis at pressure 140 kg/cm and 
over a wide quality range (-26,5 < X γ < 53,3$) are adequate to show 

βΑ 

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, while 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 (therefore including looal and upstream effects) should be 
used to predict DNB conditions for non uniform heat flux distribution. 

A.2.C. Method used to predict critical conditions for non-uniform heat flux 

distribution 

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 location. 
i tnat is quality XDi(B, 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 

fór both uniform and non uniform heat flux distribution up to DNB 

point we have : 

■/■ 
"\»Β EU C  °"°

 1 M B
> ■

 C
 / *

m
 <"<·> • 

C ( l M
»  '

)
 ■ 

Now the correction factor Ρ 
Ç"DNB> equivalent to uniform flux 

qH
DNB'

 l o c a l i n n o n
 uniform flux 

can be defined as function of C (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 factor e ^^B # 

Hence the factor Ρ 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 method 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 wioh the iategratien 

should be extended and the test pressure. 

Two expressions for the factor C have been derived theoretically in 

Ref. 15 for the bubbly flow region C p and for the annular flow repi on Ca, 

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

·/· 
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regions, namely the highly subcooled, the low subcooled and low 

quality (bubbly flow region) and the high quality region. 

Highly subcooled is the region where the bubbles do not detach from 

the wall as defined in Ref,l6, The high quality region onset 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 wall takes place, lies between the highly subcooled and 

the annular regions as defined above. 

In the first region, where mainly the local conditions should influence 

DNB, correlations such as W3, and Zenkewitch, should be successful. 

However, because of the lower quality limit (15̂ ) of correlation W3, 

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. 

Por 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'QQ is evaluated as per 

Ref.16 (Ζ· is the current abscissa from channel inlet) 

 Step 2  For the selected point Z', following Z'BD, where DNBR will 

be evaluated, local quality X(Z' ) and the distance Ιγ̂ β,· NU 

from Ζ' are determined (l„.m .„.  Z'  Z' ) 
BD DNB,NU BD 

™. , „ 8.23 x 10
3
 (1X)

a
 ,_Α1»  Step 3  The factor C « — * * ' (ft ) λ 

G x f(T0.J SAT' 

s evaluated. 

In the Cp expression : 

a  6,105 ♦ 0,44 χ 10"
3
 (PIOOO) 

Ρ  test pressure (psia) 

·/· 
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f ( T S A T ) - 39,74836 χ Ι Ο * ' 5 Γ ^ 4 - 54 ,3J156 χ 10~ 1 2 

TSAT " 3 8 ' 6 3 * 6 T
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2
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 x 1 0 " 9 + ^ ' 1 8 9 * 'O" 6 

" S A T "
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'
9 4 5

*
X 1 0

" ' 

Τ = saturation temperature (°P) 

G = mass flow rate (lb/hft) 

X = local quality 

 Step 4  Being Ζ the distance from the bubble detachment point, 

(that is 7. ' 0 for Z' = Z' ) the expression 

C F . / ^DNB,NU * , ,
 C

F
(1
DNB,NU~

/
'
 ) 

q"(z; . e . dZ is computed. 

 Step 5  Introducing X'(z), G, De, Ρ, H S A T, HjN in the W3 cor

relation, the equivalent uniform critical flux cfnwg ρττ 

is calculated. 

(
H
loc 

 H
IN^ ·

 G
 '

 De 

 Step 6  Through the enthalpy balance <* L 

4 q"
 EU 

H
 DNB,EU 

the total length associated with q" _ „,, will be found, 

DNB,EU 

 Step 7  Steps 1 and 2 will be repeated for the equivalent uniform 

case, thus evaluating If..™,, ■ L„  Z'gDn , distance between 

test section exit and bubble detachment point, 

— C 1 

 step 8  Expression q'^^gy ( 1e
 F D N B U

) will be found 

"̂nira E U fl 
 e
"
Cp 1χ,ΝΒυ

) 

- S tep 9 - The r a t i o R = υ Η ΰ ^ υ 

/
DNB,NU - C P U T ) N B , N U * Z ) 

q "(z ) * e * dz 

representing the DNB ratio will be evaluated. 
If P, - 1 the burnout location coincides with the selected point. 
Otherwise the calculation may proceed along the channel until a 
minimum value of R is reached. As for as the high quality region is 
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concernea, a method similar to the one outlined above should be used. 

The factor Cp should oe replaced by 

Ca
 9

'
7
 *

 1
° "

4
 (ft"

1
) 

10
b 

where : D = equivalent diameter (ft) 

G = mass flow rate (ib/h ft
2
 ) 

X * quality 

Vg « steam specific volume (ft
3
/lb) (Ref.15) 

and the bubbly region limiting point rather than local boiling 

inception shall be considered. 

However, since the maximum to average flux ratio is not high, also 

an evaluation of DNB as a global phenomenon has been tentatively done. 

Tn this case correlations such as CISF, Δ Η FIAT, ΔΗ W2, and Ferrei'¡ 

have been used, 

A,2.d. Results and comments 

The evaluation of critical power and position has been carried out 

by the methods outlined in the proceeding paragraph A.2.C. for the 

eimmetrical cosine , and asimmetrica! skewed to the top and to the 

bottoi. power di etri out ions. 

The ge ■ ¡etrical and heat flux distribution data are of test sections, 

reported on Ref.(l) and, smtetically, in Table II. 

The results have been separately reported as function of the quality 

it DNB location, 

A.2,d.i. iiighly subcooled region 

V.'ithin this region, defined aa the region where the bubble detach

ment, evaluated as per Ref.'c, does not aoccur,the experimenta, 

points have oeen orocessec usiner the Ferrei, Zenkewich and W2 " 

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

22. In general the following considerations can be done : 

 the Ferrei correlation shows a fairly good agreement with the 

experimental burnout power to within +2%t preferable leading 

to conservative predictions. It gives also an accurate prediction 

of DNB location. 

Both Zenkewich and q"W2 correlations offer satisfactory evalua

tion of DNB position. As far as the critical flux prediction is 

concerned, the agreement with Zenkewich correlation is poor in 

all cases, whereas q"W2 predicts well for the upward skewed sine 

distribution and is unconservative 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 is 

suggested (Ref.l8) 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 Ref.15 and briefly described on paragraph A.2.c, are repor

ted on Tables VII and shown on Pigs. 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 is concerned if applied in the correct quality range. 
The great majority of the processed points presents a maximum DNB 
ratio 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 (Pigg.25, 
26 e 27); 

- for the lowest values of Xp««» particularly at high mass flow 
rates (G>1 X 10 lb/hft ), 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 
yields 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.(l6),the results become in excellent agreement with 
the theoretical ones (Table VII). 

- 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 quality. 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 of 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 VI). 
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 P. 
While the first one indicates a well defined critical position, 
the use of factor Ρ tends to indicate DNB occurrence possible 
over a certain lenght, since the DNB ratinare, 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 been detected over a 
certain lenght (that is the DNB did not occur at a unie location 
but over a certain lenght of the heater). Por 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)· 

2) Direct approach method 
The application of correlation such as Ferrei'β 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 Perrel cor-
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relation, usually lower than 1,3| however for the cosine distribu

tion there are several points presenting an higher value. The 

results are reported on Tables VII and shown on Pigg. 30 and }1. 

Zenkevich correlation's results are in poor agrément 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 (0<X_„_ .< + 0,15) 

DNB 

correlation such as CISE, Perrel and ΔΗ FIAT have been used. 

In the quality range +10^ < X <. + i% both CISE and FIAT corre

lations give satisfactory results, particularly when the DNB is 

located at the seotion exit (Pigg. 3233 and Tables VII). 

A.2.d.3. High quality region 

Correlations such as CISE, ΔΗ FIAT, ÄH.V2 and Ferrei have been 

used to process the data following in this region. 

These points present always DN3 location at channel exit. 

The Parrel's correlation, although predicting critical powers close 

to the experimental ones, gives DNB location always upstream than 

the detected (Pig.34). 

The AHW2 correlation generally yields unconservative values as 

for the uniform distribution, while both CISE and ΔΗ Fiat predict 

critical power in good agreement with the experiments (Tables VIII 

and Pigg. 35, 36 and 37). 
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Β. TESTS WITH HEATER IN CLOSE PROXIMITY OP 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 purely hydraulic concept of 
equivalent diameter that would account for the heated part of the wetted 
perimeter only. 

Calling De and Dn the two diameter respectively, their definition is as 
follows : 

Flow Area D = 4 x 
e 

D. = 4 x 

e Wetted Perimeter 
Flow Area 

Heated Perimeter 

A logical criterion of similarity between channels of any shape could 
be established by resorting to the Dn concept. 
Actually, in channels having equal Dn and heated length, the fluid stream 
would receive the same enthalpy rise for the same heat flux, .11 other 
physical conditions of the fluid being equal. 
Without knowing the leal mechanism of the thermal crisis, the parameters 
representing the system (geometry of the channels, heated length, steam 



25 -

quality, critical heat flux, mass flow rate, pressure) are generally 
used to describe the phenomenon by means of correlations in which they 
appear differently grouped. 
Consequently the introduction of the parameter D^ may reasonably allow 
the extension of the use of correlations originally developed for tubes 
to annular geometry. 
However, this procedure does not cover entirely the effects induced by 
a cold wall in close proximity to the heater to the extent to which 
flow distribution in the interspaces and actual coolant conditions at 
the DNB point are affected. Considering 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 in the second case it is 
partially replaced by physical walls. In this connection it is worth to 
note that the flow distribution within the two cells is 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 in 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 performer 
in annular channels of same Dn and heated length in which the ambiguity 
between Dn and De is 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 D. but with both or only a single wall 
heated. 

B.2, Comparison of data with DNB correlation 

Four existing DRB 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 oentered in a 
1 5 χ 1 5 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 core (Ref.17). Detailed information on these experiments 
oan 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. Westinghouse Correlation» 

Per tests having negative or positive exit quality, W-2 qn
Dvg and 

W-2 Δ Η Ε Κ Β correlations have been used respectively (3). 
Tests with exit quality within -15$ +15$ have been also compared 
with predictions based on the W-3 q"nuB correlation (4)· 
These, correlations, formerly developed for geometries in which there 
is no ambiguity between De and Dfl, have been modified to account for 
the effect of unheated surfaces in annular geometry (3). 
The modification common to all three correlations consists ia repla
cing the equivalent diameter De with its modified form Dn. 
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The limitation on L, D e and —— , as far as applicability range of 
D
e 

the correlations is concerned, has been maintained. 

In reference (3) a reducing empirical factor of 0,9 has been suggest

ed for the W2 q"j)WB 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 W2 Δ Η KR correlation, a correction "mixing factor" 

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

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

(
^

H
D N B

) 
modif. 

(1,11  0,42 . X ) (0,484 + 0,697 e"
0
'
0 1 0 9

 D¡") 
' DNB using D 

where : 

R 

Pu 

P
h
 + p

c 

heated perimeter 

unheated perimeter 

Χ,..« steam quality at the DNB point 
UND 

Similarly, a correction factor for the burnout heat flux predicted 

by W3 correlation, has been suggested for the case of cold wall in 

proximity of heating surfaces (4) : 

(q
M
 ) » (1,36+0,12 e 

V4
 D N B ' W  3 modified

 v
 ' ' 

9
 X
DNB ) ( q

W
 w


3 U8ing D

h 

B.2.2. CISE Correlation 

The correlation generalised 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 

ρ 
A.1.a.5) is corrected by the factor

 h
 already defined 

P
h
 + p

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 

Predicted critical values obtained with the employed correlations, 
have been divided by corrisponding measured values at DRB thus defi
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 Pigg. 38 through 43. 
The comparison with W-2 a"DvB correlation, applied using Dfl, shows that 
data obtained with the long 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 0,9 empirical correction factor while it becomes 
wor- Tor the long heater (Fig.39)· 

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

given by the W-2 Δ Η correlation, generally leads to a substantial 
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 
«raphycal representations. 
Because of the limited number of runs falling within the range of 
validity of the correction factor suggested for the W-3 QMT)>TB» n o 

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.4l). As far as CISE generalized correlation 
is concerned, Fig.42 shows that if the comparison is 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 indicate that the agreement between predicted and experimental 
values of the power referring to the same saturation lenght is poor ID 
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 AND OF THE NEW THEORETICAL APPROACH ON CORE 
THERMAL DESIGN 

In the preceding paragraphs it has been praticai ly demonstrated that the 
use of DNB correlations developed from uniform heat flux data to predict 
non uniform heat flux distribution can give ri levant errors both in 
critical power and DNB location. 
In ref.20 is shown how the use of both "system" and "local" parameter DNB 
correlations to non uniform heat flux distribution leads to a wrong result. 
The former has as indipendent variables inlet enthalpy, mass velocity, 
equivalent diameter, core lenght and pressure while the dipendent variable 
is either DNB flux or DNB enthalpy. 
The equivalent enthalpy rise of a test section having the same system 
parameter is a straight line starting from reactor inlet enthalpy, being 
the correlation developed from uniform heat flux data (Fig.51), 
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 inlet 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 email 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' jj·, 
is lower than the reactor inlet enthalpy Hjjj 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 is 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 
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using a system parameter correlation (q"W-2) and the memory effect method 
have been reported in Table XIV. 
The channel taken into consideration is the hot channel of the second 
pass of the core designed for the nuclear tanker reactor (Ref.20). 
The heat flux distribution is peaked toward the exit (similar to the teet 
section 2-B Distribution - Table II) with a maximum to average flux ratio 
of 1.7« The design condition, as specified in Table XIV, represents the 
worst reactor transient condition aa far as critical power is concerned. 
The minimum DNB ratio obtained by using the memory effect method is 1,35 
while the allowable value is 1.3. This demonstrates that the margin on 
DNB kept using the system parameter correlation q"W-2 was amply justified. 
However it 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 hae 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 flow 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 un asymmetrical sine upward skewed having the 
same average value as for the "hot channel". 
The inlet flow maldistribution factor was etili 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 in 
the Figg. 44, 45, 46) it appears that a reduction factor should be applied 
in the application of W-3 correlation to a channel with unheated walls. 
The expression of thie factor, function of some parameters influencing DNB, 
is still in elaboration. 
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D. WORK PROSECUTION 

The assumption that separated effects such as non uniform heat flux 
distribution and cold 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 investigated. In general it 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 investigate more complex test section is 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 condi
tions and to find out the real limitation to power output of the proposed 
core. 
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TABLE I - THERMAL AND HYDRAULIC CORE DATA 

Total power output, 

Mass flow rate, 

Hest transfer surface area, 

Average heat flux, 

Maximum heat flux, 

Nominal coolant inlet tempersture 
to internal oore region, 

Active length, 

Equivalent hydraulio diameter 
of unit cell, mm 11,58 

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

Coolant nominal pressure eta 126,80 

MWt 

gr/cm sec 

m2 

W/cm2 

W/om2 

°C 

nyt 

82,00 

172,20 

212,20 

38,66 

125,67 

289,40 

1180,00 



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, 

mn 

mn 

mm 





17,1 

21,3 

1317,0 

77,0 

nominally uniform 

Test section n°1B 

Hested tube inside dismeter, 

Heated tube outside diameter, 

Heated length, 

Length to dismeter ratio, 

Axial flux distribution, 

mm 

nun 

com 





10,2 

13,6 

785,0 

77 ,0 

nominally uniform 

Teet section n°1C 

Hested tube inside diameter, 

Heated tube outside dismeter, 

Heated length, 

Length to dia.neter ratio, 

Axial flux distribution, 

mm 

nun 

mia 





11,6 

15,0 

1183,0 

102,0 

nominally uniform 

Test section n°2 

Hested tube inside diameter, 

Heated length, 

Length to diameter ratio 

Axial flux distribution 

mm 

mm 





17,1 

1317,0 

77 ,0 

symmetrical cos ine 

1,7 ^*  0,7 cos 27T(f  0,5) ♦ 1 
φ max

 L 

Test section n
e
2B 

Hested tube inside diameter, 

Heated length, 

Length to diameter ratio 

Axial flux distribution 

CDD 

rupi 

φζ 

φ max 
o,5ir 8 

L 

senir ζ + 0,088 

L 

11,6 

1183,0 

102,0 

upward skewed 

asymmetrical s ine 



TABLE II (follows) 

Test seotion n°2C 

Hested tube inside diameter, mm 11,6 

Heated length, on 1183,0 

Length to dismeter ratio  102,0 

Axial flux distribution  downward skewed 

asymmetrical sine 

 ¿ 5 —  o,5tri=£ e # ntr¿=3+ 0,088 

Φ max 

For Test Sections No.2, 2B, 2C the equations given above represent 

the nominal hest flux distribution. Por the sotusi values, see 

reference (1). 

SQUARE ANHULPS TE3T SBCTIOB 

Square duot, mm 13x15 

Heater outside diameter mm 10.2 

Hester lengths mm 560,0 and 1163 

Axial flux distribution  nominally uniform 



ÜBLE III PNB DAU FOK TEST SECTION N* 1 P r . u u r . · 84 ata (Noeinal) 

Run 

178 (72.64) 

184 (72M) 

170 (7264) 

160 (191263) 

156 (7264) 

137 (7264) 

53 (13264) 

46 ( 1 W  6 4 ) 

42 ( 14264) 

153 (191263) 

33 (13264) 

27 (13264) 

186 (91263) 

81 (12264) 

70 (12264) 

M M · f l · « 

rato 
2 

) /ea aao 

49,3 

49,1 

49,8 

46,5 

49,8 

49,8 

74,0 

73,4 

73,7 

69,6 

73,1 

73,7 

71,6 

71,3 

73,7 

Inlet 

toaparatur« 

•C 

285,5 

279,5 

274,0 

271,3 

263,5 

258,7 

280,5 

282,5 

275,6 

271,8 

273,1 

267,6 

2 J 1 , 0 

256,5 

252,5 

Average 

heat flu« 

Worn 

154,00 

157,11 

160,36 

163,19 

166,01 

167,42 

169,12 

166,72 

173,64 

172,¿5 

173,08 

175,62 

181,98 

183,67 

18*,50 

Eftlt 

quality 

X 

63,04 

62,66 

60,86 

66,24 

59,70 

58,52 

43,56 

43,42 

42,83 

44,21 

41,96 

40,52 

41,77 

40,61 

38,13 

(DNBR) 
q"W 2 







.. 





_ 







_ 







(ON BR) 
ΔΗW 1 

1,03 +. 

1,03 + + 

1,03 ♦+ 

0,97 „+ 

i.°a 

V * ♦♦ 

1,21 

1,20 

1,18 

1,17 

i,ie 

1,20 

1,16 

1,15 

1,17 

(DNBR) 
¥3 































(DNUR) 
CISE 

0,95 

0,96 

0,91 

0,91 

0,96 

0,97 

1,06 

1,05 

1,05 

1,05 

1,06 

1,08 

1,05 

1,01 

1,08 

(DNBR) 
¿HFIAT 

1,18 

1,22 

1,17 

1,15 

1,16 

1,17 

1,14 

1,11 

1,1C 

1,12 

1,11 

1,12 

1,10 

1,10 

1,11 

(ONs*) 
Ferrei 

0,86 

0,87 

0,88 

0,85 

0,89 

0,91 

0,96 

0,96 

0,96 

O.H 

0,97 

0,99 

0,98 

0,99 

1,01 

(DNBR) 
Zankevi** 























♦ 







♦ Oata obtained with inlet enthalpy eut ef range 

♦♦ Oata ebtained with mass velocity «ut ef range 

. . . Data ebtained with both inlet enthalpy and a · · · velocity out ef range 

Far q" W2 and Δ
Η
 Vt2 correlation· a l l data are out of range for equivalent diameter Q · . For Ferrei

1
· correlation the 

lenght . 

• ree*of range for equivalent dlaoeter and 



Tabi·]) I (follows) Preaeure · 84 ata (Noainal) 

Run 

62 (19-12-63) 

57 (12-2 -64) 

117( 19-12-63) 

44 (12-2 -64) 

154 (13-2 -64) 

161 (13-2-64) 

153 (13-2 -64) 

61 (13-2-54) 

78 (14-2 -64) 

151 (13-2 -64) 

176 (19-12-63) 

142 (13-2-64) 

34 (19-12-63) 

135 (13-2 -64) 

105 (19-12-63) 

210 ( H - 1 2 - J 3 ) 

92 (24-6 -64) 

58 (24-6 -64) 

34 (10 -6 -64 ) 

25 (10-6-64) 

M a · · f low 

ra ta 
2 

g / c a eoe 

73 ,0 

74 ,0 

7 4 , 2 

74 ,2 

102,4 

103,1 

103,4 

97,7 

97,5 

102,6 

100,5 

103,6 

102,0 

103,4 

103,9 

105,2 

157,0 

155,9 

154,1 

154,2 

I n l e t 

teaperatura 

•C 

250,6 

246,4 

241,7 

241,5 

285 ,1 

280,6 

275,e 

271,0 

272,0 

268,4 

260,0 

256,2 

251,4 

246,6 

241,5 

233,5 

278,5 

270,6 

256,7 

256,1 

Average 

heat f lux 
2 

W/oa 

186,50 

190,88 

193,56 

195,68 

166,72 

173,78 

175,90 

179,43 

181,27 

181,55 

185,79 

185,32 

190,74 

194,88 

202,75 

209,10 

204,16 

213,34 

224,65 

223,23 

E x i t 

qua i l t y 

X 

38,26 

37,27 

36,53 

36,90 

30,18 

29,90 

28,70 

29,87 

30,53 

27 ,30 

26,49 

24,52 

23,67 

22,63 

22,47 

20,60 

21,15 

20,33 

16,35 

15,91 

(ONBR) 

q"-W 2 

-

-
-

-

-

-

_ 
-

-

-

_ 
-

-

-

-
-

-

-

-
— 

(ONBR) 
AH-W 2 

1,17 

1,17 

1,17 

1,16 

1,37 

1,34 

1,36 

1,32 

1,30 

1,34 

1,35 

1,35 

1,35 

1,36 

1,35 

1,33 

1,34 

1,34 

1,34 

1,35 

(DNBR) 
W-3 

-
-

-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

(UNUM) 
OISE 

1,09 

1,09 

1,10 

1,08 

1,16 

1,16 

1,18 

1,16 

1,14 

1,19 

1,21 

1,23 

1,25 

1,27 

1,24 

1,27 

1,11 

1.11 

1,15 

1,17 

(DNBR) 
AM-FIAT 

1,12 

1,11 

1,11 

1,10 

1,08 

1,07 

1,08 

i,oe 

1,06 

1,08 

1,11 

1,11 

1,12 

1,13 

1,11 

1,12 

0,89 

0,92 

0,93 

0,94 

(DNBR) 
Fer re i 

1,02 

1,02 

1,03 

1,02 

1,08 

1,07 

1.10 

1,08 

1,06 

1,11 

1,12 

1,15 

1,16 

1,17 

1,16 

1,19 

1,11 

1,11 

1,1*" 

1,17 

(DNBR) 
Zenkevidi 

-
-

_ 

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-



Tablait)  ( fe l low· ) Pressura · 64 a t · (Nominee) 

Run 

300 (9664) 

256 (9664) 

214 ( V 6  6 4 ) 

167 (9S64) 

176 (8664) 

158 (β664) 

111 (251164) 

9S (251164) 

108 (24664) 

72 (24664) 

41 (10664) 

8« (10664) 

70 (10664) 

273(9664) 

237 (5_«64) 

189 (9664) 

142 (8664) 

90 (6664) 

121 (251164) 

76 (201164) 

60 (201164) 

Mass flow 

rata 
2 

g /οπ sec 

154,8 

153,6 

154,1 

152,4 

151,2 

153,0 

154,0 

134,3 

200,3 

200,2 

197,9 

197,5 

196,0 

197,2 

197,4 

196,1 

196,0 

195,9 

196,2 

1 9 * , · 

197,5 

I n l e t 

tamparatura 

•C 

236,2 

216,4 

195,4 

179,0 

160,4 

141,0 

125,4 

112,7 

279,5 

270,8 

257,8 

238,5 

219,0 

216,0 

194,0 

177,0 

159,5 

140,0 

127,3 

116,0 

110,6 

Average 

haat flux 
2 

wye» 

246,67 

269,86 

293,6e 

305,18 

327,79 

350,39 

382,89 

401,26 

203,45 

210,52 

240,89 

255,73 

281,16 

283,99 

318,60 

343,33 

377,24 

394,19 

429,51 

447,88 

463,42 

Exit 

qua 1 i ty 

% 

13,20 

10,06 

4,69 

3,70 

1,61 

1 ,54 

2 ,30 

3 ,33 

15,36 

13,00 

11,76 

7,52 

3,92 

3,09 

0 ,06 

2 ,35 

3 ,93 

7 ,85 

6 ,25 

9 ,25 

9 ,36 

(ONOR) 

q"W 2 











1,03 ♦ 

1,0Î ♦ 

1,02 φ 













1,06 

1,07 

1,04 „ 

L« , 

1.10 . 

1,08 

1.05 ^ 

(DNB*) 

ΔΗW 2 

1,32 

1,30 4 

1,28 ♦ 

1,29 + 

1,26 ♦ 







1,46 

1,48 

1,38 

1.42 

1,40 

1,40 + 





Λ 









DNB«) 

w3 

0,82 

0,79 ♦ 



0,79 + 

0,78 4 

0,79 
♦ 

0,75 ♦ 

0,74 , 



0,87 

0,78 

0,82 

0,83 

0,84 ♦ 

0,82 * 

0,82 + 

0,79 
+ 

0,85 + 

0,80 ♦ 

0,79 + 

0,77 ♦ 

(DNBR) 

CISE 

1,16 

1,18 

1,18 

1,22 

1,20 







1,16 

1,20 

1,13 

1,20 

1,20 

1,21 















(DNBR) 

ΔΗFIAT 

0,96 

0,98 

0,99 ♦ 

1,02 + 

1,01 + 







0,84 

0,88 

0,86 

0,93 

0,95 

0,96 















I0NBR) 

Ferral 

1,20 

1,24 

1,26 

1,31 

1,31 

1,32 

1,27 

1,26 

1,23 

1,27 

1,21 

1,29 

1,32 

1,34 

1,34 

1,35 

1,33 

1,37 

1,32 

1,30 

1,28 

(DNB*) 

Zenkevloh 











a* 

































TABLE I I I  DNB Data for Teet Section η· 1 Pressure · 126 ata (Nominal) 

Run 

88 (20364) 

75 (20,364) 

25 (20364) 

128 (25664) 

34 (25664) 

122 (2464) 

60 (2464) 

72 (27364) 

12 (27364) 

196 (26364) 

88 (26364) 

121 (191154) 

128 (191164) 

104 (2464) 

44 (2464) 

64 (27364) 

258(26364) 

176 (26364) 

57 (26364) 

158 (181164) 

Maaa flew 

rata 
2 

g /am aao 

103,8 

196,8 

198,7 

49,8 

49,8 

49,1 

49,8 

48,8 

45,5 

50,6 

49,1 

46,7 

48,1 

74,5 

75,0 

73,9 

74,0 

74,4 

74,0 

73,5 

I n l e t 

teaperatura 

•C 

220,0 

226,5 

198,0 

304,0 

284,9 

266,5 

246,5 

234,0 

209,1 

182,0 

173,0 

59,0 

49,5 

266.0 

242,7 

230,4 

209,1 

183,8 

168/) 

128,7 

Average 

heat f lux 
2 

»Voa 

236,65 

264,91 

306,71 

107,37 

119,38 

134,22 

147,64 

139,16 

153,30 

175,90 

1*9,54 

226,06 

231,71 

150,19 

172,37 

172,37 

160,85 

200,63 

212,64 

241,to 

Exit 

qual i ty 

X 

18,36 

 1,14 

 6,04 

44,47 

42,02 

«3,79 

40,15 

32,32 

29,30 

28,72 

24,89 

20,85 

16,83 

23,24 

21,b9 

17,80 

12,31 

9,13 

8,44 

4,74 

(DNB'?) 

q"W 2 



1,20 

1,22 























•a 











(ONBR) 

Δ»« 2 

1,16 





V
0
 „ 

1 , 1 5 » , 

1,07 +♦ 

1,04 ♦♦ 

1,11 ♦♦ 

1.05 ♦ ♦ . 

1.02 ♦♦» 

1,05 

0,94 

0,95 

1,22 

1,17 

1,20 

1,21 + 

1,16 * 

1,14 + 

1,08 φ 

DNBR) 

W3 



0,92 

0,97 ♦ 



























0,87 ♦ 

0,66 ♦ 

0,84 ■» 

0,82 ♦ 

(DNBR) 

Cl SE 

1,12 





0,95 

0,97 

0,84 

0,93 

1,11 

1,15 

1,09 

1,20 

1,15 

1,23 

1,13 

1,13 

1,26 

1,43 

1,4« 

1,44 

1,42 

(ONBR) 

ûMFIAT 

0,92 





0,99 

0,97 

0,88 

0,90 

0,98 

0,97 

0.51 + 

0,95 * 

0,90 ♦ 

0,90 

0,89 

0,89 

0,93 

0,96 

0,99 ♦ 

0,94 ♦ 

0,91 ♦ 

(DNBR) 

Ferre i 

1,11 

1,35 

1,39 

1,06 

1,05 

0,94 

1,00 



1,10 

1,05 

1,09 

0,93 

0,9.5 

1,11 



1,14 

1,18 

1,1« 

1,15 

1,09 

(DNBR) 

8»nkevlah 





a» 





































TABLE I I I ( fa l low· ) Pressure  12e eta (Nominal) 

Run 

182 (181164) 

196 (181164) 

76 (191164) 

83 (191164) 

46 (3464) 

95 (2464) 

29 (2464) 

44 (27364) 

245 (26364) 

37 (26364) 

167 (26364) 

59 (181164) 

42 (181164) 

19 (181164) 

50 (171164) 

28 (171164) 

23 (161164) 

138 (25664) 

39 (3464) 

50 (25664) 

Mass flew 

rata 
2 

g /om sec 

74,1 

74,3 

73,8 

74,1 

105,2 

104,0 

104,1 

104,1 

103,1 

102,7 

105,3 

103,5 

103,5 

103,7 

103,8 

103,6 

103,7 

156,9 

155,1 

153,1 

I n l e t 

temperatura 

•C 

119,6 

107,0 

69.0 

60,5 

293,0 

266,0 

246,5 

231,5 

209,6 

181,0 

177,5 

169 , * 

160,2 

146,7 

137,6 

130,5 

123,2 

303,0 

294,5 

287,5 

Average 

haat flux 
2 

W/cm 

251,49 

266,33 

283,2e 

285,40 

139,87 

163,89 

185,79 

194,98 

218,52 

240,19 

248,67 

248,67 

2«1,38 

264,21 

274,00 

285,40 

295,99 

129,28 

148,35 

150,47 

Exit 

qua 1 i ty 

Χ 

4,46 

5,15 

2 ,43 

5 ,17 

17,30 

12,26 

9,55 

5,71 

2,27 

1,40 

 1 . 4 J 

 3 , 6 1 

3 ,79 

8 ,11 

8 ,85 

8 ,57 

8 ,58 

8,31 

8,42 

5,16 

DNBR) 

q"W 2 





1,35 ♦ 

1,39 ♦ 











1,32 

1,29 

1,46 

1,41 ♦ 

1,49 ♦ 

1,40 ♦ 

1,39 ♦ 

1,37 ♦ 



«a* 

#■ 

(DNBR) 

¿HW 2 

1,07 ♦ 

1,03 ♦ 





1,40 

1,34 

1,27 

1,27 

1,26 ♦ 



··»» 

, ej» 











1,61 

1,51 

1,52 

(ONBR) 

W3 

0,80 

0,76 * 

0,83 ♦ 

0,67 ♦ 



0,85 

0,83 

0,88 

0,91 4 

0,69 „ 

0 , 6 8 » 

0,90 ., 

0,»0 · 

0,94 ♦ 

0,93 * 

0 , 9 0 * 

0,87 * 

1,11 

0,96 

1,05 

DNBR) 

CISE 

1,36 

1,29 





1,23 

1,34 

1,34 

1,48 

1,«0 

















1,55 

1,42 

1,55 

ONBR) 

ΔΗFIAT 

0,90 ♦ 

0,88 * 





0 ,8 * 

0,90 

0,85 

0,92 

0,95 

















0,65 

0,83 

0,88 

(ONBR) 

F(»rrel 

1,08 

1,04 

0,55 

0,55 

1,21 

1,20 

1,18 

1,21 

1.23 

1,19 



1,20 

1,17 

1.2 

1,18 

1,15 

1.13 



1,35 



(DNBR) 

tenkevioh 



































TABLE II I (follows) pressura · 126 ata (Nominal) 

Run 

74 (25664) 

86 (2464) 

94 (27364) 

34 (27364) 

235 (26.364) 

14Ü (26364) 

70 (25364) 

80 (181164) 

85 (181164) 

93 (181164) 

29 (3464) 

96 (25664) 

64 (2 464) 

81 (27364) 

24 (27364) 

57 (27364) 

216 (26364) 

117 (26364) 

49 (25364) 

142 (181164) 

113 (181164) 

Maaa flow 

rata 
2 

g /cm sec 

154,5 

152,6 

152,« 

153,7 

153,2 

155,3 

152,1 

154,1 

154,4 

153,7 

200,2 

199,0 

156,9 

198,3 

196,5 

19«, 1 

196,3 

199,0 

195,8 

197,6 

197,5 

I n l e t 

tempere ture 

•C 

284,7 

270,8 

253,2 

228,5 

211,5 

176,9 

170,5 

158.a 

149,2 

138,4 

292,0 

283,7 

267,4 

246,5 

234,0 

231,5 

211,7 

181,2 

17«,1 

167,5 

160,7 

Average 

heet f lux 
2 

W/om 

158,24 

179,01 

204,87 

229,59 

248,67 

285,40 

291,05 

308,71 

316,48 

330,61 

164,72 

178,02 

204,1« 

245,13 

265,62 

267,03 

294,58 

343,33 

351,81 

359,56 

36«,«4 

Exi t 

qual i ty 

X 

5,78 

3,70 

0 ,03 

 5 , 1 1 

7 ,54 

15,30 

16 ,59 

18 ,29 

20,29 

21 ,62 

4,34 

1,92 

1 ,43 

4 ,32 

 6 , 6 3 

« ,98 

11,00 

16,59 

17 ,71 

19,74 

21,25 

(DNBR) 

q"W 2 





1,37 

1,42 

1,40 

1,45 

1,45 

1,50 ♦ 

1,54 ♦ 

1,49 ♦ 



«JBJ 

1,42 

1,34 

1,33 

1,33 

1,34 

1,32 

1,31 

1,3« 

1,3« , 

¡ONBR) 

ΔΜW 2 

1,50 

1,42 

1,33 















1,49 

1,48 



















(DNBR) 

W3 

1,02 

0,95 

0,93 

0.98 

0,96 ♦ 











1,01 

1,01 

1,00 

0,94 

0,93 

0,94 

0,97 + 









(ONBR) 

CISE 

1,52 

1,49 

1,49 















1,44 

1,49 



















(DNBR) 

Δ Η  F I A T 

0,87 

0,87 

0,87 















0,78 

0,81 



















(DNBR) 

Ferral 



1,29 

1,25 





1,31 



1.27 

1,32 





'







~ 

1,2« 

1,24 







(DNBR) 

Sankewioh 













































TABLE I I I DNB  Dets for Us t section η° 1 Praaaura · 140 ata (Nominal) 

Run 

78 (11364) 

•7 (11364) 

120 (11864) 

217 (12354) 

192 (12364) 

178 (12364) 

119 (12S64) 

103 (12364) 

186 (13364) 

95 (13364) 

56 (101164) 

139 (271164) 

50 (301164) 

46 (301164) 

31 (301164) 

21 (301164) 

13 (301164) 

SB (11364) 

50 (11364) 

25 (11364) 

Me.» flew 

rete 
2 

g /oa sec 

50,5 

45,6 

50,0 

«9,4 

45,6 

49,9 

45,0 

45,3 

51,3 

51,3 

49,4 

45,4 

45,3 

45,5 

50,8 

45,2 

50,5 

75,5 

74,4 

73,5 

I n l e t 

temperature 

•C 

319,6 

312,0 

291,4 

274,6 

252,4 

234,5 

225,3 

221,8 

191,0 

172,5 

105,9 

10«, 8 

51,7 

85,1 

64.1 

53,0 

47,8 

317,2 

512,5 

294,6 

Averege 

heat f lux 
2 

Worn 

74,17 

78,41 

92,54 

99,«D 

113,03 

131,39 

135,05 

137,04 

1«4,«0 

175,19 

206,99 

205,10 

223,23 

224.06 

240,15 

248,86 

255,02 

82,65 

86,85 

104,55 

Exit 

qual i ty 

X 

31,58 

30,61 

27,54 

24,22 

21,82 

23,50 

22,40 

21,55 

22,85 

20,35 

18,91 

17,48 

20,74 

16.99 

15,94 

20,80 

18,56 

19,77 

10.82 

16,75 

(DNDR) 

q"W 2 . 













aa 













_ 













(DNBR) 

¿HW2 

1,51 . ♦ 

1,47 ♦♦ 

1,36 ♦„ 

1,32 ♦* 

1,25 ♦♦ 

1,13 ♦♦ 



1,05 ♦ . 

1,03 ♦♦+ 

1,00 ♦♦♦ 

0,54 ♦♦♦ 

0,52 ♦*♦ 

0,85 ♦♦♦ 

0,85 ♦♦♦ 

0,85 ♦♦♦ 

0,85++·· 

o,» · . . . 

1,71 

1,63 

1,47 

(ONBR) 

W3 









































(DNBR) 

CISE 

1,13 

1,17 

1,19 

1,2« 

1,31 

1,16 

1,13 

1,15 

1.12 

1,10 

1,11 

1,04 

0,5« 

0,91 

1,01 

0,91 

0,92 

1,36 

1,36 

1,34 

(DNBR) 

¿HFIAT 

1,10 

1,11 

1,0« 

1,04 

1,01 

0,92 

0,90 

0,90 

0,87 ♦ 

0,85 ♦ 

0,83 ♦ 

0,80 + 

0,75 + 

0,78 . 

0,78 ♦ 

0,76 ♦ 

0,76 ♦ 

1,03 

1,01 

0 , 5 . 

(ONBR) 

Ferrei 





1,2* 

1,25 

1,22 

1,12 

1,05 

ï . « 

1,06 

1,02 

0,55 

0,52 

0,85 

0,88 

0,85 

0,80 

0,80 

1,50 

1,44 

1,31 

(DNBR) 

ZenkeVion 









































lABLE I I I  (FolIowa) Praaaura · 140 ato (Noainel) 

Run 

36 (11364) 

24 (11364) 

19 (11364) 

t (11364) 

4 (11364) 

33 (12364) 

179 (13354) 

79 (13.354) 

ài (271164) 

50 (271164) 

47 (271164) 

15 ( 2 7  1 1  6 4 ) 

37 (271164) 

22 (271164) 

26 (271164) 

260 (12364) 

270 (12364) 

255 (123 6* ) 

248 (12354) 

245 (12364) 

Maaa Flow 

rate 
2 

g /cm eoo 

73,3 

74,9 

76 ,2 

75,0 

72,2 

7 3 , 6 

74,8 

74,2 

74,3 

74,9 

74,a 

7 4 , 4 

74,0 

73,9 

74,3 

103,9 

104,1 

102,8 

103,4 

101,9 

I n l e t 

temperature 

•C 

288,1 

270,8 

2*5,5 

251,0 

242,2 

2 1 4 , 5 

197,0 

187,0 

135,1 

117,9 

109,9 

1 0 6 , 3 

91,0 

81,0 

71,3 

324,5 

324,2 

317,2 

315,0 

297,6 

Average 

heat f lux 

W/oa 

115,85 

129,27 

131,39 

144,82 

144,11 

169,54 

194,27 

203,45 

241,60 

248,66 

252,90 

2 6 4 , 2 1 

269,15 

292,4« 

299,53 

74,88 

77,00 

84,0« 

96,18 

109,49 

Exit 

qual i ty 

X 

14,7« 

14,« 

12,*2 

11,59 

10,12 

6 , 3 9 

7,17 

7,31 

0,72 

 4 , 0 6 

 4 , 7 8 

 1 , 4 7 

 5 ,57 

0 ,23 

2 ,09 

13,04 

13,42 

11,78 

10,96 

9,01 

(DNBR) 

q"W 2 



















1,49 ♦ 

1.49 + 

1 . 4 * . 

1,43 ♦ 

1,43 „ 

1,34 „ 





_ 



•a» 

(ONBR) 

Δ Η  W 2 

1,37 

1.33 

1,36 

1,27 

1,30 

1 , 2 0 + 

1,10 , 

1,06 , 

1,02 + 













1,96 

1.94 

1,87 

1,86 

1,62 

(ONBR) 

W3 



0,89 

O . H 

0,90 

0,97 

0 , 9 2 . 

0,81 „ 

0 . 7 6 . 

0 , 7 9 . 

0,84 . 

0 , 8 4 . 

0,77 ♦ 

0,82 „ 

0,69 + 

0,70 + 

1,44 

1,43 

1,34 

1,35 

1,16 

(DNBR) 

Ci SE 

1,27 

1,35 

1,45 

1,41 

1,55 

1 ,56 

1,34 

1,30 

1,35 













1 , «Ο

Ι , 60 

1,66 

1,70 

1,84 

(DNBR) 

ΔΗFIAT 

0,91 

0,91 

0,93 

0,91 

0,94 

0 , 9 0 

0,85 + 

0,84 . 

0,82 . 













1,02 

0,99 

1,01 

1,02 

0,96 

(DNBR) 

Ferre i 

1,23 

1,21 

1,24 

1,19 

1,23 

1,17 

1,09 

1,07 

1,01 

1,01 

0,99 

0,97 

0,95 

0,88 

0,86 

1,80 



1,67 

1,56 

1,44 

(DNBR* 

Zenkewich 











































TABLE I I I  (Follows) Pressur« ■ 14* ata (Nominal) 

Run 

232 (12364) 

206 (12364) 

151 (12364) 

44 (12964) 

168 (12364) 

112 (261154) 

105 (261164) 

93 (261164) 

75 (251164) 

61 (261164) 

138 (26554) 

120 (26664) 

114 (26564) 

106 (26654) 

91 (26664) 

60 (25664) 

48 (26664) 

33 (26664) 

16 (26664) 

125 (251164) 

Maas flow 

reta 
2 

g /cm aao 

103,4 

103,9 

103,5 

102,9 

105,1 

103,7 

104,1 

103,7 

103,6 

103,3 

152,9 

154,2 

152,9 

154,7 

153,3 

155,0 

153,8 

152,3 

153,0 

153,4 

In le t 

temperature 

•C 

275,C 

251,2 

237,7 

216,0 

195,0 

187,6 

174,6 

168,3 

150,2 

151,5 

326,0 

315,2 

297,6 

273,7 

260,5 

236,5 

217,4 

200,2 

179,0 

170,2 

Average 

haet f lux 
2 

•V om 

134,22 

155,41 

173,78 

197,80 

216,17 

231,00 

238,77 

245,84 

2*9,37 

251,49 

94,66 

110,91 

137,05 

173,78 

187,20 

223,23 

247,25 

267,03 

288,22 

304,47 

Exit 

qual i ty 

K 

4,35 

0 ,75 

2 ,33 

3 ,87 

7 ,87 

7 ,53 

40,64 

10,77 

13,44 

14,96 

11,19 

7,61 

3,61 

1 ,03 

5 ,41 

8 ,52 

11,83 

14,76 

20 ,69 

21,13 

;DNBR) 

q"W 2 



1,71 

1,53 

1,54 

1,54 

1,57 

1,57 

1,56 

1,54 . 

1,53 . 







1,55 

1,60 

1,50 

1,47 

1,46 

1,50 

1,44 

(ONBR) 

¿HW 2 

1,46 





-

-

-

-

-

-



1,67 

1,60 

1,48 

— 













(DNBR) 

W3 

1,10 

1,11 

1,03 

0,99 ► 

1,02 . 

0,94 ♦ 

0,98 . 

0,96 ♦ 

0,99 , 

1,03 . 

1,22 

1,17 

1,11 

1,01 

1,07 

1,00 

1,00 

1,01 ♦ 





(DNBR) 

CISE 

1,76 



















1,42 

1,52 

1,62 















(DNBR) 

Δ Η  F I A I 

0,95 



















0,71 

0,78 

0,83 















(ONBR) 

Ferra l 

1,34 

1,32 

1,25 

1,21 

1,22 

1,44 

1,16 

1,14 

1,15 

1,17 







1,28 



1,23 

1,21 

1,20 

1,20 

1,17 

(DNBR) 

¿ank evien 











































ΤΑΘΙΕ IH frollo«») Pressure · 141 ata (Nonina!) 

Run 

134 (JJ11J4) 

30C (123o4) 

125 (271134) 

112 (271134) 

102 (27 MJ4 ) 

81 (271104) 

7 7
 (271134) 

154 (133 34) 

71 (271134) 

152 (2o11J4) 

14o (231134) 

Mass flow 

rate 
2 

9 /cm sec 

154,5 

193,9 

198, o 

197,1 

198,4 

199,1 

197,7 

198,3 

197,9 

199,7 

197,2 

In lä t 

temperature 

•C 

15o, 8 

324,0 

293,1 

27ó, 1 

255,7 

233,1 

213,2 

198,¡. 

195,5 

188, j 

170,2 

Average 

heat flux 
2 

W/cm 

320,72 

110,20 

179,79 

210,52 

247,96 

2 8 1 , 1 * 

309,42 

33.1,2o 

332,73 

347,57 

373 ,0 i . 

Exi t 

quality 

% 

2»,09 

8,37 

0,79 

2 ,99 

 6,88 

11,75 

15,43 

17,08 

19 ,8 

 2 1 , >o 

24,07 

(DNBR) 

q"W 2 

1,46 ♦ 





1,47 

1,41 

1,36 

1,36 

1,31 

1,3o 

1,34 

1,34 

(DNBR) 

¿HW 2 



1,52 

1,27 

















(DNBR) 

W3 



1,12 

0,90 

0,68 

Ü,fc7 

0,91 











(ONOR) 

CISC 



1,38 

1,26 

















(DNOR) 

Δ Η  Γ Ι Α Τ 



0, oO 

0,71 

















(DN3R) 

Ferre i 

1,1ο 

1,60 

1,23 

1,17 

1,13 

1,13 

1,11 

1,12 

1,14 

1,12 

1,11 

(DNBR) 

í«f"< wich 

























TABLE IV UNß Di ta tor t e s t sec t ion n° 1 Β °  » s a u r e · 26 a ta (Nominal) 

Run 

134 ( 1 3  1 0  6 4 ) 

120 ( 1 3  1 0  6 4 ) 

99 ( 1 3  1 0  6 4 ) 

79 ( 1 3  1 0  6 4 ) 

53 ( 1 3  1 0  6 4 ) 

27 ( 1 3  1 0  6 4 ) 

e i ( 1 2  1 0  6 4 ) 

54 ( 1 2  1 0  6 4 ) 

186 ( 1 4  1 0  6 4 ) 

95 ( 1 4  1 0  6 4 ) 

77 ( 1 4  1 0  6 4 ) 

J 1 ( 1 4  1 0  6 4 ) 

47 ( 1 4  1 0  6 4 ) 

39 ( 1 4  1 0  6 4 ) 

19 ( 1 4  1 0  6 4 ) 

Mass f low 

r a t a 
2 

g /cm sac 

155,6 

155,5 

151,4 

156,0 

156 ,7 

156,9 

156,1 

157 ,3 

2 0 2 , 3 

2 0 2 , 3 

195, e 

2 0 2 , b 

169,7 

201 ,7 

195 ,5 

I n l e t 

temperatur« 

•C 

313 ,5 

299,0 

288, 

2 6 7 , 5 

2 4 5 , 7 

227 ,4 

173,7 

124,0 

315 ,5 

304 ,5 

2 9 5 , 0 

2 7 8 , 5 

227 ,5 

175 ,3 

127 ,5 

Average 

hea. f l u x 

2 
W/om 

144,06 

164,94 

182,82 

215 ,61 

244 ,4« 

266 ,29 

344 ,78 

403 ,41 

166,93 

184 ,e i 

202 ,70 

238 ,47 

311,99 

389,50 

439 ,18 

E x i t 

qua 11ty 

X 

17,07 

13 ,24 

12 ,03 

7 ,54 

3 ,65 

 0 , 34 

 7 , 3 2 

 1 5 , 3 2 

15 ,24 

11 ,95 

10,69 

5 , 8 2 

 1 , o 8 

 1 4 , 0 2 

 2 3 , 1 7 

(DNBR) 

q"W 2 











1,17 

1,11 

1,13 ♦ 









1 , 0 · 

1,16 

1,21 ♦ 

(DNOR) 

Δ *  W2 

1,33 

1,32 

1,26 

1,21 

1,19 







1,22 

1,23 

1 ,1» 

1,16 



•St 



(DNBR) 

W3 



1,05 

1,00 

0 , 9 9 

1,01 

1,05 

1,03 . 





0 ,95 

0 ,91 

0 ,93 

0 , 9 6 

1,13 ♦ 

(DNBR) 

CI'3E 

1,20 

1,27 

1,26 

1,29 

1,37 







1,10 

1,14 

1,13 

1,16 





(ÜN0R) 

Δ Η  F I A T 

1,05 

1,08 

1 , C 

1.05 

1,07 







0,95 

0 ,99 

0 ,99 

1,01 







(ON HR) 

F e r r e i 

1,21 

1,18 

1,14 

1,11 

1,12 

1,13 

1 ,10 

1,07 

1 . 1 " 

1,14 

1,10 

1,06 

1,07 

1,13 

1,13 

(DNBR) 

Zenkewich 











1,32 

1,37 ♦ 

1 . " . 









1,25 

1,71 . 

1.9? ♦ 

♦ Oata obta ined w i th I n l e t enthalpy out o f range 

For F e r r o l * · c o r r e l a t i o n «11 data ara out o f range fo r lenght 



TABLE IV  (Follow») Pressure · 126 ata (Nominal) 

Run 

74 (151064) 

59 (152064) 

38 (151064) 

30 (151064) 

22 (151064) 

Mass flow 

rate 
2 

g Zorn aec 

301.1 

297,7 

298,1 

295,2 

298,9 

I n l e t 

temperatura 

•C 

307,0 

297,5 

277,5 

224,0 

177,2 

Average 

heat flux 
2 

•Voa 

206,67 

236,48 

291,13 

416,32 

502,77 

Exi t 

qual i ty 

X 

7,26 

5,04 

1.32 

8 ,44 

19,85 

[DNBR) 

q"W 2 







1,05 

1.12 

(ONBR) 

ΔΗW 2 

1,27 

1,20 

1,18 





(DNBR) 

W3 

1,00 

0,98 

0,93 

0,99 



(DNBR) 

CISE 

1.10 

1,05 

1,01 





(DNBR) 

ΔΗFIAT 

0,98 

0,98 

0,99 





(ONBR) 

Ferrei 

1,19 

1,13 

1,06 

1,05 

1,10 

(DNBR) 

Zenkewleh 







1.53 . 

1.92 ♦ 



TABLE V DNB data for test saction n° 1 C Praaaura · 132 »ta (Nominal) 

Run 

17 (3365) 

67 (2365) 

237 (1365) 

130 (1365) 

62 (26265) 

46 (16265) 

106 (3365) 

31 (3365) 

80 (2365) 

93 (2355) 

11 (2365) 

143 (1365) 

15 (1365) 

93 (2626S) 

146 (3365) 

Maaa flow 

rata 
2 

g /om aao 

92,5 

93,8 

92,6 

94,1 

90,7 

94,9 

9 4 , · 

139,8 

136,8 

140,3 

136,3 

139,9 

137,7 

139,1 

142,8 

In le t 

temparatura 

•C 

322,3 

311,8 

284,3 

233,1 

188,3 

146,8 

85,8 

321,8 

313,3 

309,3 

288,0 

234,4 

185,5 

134,6 

84,5 

Average 

heat f lux 

W/ α

1 00,87 

103,5 

134,49 

176,23 

206,37 

236,52 

278,84 

105,5 

109,56 

120,58 

153,04 

208,11 

253,91 

310,72 

377,39 

Exit 

qual i ty 

X 

34,38 

29,46 

28,05 

21,28 

17,93 

10,09 

3,83 

22,13 

15,78 

19,12 

18,57 

7,58 

1,58 

• 3 , 7 8 

7 ,54 

(DNBR) 

q"W 2 





















·*» 

•as 



1,24 . 

1 . « + 

(DNBR) 

Z1HW 2 

1,24 

1,25 

1,11 

1,03 

0,98 . 

0,97 # 

0,93 . 

1,34 

1,34 

1,29 

1,16 

I t « 

1,03 φ 





(DNBR) 

W3 











1
»

0 5
 ♦ 

0,93 . 









0 ,9* 

0,95 + 

0,57 + 

0,91 ♦ 

(DNBR) 

CISE 

0,96 

1,02 

0,99 

1,07 

1.09 

1,22 

1,27 

1,14 

1,18 

1,17 

1,10 

1,25 

1,35 





(DNBR) 

Δ Η  F I A I 

0,53 

0,57 

0,92 

0,53 

0,53 . 

0,15 ♦ 

0,94 . 

0,58 

1,01 

0,99 

0,95 

0,58 

0,59 ♦ 





(DNBR) 

Ferral 

1,17 

1,19 

1,08 

1,06 

1,04 

1,04 

Ο,βό 

1,34 

1.32 

1,25 

1,13 

ι . " 
1,09 

1,03 

0,53 

(ONBR) 

Zenkevlsh 

-

-

-

-

-
-

-

-

-

-

-
-
-

1,18 ♦ 

1,12 4 

♦ Data obtained with In le t enthalpy out of ranga 

For F e r r e ' l · correlation a l l data ara out of range for equivalent diameter and lenght 



TABLE V (Follows) Pressura · 132 ata (Nominal) 

Run 

45 (3365) 

110 (2365) 

22 (2365) 

155 11365) 

51 (1365) 

104 (26265) 

166 (3365) 

61 (3365) 

131 (2365) 

34 (2365) 

175 (1355) 

57 (1365) 

115 (26265) 

176 (3365) 

80 (3365) 

141 (2365) 

47 (2365) 

215 (1365) 

110 (1365) 

135 (26265) 

151 (3365) 

205 (3365) 

Mass flow 

rate 
2 

g /cm seo 

181,2 

185,6 

183,5 

175,6 

185,4 

185,1 

185,4 

224,1 

225,0 

225,2 

227,3 

225,1 

232,8 

230,3 

303,7 

314,2 

301,0 

312,6 

316,7 

316,2 

315,4 

316,4 

Inlet 

temperature 

•C 

323,2 

105,5 

282,8 

233,1 

181,1 

131,5 

84,8 

323,5 

307,8 

279,8 

231,0 

186,4 

127,8 

88,8 

325,1 

305,0 

287,5 

236,2 

183,0 

131,2 

104,5 

85,3 

Average 

heat flux 
2 

Worn 

108,58 

132,17 

177,39 

240,00 

314,20 

385,51 

466,66 

113,62 

146,05 

204,06 

280,58 

353,62 

451,55 

522,90 

131,01 

174,45 

227,82 

347,24 

455,13 

557,1o 

627,82 

664,52 

Exit 

qua 1 i ty 

X 

17,47 

13,85 

10,35 

3,34 

5,11 

610,45 

13,80 

14,25 

10,45 

«,16 

2,22 

6,00 

1«,55 

15,34 

13,17 

7,58 

4,47 

4 ,80 

13,55 

21,08 

23,37 

 25,14 

(DNBR) 

q"W 2 









1,17 

1,12 ♦ 

1,02 ♦ 







1,19 

1,11 

1,07 , 

1,01 ♦ 



«a* 



1,10 

1,06 

1,00 t 

0,58 . 

0,54 ♦ 

(DNBR) 

ΔΗW 2 

1,36 

1,25 

1,15 

1,06 







1,38 

1,28 

1,14 

— 

— 





1,31 

1,25 

1,13 









— 

(ONBR) 

W3 



1,05 

0,97 

0,96 

1,00 + 

0,56 ♦ 

0,51 . 

1,23 

1,11 

0,97 

1,00 

1,02 . 





1,19 

1,02 

0,52 

0,54 

1,01 . 







(DNBR) 

CISE 

1,21 

1,22 

1,18 

1,22 







1,2* 

1,23 

1,44 









1,15 

1,08 

1,00 











(DNBR) 

4HFIAT 

1,00 

1,00 

0,98 

0,99 







1,01 

1,00 

0,96 









0,55 

0,54 

0,54 











(ONBR) 

Ferrei 

1,43 

1,30 

1,15 

1,10 

1,08 

1,00 

0,51 

1,05 

1,31 

1,13 

1,05 

1,07 

1,00 

0,52 

1.48 

1,24 

1,05 

1,02 

1,01 

0,58 

0,52 

0,88 

(ONBR) 

Zenkewloh 









1,39 ♦ 

1 , * . 

1,28 , 







1,44 

1,57 + 

1,«4 * 

1,52 + 







1,48 

1,«9 . 

1,81 , 

i , *e ♦ 

1,87 ♦ 



TABLE VI DNB QUALITY <  15X 

RUN 

N · 

5 2 ( 7  1 0  6 4 ) 

1 1 7 ( 6  1 0  6 4 ) 

1 0 6 ( 6  1 0  6 4 ) 

9 0 ( 6  1 0  6 4 ) 

1 0 3 ( 7  1 0  6 4 ) 

7 3 ( 7  1 0  5 4 ) 

PRESSURE 

a t a 

126 ,2 

126 ,2 

123 ,2 

126 ,2 

127 ,7 

1 2 6 , 2 

MASS FLOV 

RAJE 

g/ca »ax 

152,9 

152,7 

153,5 

148,4 

196,0 

197,7 

INLET suacoo 

LING 

•C 

8 3 , 7 

106 ,0 

145 ,0 

1 6 7 , 0 

6 9 , 4 

8 7 , 0 

EXIT 

OLIALI ■ < 

» 

 6 , 5 

 1 1 , 5 

 2 2 , 0 

 2 1 , 7 

 7 , 0 

 1 2 , 1 

DN8FIEL0 

( 2 / L ) 

IEASUREO 

0 , 6 1  0 , 6 5 

0 , 6 1  0 , 6 5 

0 , 6 1  0 , 6 3 

0 , 6 1  0 , 6 5 

0 , 6 1  0 , 6 8 

0 , 6 1  0 , 6 5 

( Z / L ) ΟΝβ 

PREDICTED 

0 , 5 6 

0 . 5 5 

0 , 5 6 

0 , 3 5 

0 , 5 6 

0 , 5 5 

0 , 5 6 

0 , 5 5 

0 , 5 6 

0 ,55 

0 , 5 6 

0 , 5 5 

PREDI CTEO 

" " ( » Β 2 

W
/ c a i 

3 7 0 , 6 2 

442 ,16 

423 ,16 

5 1 4 , 4 7 

5 1 2 , 2 4 

644 ,65 

545 ,85 

6 6 7 , 1 2 

3 8 6 , 8 3 

442 ,40 

434 ,17 

5 0 8 , 3 4 

MEASURED 

<ί"θΝΒ „ 

3 0 7 , 2 » 

3 1 7 , 3 2 

3 4 3 , 3 7 

3 5 4 , 5 7 

3 8 6 . 4 2 

* » 9 , U 4 

4 5 6 , 8 5 

4 6 6 , 3 5 

3 2 4 , 8 9 

3 3 1 , 8 8 

3 4 4 , 5 4 

3 5 5 , 7 6 

R 

DNB 

1 ,20 

1 .3» 

1,23 

1,45 

1 .32 

1,61 

1 ,21 

1,47 

1 ,1» 

1,33 

1 .26 

1,43 

DNB 

QUALITY 

X 

- 1 » , 3 

- 2 0 , 5 

- 2 6 , 1 

- 2 7 , 4 

- 3 8 , 4 

- 3 » , » 

- 4 1 , 4 

- 4 3 . 2 

- 1 7 , 9 

- 18 ,3 

- 2 3 . 3 

- 2 4 , 3 

CORRELATION 

F e r r o l 

q" ( « - 2 ) 

F e r r e i 

q" (W-2) 

F e r r o l 

β " ( * - 2 ) 

F e r r o l 

q" ( W - 2 ) * 

F e r r e i 

q" (W-2) 

F e r r o l 

q" (W-2) 

XI AL FLUX 

DISTRIBUTION 

Symmetrical 

• o s i n a 

Toat S a c t i o n η · 2 

Syaaaetr ical 

Coal η« 

Toat S e c t i o n η · 2 

Symmetrical 

Cosino 

T * » t S e c t i o n η · 2 

Symmetrical 

Cosine 

T e a t - S e c t i o n n* 2 

Symmetrical 

Cosino 

Toet M o t i o n η* 2 

Symmetrical 

Cosino 

Tost S e c t i o n n · 2 

♦ Oat« obtained with in le t enthalpy out of rengo 

For Fer ro l 's correlation the data are out of range for equivalent dismeter end length 

For q"(W2) comist ión s i l dsts related to symmetries! cosine hest f lux distr ibut ion sre out of rsnge for equivalent diameter. 



TABLE VI - ( fo l lows) DNB )UALITY< - 15S6 

RUN 

N° 

33(15 -2 -65 ) 

38(10-12-54) 

52(10-12-64) 

61(10-12-64) 

97(9-12-64) 

26(10-12-64) 

14(10-12-54) 

73(9 -12-64) 

50(9-12-64) 

83 (9 -12 -64 ) 

PRESCHE 

ata 

139,7 

131,3 

130,3 

132,3 

131,3 

130,7 

131,3 

130,7 

131,7 

131,3 

MASS FLOV 

RATE 
2 

o/cm sec 

95,0 

141,7 

142,4 

142,3 

142,5 

142,3 

142,3 

143,8 

142,7 

143,1 

INLET SUB

COOLING 

•C 

143,9 

136,4 

140,5 

141,0 

141,9 

142,1 

146,7 

152,8 

177,0 

198, a 

Ei l Τ 

DUALITY 

Χ 
- 14,5 

- 8,e 

- 1 0 , 5 

- 1 1 , 3 

- 8 ,2 

- 9,ε 

- 1 2 . 1 

- 1 1 , 8 

- 1 4 , 8 

- 1 3 , 8 

DNO-FIELD 

Z/L) 

MEASURED 

0 ,53-0 ,32 

0 ,79-0 ,87 

0 ,74-0 ,87 

0 ,80-0 ,85 

0 ,82-0 ,87 

Ο,εθ-0,87 

0 ,80 -0 ,93 

0 ,82-0 ,85 

0 ,79 -0 ,64 

0 ,79-0 ,84 

(Z/DDNB 

>?EDICTED 

0,56 

0,55 

0,72 

0,70 

0,72 

0,70 

0,72 

0,7o 

0,72 

C.70 

0,72 

0,70 

0,70 

0,70 

'-,72 

0,71 

0,72 

0,70 

0,72 

0,70 

PREDICTED 

q'ONB 

V / 2 

" /cm 
355,31 

539,37 

335,20 

457,59 

343,27 

471,24 

339,93 

474,71 

343,37 

4>5,55 

344,92 

471,26 

354,00 

485,98 

360,43 

4S/j,52 

384,37 

543,47 

40 j , 96 

584,76 

rlEASLRED 

q" DNB 
2 

Wem 
297,95 

307,59 

349,02 

352,76 

349,02 

352,78 

349,02 

352,78 

358,51 

372,49 

358,75 

362,64 

359,07 

359,07 

37 :,30 

380,37 

415,28 

419,79 

456,25 

4a1,18 

R 
ONB 

1.19 

1,75 

0,9o 

1,29 

0 ,9 * 

1.33 

0,97 

1,34 

0,93 

1,25 

0,95 

1,3C 

0,98 

1,35 

0 , 9 J 

1.31 

0,92 

1.29 

0,89 

1,26 

DNB 

DUALITY 

% 
- 35,8 

- 37,fc 

- 24,3 

- 24,0 

- 25,0 

- 27,1 

- 26,5 

- 27,7 

- 24,6 

- 25,9 

- 25,6 

- 26,9 

- 29,2 

- 29,2 

- 28,0 

- 29,5 

- 33,0 

- 34,5 

- 36,6 

- 36,3 

CORRELATION 

Fer re i 

q"(W-2) 

F e r r e i 

· " (W-2) 

F e r r e i 

q" (W-2) 

Fer re i 

q"(W-2) 

F e r r e i 

q"(W-2) 

Fe r re i 

q"(W-2) 

F e r r e i 

q"(W-2) 

Ferr e l 

q" (W-2) 

Fe r ra l 

4" (*->) + 

Fer re l 

q"(W-2) + 

AXIAL FLUX 

DISTRIBUTION 

Symmetrical 

Cosi ne 

Test section η · 2 

Upward skewed 

asymmetrical sine 

tes t section η* 2B 

Upward skewed 

asymmetrical sine 

test section η* 28 

Upward skewed 

asymmetrical sine 

test section η* 2B 

Upward skewed 

asymmetrical sine 

test section η* 28 

Upward skewed 

asymmetrical sine 

test section ηβ 2B 

Upward skewed 

asymmetrical sine 

test section n° 28 

Upward skewed 

asymmetrical sine 

test section n° 2B 

Upward skewed 

asymmetrical sine 

tes t section n° 2B 

Upward skewed 

asymmetrical sine 

tea t -sect ion η* 2B 



TABLE Vi  (Follow·) DNB QUALITY <  15« 

RUN 

N · 

33(9 12 64) 

29(111264) 

33(211264) 

142(111264) 

119(111264) 

155t111264) 

186(111264) 

213(111264) 

223(111264) 

190(181264) 

'RE SSU RE 

ata 

130,3 

131 ,3 

132.3 

131.3 

129,7 

131,3 

130,3 

131,3 

131,3 

132,7 

4ASS FLOW 

RAJE 

g/om aac 

143,6 

146,0 

186,3 

183,9 

185,5 

186,7 

196,1 

186,1 

186,5 

229 ,3 

INLET SUB

COOLING 

•C 

201,3 

251,2 

107,1 

136,6 

142,5 

193,5 

197,0 

239,5 

242,1 

95,2 

EXIT 

guALiTY 

X 

 1 8 , 5 

 2 7 , 6 

 8 . 0 

 1 2 . 5 

 1 4 , 1 

 2 0 , 6 

 2 5 , 9 

 29 ,8 

 3 1 , 1 

 8 , 4 

DNBFIELO 

( Z A ) 

MEASURED 

0,820 ,88 

0 ,760 ,85 

0 ,790 ,85 

0 ,76 0 ,85 

0 ,790 ,88 

0 ,760 ,85 

0 ,790 ,85 

0 ,730 ,85 

0 ,730 ,85 

0 ,790 ,85 

(Z/DDNB 

PREDICTED 

0,72 

0 ,70 

0,72 

0 ,80 

0 ,71 

0,70 

0.72 

0,70 

0,72 

0,70 

0 ,72 

0,70 

0,72 

0,70 

0,72 

0,70 

0,72 

0,70 

0,71 

0,70 

PREDICTED 

q" DNB 
2 

Worn 

412,41 

597,38 

447,89 

632,55 

346,08 

444,31 

191,31 

511,72 

406,42 

531,68 

476,41 

645,84 

498,36 

¿87,93 

515,92 

764,50 

518,00 

775,56 

362,39 

456,87 

MEASURED 

a " ONB 
1
 2 

W/ca 

452,34 

457,»4 

549,83 

485,20 

370,91 

370,52 

421,15 

425,71 

430,89 

435,55 

545,92 

551,64 

534,22 

540,01 

612,21 

618,85 

610,25 

616,88 

400,20 

400 ,10 

R 
DNB 

0,91 

1,30 

0,81 

1,30 

0,93 

1,20 

0,93 

1,20 

0,94 

1,22 

0,87 

1,17 

0 ,93 

1.27 

0,84 

1.23 

0 ,85 

1,25 

0,00 

1,14 

DNB 

(XJALITY 

X 

 37,8 

 39,5 

 50,4 

 41,4 

 2 1 , 4 

 2 1 , 4 

 27 ,0 

 28 ,2 

 28,4 

 29,6 

 38,8 

 40,3 

 42,8 

 4 4 , 2 

 49,8 

 51,5 

 5 1 , 0 

 52,7 

 20 ,0 

 20,0 

CORRELATION 

Fer ra l 

q"(W2) ♦ " 

Fe r re i 

q"(W2) + 

Fer re i 

q"(W2) 

Fe r re i 

q"(W2) 

Fe r re i 

q"(W2) 

Fer re i 

q"(W2)r 

Fer re i 

q" (K2)  r 

Fer re i 

q"(W2) + 

Ferre i 

q"(W?) + 

F e r r e i 

q"(W2) 

AXIAL FLUX 

DISTRIBUTION 

Upward skewed 

asyametrioal aine 

teat section n · 2B 

Upward skewed 

asymmetrical aine 

tea t section n* 28 

Upward akewed 

asyametrioal aine 

teat section n* 2B 

Upward akewed 

asymmetrical aine 

test section n* 2B 

Upwardaakewed 

aaynmetrioal aine 

teat aeot ion n* 2B 

Upward akewed 

asymmetrical aine 

test section n* 2B 

Upward akewed 

asymmetrical sine 

teat section n*2B 

Upward akewed 

asymmetrical aina 

teat aection n* 28 

Upward akewed 

Aaynmetrioal aine 

test sect ion n* 28 

Upward skewed 

Asymmetrical aina 

tea t section n* 28 



TABLE VI ~ ( F o l l o » · ; DNB QUALITY <  15X 

RUN 

N· 

185(181264) 

115(171264) 

92(171264) 

71(171264) 

85(171264) 

57(171264) 

66(2112641 

55(211264) 

137(181264) 

74(181264) 

RESSU« 

ata 

131,7 

131,3 

131,3 

130,3 

131,3 

132,3 

131,3 

131,3 

131,3 

131,3 

IASS FLOW 

RATE 
2 

g/cm sec 

229,4 

223,5 

224,4 

232,5 

233,0 

232,8 

311,9 

312,0 

301,4 

304,3 

INLET Sl'B

COOLING 

•C 

95,3 

143,8 

147,2 

199,9 

203,2 

259,1 

102,0 

102,3 

143,8 

150,0 

EXIT 

QUALITY 

Χ 

 8,3 

16,7 

 18,0 

 26,8 

 2 6 , 3 

 37,8 

 11.3 

 11,3 

 20,5 

 21,0 

»BFIELD 

(Z/L) 

MEASURED 

0,79  0,85 

0,79  0,82 

β,79  0,82 

0,79  0,82 

0,79  0,82 

0,79  0,82 

0.79  0.B2 

0,79  0,82 

0,79  0,82 

0,79  0.82 

(Z/DDNB 

fRoDICTED 

0,71 

0,70 

0,71 

0,70 

0,72 

0,70 

0.72 

0,70 

0,72 

0,70 

0,72 

0,70 

0,71 

0,70 

0,71 

0,70 

0.72 

0,70 

0.72 

0,70 

P^rOICTED 

q" DNB 
2 

W/cm 

360,81 

457,27 

452,81 

581,19 

460,22 

594,12 

559.29 

745,01 

561,25 

756,06 

604,71 

910,38 

450,92 

551,e2 

451,84 

552,71 

541,30 

060,07 

559,35 

703,97 

MEASURED 

q" DNB 
2 

W/cm 

395,57 

400,08 

497,19 

5C2.57 

499,15 

502,96 

635,62 

642,50 

635,62 

542,50 

760,39 

758,64 

53ε,50 

538,02 

540,59 

540,02 

J 1 J , 1 3 

522,80 

>35,o2 

642,50 

R 
DNB 

0,91 

1,14 

0.91 

1,15 

0.92 

1,17 

0,88 

1.16 

0,88 

1,18 

0,79 

1,18 

0.84 

1.02 

0,83 

1,02 

0,88 

1.09 

0,88 

1,09 

DN8 

QUALITY 

X 

 18,9 

 18,9 

 30,8 

 30,8 

 32,1 

 32,0 

 43,6 

 43.0 

 45,3 

 45,0 

 57,7 

 57,0 

 22.9 

 22.9 

 22,9 

 22,9 

 33.5 

 33,0 

 35,8 

 35,0 

IRRELATI ON 

Ferral 

q"(W2) 

Ferral 

q" (W2) 

Ferra l 

q" (W2) 

6erre l 

q" (W2)
 r 

Ferrei 

q"(W2)
 + 

Ferre i 

q"(W2) ■»" 

Ferrei 

q"(W_2) 

Ferrei 

q"(W2) 

Ferrei 

q"(W2) 

Ferrei 

q"(W2) 

AXIAL FLUX 

OISTRIBUTION 

Upward skewed 

asymmetrical sina 

tast section η* 28 

Upward skewed 

asymmetrical sine 

test section η* 28 

Upwsrd skewed 

•symmetrical sine 

test section η* 2B 

Upward skewed 

asymmetrical sine 

test section n' 28 

Upward skewed 

asymmetrical sine 

test section n' 28 

Upward skewed 

asymmetrical sine 

test section η' 2B 

Upward skewed 

asymmetrical sine 

test saction η* 2B 

Upward skewed 

asymmetrical aine 

test section n* 2B 

Upward skewed 

asymmetrical sine 

test section n° 28 

Upward skewed 

asymmetrical aine 

test section n· 28 



TABLE VI (folIowa) DN8 QUALITY <  15X 

DUN 

3 1 ( 1 8  1 2  6 4 ) 

4 9 ( 1 8  1 1  6 4 ) 

1 1 6 ( 2 4  3  6 5 ) 

6 9 ( 2 5  3  6 5 ) 

9 2 ( 2 4  3  6 5 ) 

1 4 ( 2 3  3  6 5 ) 

8 3 ( 2 5  3  6 5 ) 

5 7 ( 2 4  3  0 5 ) 

1 1 6 ( 2 4  3  6 5 ) 

3 3 ( 2 5  3  6 5 ) 

PRESSURE 

• t a 

1 3 0 , 7 

1 3 1 , 3 

1 3 1 , 4 

132 ,4 

1 3 1 , 7 

1 3 0 , 3 

1 3 2 . 4 

1 3 1 , 2 

130 ,3 

1 3 1 , 7 

MASS FLO) 

Τ 
g/oa see 

3 1 6 . 5 

3 1 7 , 3 

9 6 , 5 

9 4 . 4 

1 8 2 , 1 

1 8 2 , 2 

1 8 2 . 0 

3 1 2 , 1 

3 1 1 , 6 

3 1 1 , 6 

INLET SUB

COOLING 

•c 

2 0 1 , 6 

2 0 5 , 3 

2 0 1 , 9 

2 4 1 , 3 

1 4 7 , 3 

1 9 5 , 2 

2 4 8 . 6 

9 6 , 9 

146 .5 

1 9 1 , 9 

EXIT 

QUALITY 

X 

 3 1 , 5 

 3 3 . 6 

 2 . 1 

 0 , 0 2 

 8 . 9 

 1 7 . 3 

 2 4 . 7 

 7 . 2 

 1 8 . 4 

 2 7 . 3 

B N 8 J I E L 0 

( Z / L ) 

MEASURED 

0 , 7 »  0 . « 

0 , 7 9  0 , 8 2 

0 , 3 0  0 , 9 9 

« , 5 8  0 . 6 9 

0 , 9 8  0 , 6 4 

0 . 5 2  0 , 5 8 

0 . 5 0  0 . 6 2 

0 ,36  0 , 5 4 

0 , 5 2  0 , 5 9 

0 . 5 2  B.SO 

( Z / D 0 N 8 

»REOfCTED 

0 , 7 1 

0 , 7 0 

0 , 7 2 

0 , 7 0 

0 , 4 1 

0 , 5 0 

0 . 4 1 

0 . S 0 

0 , 5 0 

0 , 5 0 

0 . 4 1 

0 , 3 0 

0 . 4 2 

0 . 5 0 

0 , 4 1 

0 , 5 0 

0 . 4 1 

0 , 3 0 

0 , 4 1 

0 . 5 0 

PREDICTED 

q" DNB 

Ø/em' 

6 8 2 , 9 » 

8 8 4 , 9 3 

6 8 7 , 4 7 

9 0 4 , 6 0 

4 5 6 , 4 4 

5 2 6 , 4 5 

4 7 6 , 3 7 

5 6 9 , 7 3 

5 1 3 , 5 6 

5 7 2 . 7 3 

6 7 7 , 6 6 

6 8 4 , 9 7 

7 2 1 . 5 6 

8 1 5 . 2 0 

568 ,7B 

5 6 6 , 9 5 

7 8 8 , 6 5 

7 4 5 , 0 8 

9 3 6 , 1 6 

9 0 3 . 4 2 

MEASURED 

q" ONB 

»//OB 

8 0 5 , 2 4 

8 1 3 , 9 6 

7 9 9 , 4 0 

8 0 8 , 0 5 

3 8 4 , 7 2 

3 2 7 , 8 0 

4 5 1 , 8 1 

3 8 4 , 9 5 

4 2 8 , 3 7 

4 2 8 . 3 7 

5 7 0 , 8 6 

4 8 6 , 4 9 

6 6 9 . 3 9 

5 8 0 , 6 3 

5 7 0 , 1 7 

485 ,62 

6 8 8 , 5 4 

566*66 

8 1 5 , 5 8 

6 9 4 . 9 4 

DNB 

0 . 8 5 

1.ÖB 

0 , 8 6 

1 .12 

1 ,18 

1 . 6 0 

1 .05 

1 .48 

1 .20 

1 .33 

1 ,18 

1 .40 

1 . 0 9 

1 . 4 0 

1.03 

1 .16 

1 .14 

1 .27 

1.14 

1 .30 

DNB 

QUALITY 

X 

 4 7 . 3 

 4 7 , 0 

 4 9 , 2 

 4 9 , 0 

 4 2 , 0 



 4 7 , 7 

 2 9 , 3 

 2 9 . 3 

 4 8 , 7 

_ 

 5 0 , 1 

_ 

 2 5 , 5 

_ 

 4 0 , 8 



 » 3 . 7 

CORRELATION 

F e r r a l 

q"(W2) + 

F e r r e i 

q" (W2)
 + 

F e r r e i 

q " ( a V 2 ) 1 

F e r r e l 

q " ( W  2 )
+

' 

F e r r e i 

q" (W2 ) 

F e r r e i 

q " ( W  2 )
 + 

Ferrei 

q  l W  2 ) ■*■ 

F e r r e i 

q" ( 4  2 ) 

F e r r a l 

q" (W2 ) 

F e r r e i 

α " ( W  2 I
+ 

AXIAL FLUX 

DISTRIBUTION 

Upward akewed 

a a y a æ t r i o a l a i n e 

t e a t s e c t i o n η* 28 

Upward skewed 

• s y m m e t r i c a l s i n a 

t a s t s a c t i o n η* 2β 

Down akewed 

a a y a a a t r i c a l a i n e 

t e a t s e c t i o n n* 2C 

Down skewed 

a a y a m e t r i o a l e i n e 

t e s t s e c t i o n n* 2C 

Down akewed 

a a y a a a t r i c a l a i n e 

t e a t s e c t i o n n* 2C 

Down skewed 

asymmetr ica l a i n e 

t e a t s a e o t i o n n* 2C 

Down Skewed 

a a y a m e t r i o a l a i n e 

t e a t s e o t l o n n* 2C 

Down shewed 

e a y a a e t r i c e l a l n e 

t e a t » a c t i o n η · 2C 

Down skewed 

a a y a a a t r i c a l a i n e 

t e e t s e c t i o n η · 2C 

Down akewed 

• s y m m e t r i c a l a i n e 

t e a t «met ían m» >C 



TABLE VI I 15X<DNB QUALI TY < ♦ 15» 

RUN 

Ν · 

1 7 9 ( 6  1 0  6 4 ) 

8 9 ( 2 5  9  6 4 ) 

7 4 ( 2 5  9  6 4 ) 

6 3 ( 2 5  9  6 4 ) 

5 2 ( 2 5  9  6 4 ) 

PRESSURE 

a t a 

1 2 9 , 7 

1 2 6 , 2 

1 2 8 , 2 

12 3,2 

1 2 6 , 2 

MASS FLOW 

RATE 
2 

g /cm aec 

1 5 5 , 8 

154 ,3 

1 5 5 , 6 

1 5 7 , 8 

1 5 6 , 0 

INLET SUBCOG 

L IN6 

• C 

1 0 , 1 

1 1 . 9 

1 5 , 7 

2 5 , 0 

3 3 . 4 

EXIT 

QUALITY 

X 

β . ο 

7 . 7 

7 , 0 

4 , 9 

2 , 9 

DNBFIELD 

(ZA) 

MEASURED 

0 , 7 7  1 

0 , 8 4  1 

0 , 8 4  1 

0 , 6 4  1 

0 , 7 7  1 

( Z / D D N B 

PREOICTED 

0 , 6 2 

0 , 5 5 

1 

1 

0 , 6 2 

0 . 5 5 

1 

1 

0 , 6 2 

0 , 5 5 

1 

1 

0 , 6 2 

0 . 5 5 

1 

1 

0 .63 

0 . 5 5 

1 

1 

q " 
DNB,EU 

N / o a » 

1 5 4 , 5 6 







1 5 9 , 9 7 







1 6 2 , 8 5 



_ 



1 7 9 , 2 2 

_ 





1 9 0 , 4 9 

_ 

_ 

_, 

F 

1 ,02 







1.01 







1 ,02 



_ 



1 ,01 

_ 





1.02 

_ 

_ 

_ 

PREDI CTED 

q" 

DNB 

* / o a 
151^77 

2 1 7 , 7 5 

64316 

8 4 , 1 2 

157 ,90 

2 2 4 , 3 1 

65939 

9 2 . 3 1 

159 ,81 

2 2 9 , 3 3 

59713 

9 5 , 0 9 

176 ,96 

2 5 1 . 1 6 

52156 

112 ,10 

186 .25 

2 6 6 . 6 1 

42703 

124 .77 

MEASURED 

q " 
DNB 

w * ♦ 

1 2 1 , 9 9 

1 3 4 , 2 2 

31015 

8 0 , 5 3 

1 3 4 , 8 4 

1 4 8 , 3 5 

3370B 

8 9 , 0 1 

1 4 0 , 1 9 

1 5 4 , 2 4 

29952 

9 2 . 5 4 

1 6 4 , 8 1 

1 8 1 . 3 2 

20247 

1 0 8 . 7 9 

1 7 5 . 4 1 

196 .96 

12995 

1 1 9 . 3 5 

R 

ONB 

1.24 

1 .52 

2 . 0 7 

1.04 

1,15 

1 , 5 1 

1,95 

1 .03 

1.14 

1 .48 

1 .99 

1 .03 

1,07 

1.36 

2 . 5 7 

1 .03 

1 .06 

1 .33 

3 , 2 6 

1.04 

DNB 

QUALITY 

X 

3 , 3 

1 ,8 

β.ο 

8.0 

3 , 5 

1 .8 

7 . 7 

7 , 7 

0 . 7 

0 . 3 

7 . 0 

7 . 0 

 0 . 5 

 2 . 5 

4 . 9 

4 . 9 

 2 , 5 

 5 , 2 

2 , 9 

2 . 9 

CORRELATION 

W3 8 

F e r r e i 

CISE 

A H ( F I A T ) 

W3 Β 

F e r r e i 

CISE 

Δ Η ( F I A T ) 

W3 Β 

F e r r e i 

CISE 

ΔΗ ( F U T ) 

W3 Β 

F e r r e i 

CISE 

Δ Η ( F I A T ) 

W3 Β 

F a r r a l 

CISE 

A M ( F I A T ) 

AXIAL FLUX 

DISTRIBUTION 

Symmetr ica l 

rosine 

t e s t  s e c t i o n 

η · 2 

Symmetr ica l 

Co» i ne 

T e e t  S e c t i o n 

Ν · 2 

Symreetri c«1 

Co · i ne 

T e a t  S e c t i o n 

Ν · 2 

Syame t r i c a l 

Cosine 

Teat S a c t i o n 

Ν · 2 

Symmetr ica l 

kasin· 

Tm» t—Saet ía« 

Ν · 2 

I 

♦ CISE Correlation (W) 

For Fer re i '» Correlation the data are out of Range For equivalent diameter and lenght 

O Data obtained with in le t enthalpy out of renge. 



TABLE VI I (folIowa) 156KDNB QUALITY<, 15« 

*JN 

Ν· 

135(71064) 

42(25964) 

112(71064) 

8(25964) 

99(71054) 

83(71064) 

PRESSURE 

au 

127,2 

126.2 

126,2 

126,2 

126,2 

126,2 

MASS FLOW 

RATE 
2 

g /ca aec 

153,0 

155,3 

152,4 

155,0 

153,7 

153,8 

INLET SU8C0Ç 

LING 

•C 

37.2 

43.0 

46,0 

63,0 

66,0 

66,2 

EXIT 

QUALITY 

Χ 

2.8 

0,9 

1,8 

 4 , 0 

 3 . 0 

 2 , 9 

DNBFIELO 

( l / L ) 

MEASURED 

0,72  1 

0,680,77 

0,630,77 

0,660,7 

0,610,63 

0,650,72 

0,630,66 

(
"

L l
D N B 

PREOICTEC 

0,62 

0.55 

1 

1 

0,63 

0,55 



1 

0,63 

0,55 



1 

0,73 

0,55 





0,70 

0,55 

. 

. 

0,66 

0,55 

1" 
DNO.EU 

2 
W/cm 

194,06 







205,91 







205,03 







225,77 







230.05 

_ 

„ 

, 

232,21 

_ 

_ 

F 

1.01 







1,01 



_ 



1,00 







1,02 







1.02 

β 

— 

_ 

1,02 

_ 

. 

PREOICTED 

q" 
DNB 

2 
•Vem 

191,93 

270,56 

40505 

128,61 

204,16 

286,22 

_ 

138,84 

205,03 

289,99 



142,71 

221,47 

329,65 





226.50 

334.92 

_ 

„ 

228,43 

335.45 

MEASURED 

q" 
DNB 

2 
sVom 

193,70 

213,11 

12557 

127,85 

194,09 

220,17 

_ 

132,10 

209,66 

237,84 



142,70 

163,21 

255,5 





208.10 

275.51 

— 

218.46 

277.87 

R 
ONB 

0,89 

1.27 

3.23 

1.01 

1,05 

1.3 

_ 

1,05 

0,96 

1,22 



0,99 

1.35 

1.29 





1,06 

1,22 

1.03 

1.21 

ONB 

QUALITY 

X 

3 ,5 

 5 , 9 

2.6 

2,8 

 5 , 3 

 6 , 3 

_ 

0,9 

 5 , 0 

 8 , 3 



1.8 

 7 , 9 

14 ,9 





6 .7 

14 ,8 

 9 , 2 

14,2 

CORRELATION 

W  3 Β 

Ferrei 

CISE 

A H ( F I A T ) 

W  3 β 

Ferre i 

CISE 

A H ( F I A T ) 

W  3 Β 

Ferrei 

CISE 

AH(FIAT) 

W 3 8 

Ferrei 

CISE 

AH(FIAT) 

W  3 Β 

Ferrei 

CISE 

¿H(FIAT) 

W  3 Β 

Ferrei 

CISE 

A H ( F I A T ) 

AXIAL FLUX 

DISTRIBUTION 

Symmetrical 

Coa i ne 

TestSection 

Ν· 2 

Symmetrical 

Ooaine 

TestSection 

N· 2 

Symmetr ica l 

Cosine 

TestSecties 

Ν· 2 

Syaaetrioal 

Cosina 

TestSeotio« 

Ν· 2 

Symmetr iaal 

Cosina 

TastSection 

Ν· 2 

Symmetrical 

Cosine 

Ia»t äactioe 

Ν* 2 



TABLE V I I (Fo l lows) .15X < D N B QUALI T Y < ♦ 15X 

RUN 

N · 

159(8106») 

149(81064) 

158(81064) 

103(26964) 

117(71064) 

130(71064) 

PRESSURE 

sta 

126,2 

125,2 

126,2 

125,2 

126,2 

126,2 

MASS FLOW 

RATE 
2 

g /cm sec 

196,7 

195,0 

195,3 

196,9 

195,9 

196,4 

fNLET SUBCOÇ 

LIHG 

•C 

15,6 

25,0 

33,9 

39,0 

48,0 

49,0 

EXIT 

QUALI'TY 

X 

5,6 

3.1 

1.4 

0 ,4 

2 ,0 

 2 , 5 

DNBFIEID 

(Z/L) 

MEASURED 

0,72  1 

0,77  1 

0,72  1 

0,72  0,77 

0,72  0,64 

0,65  0,84 

(Z/L) 
ONB 

PREDICTEt 

0,63 

0,55 

1 

1 

0,υ5 

0,55 

1 

1 

0,65 

0,55 


1 

0,66 

0,55 





0,66 

0,55 





0,69 

0,55 





q" 
DNB.EU 

2 
■Voa 

174,03 







166,96 







202,81 







213,32 







226,54 

— 





227,56 



_ 

_ 

F 

1.01 







1,03 







1,02 







1,02 







1,01 







1,04 



PREDICTEO 

q" 
DNB 

2 
W/cm 

172,76 

278,34 

57694 

94,06 

182;76 

278,19 

45379 

112,29 

199,13 

296,55 



125,26 

209,79 

310,23 





223,16 

331,96 





218,90 

334,95 



MEASURED 

q" 
DNB 

2 
V e a 

152 ,95 

164,95 

27551 

110,91 

177,51 

208,40 

15522 

125,04 

199,16 

233,12 



139,87 

196,93 

240,19 





211,05 

266,45 





201,59 

258,45 

_ 

R 
ONB 

1,06 

1,40 

2,09 

0,65 

1,03 

1.31 

2,75 

o.to 

1,00 

1,27 



0,91 

1,05 

1,29 





1,06 

1,23 





1,06 

1,25 

_ 

DNB 

QUALI TY 

X 

1,3 

 0 . 6 

5,5 

5.5 

 1 , 2 

 3 , 8 

3.1 

3.1 

 3 . 3 

6 ,3 



1.4 

 4 . 9 

 6 , 3 





 6 ,7 

10 ,9 

_ 



 6 . 8 

12.4 

CORRELATION 

W  3B 

Ferrei 

CISE 

AH(FIAT) 

W  3B 

Ferral 

CISE 

AH(FIAT) 

«  3B 

Ferrei 

CISE 

ÄH(FIAT) 

W  3B 

Ferrei 

C1 St 

AH(F IAT) 

W  3B 

Ferrei 

CISE 

AH(FIAT) 

W  5B 

Ferrei 

CISE 

AH(FIAT) 

AXIAL FLUX 

DISTRIBUTION 

Symmetrical 

Coa i ne 

TestSection 

Ν· 2 

Symmetrical 

Coa i ne 

TestSection 

Ν· 2 

Symmetrical 

Cosine 

TestSection 

Ν· 2 

Symmetrical 

Cosine 

TestSection 

N· 2 

Symmetrical 

Cosine 

Test Section 

N· 2 

Symmetrical 

Cosine 

TestSection 

N· 2 



TABLE VII (follóme) 15X«;0NB «JAL I TY. 15X 

PAIN 

Ν · 

8 7 ( 2 8  9  6 4 ) 

9 5 ( 1 7  2  6 5 ) 

21 Τ( 1 6  2  6 5 ) 

1 6 0 ( 1 6  2  6 5 ) 

6 9 ( 1 6  2  6 5 ) 

4 0 ( 1 7  2  6 5 ) 

»»ESSURE 

ata 

1 2 6 , 2 

140 ,7 

139 ,7 

141 ,7 

139 ,7 

141 ,2 

MASS FLOV 

RATE 
2 

g / c a sec 

197,4 

9 6 , 1 

9 8 , 1 

9 5 . 6 

9 5 , 8 

142,4 

I N L E T SUBCOC 

LING 

•c 

5 1 , 0 

4 . 2 

8 , 6 

2 4 . 1 

4 5 , 7 

» . 5 

EXIT 

QUALITY 

X 

 3 , 3 

18 ,4 

17 ,2 

1 1 , 9 

7 , 2 

1 2 , 9 

ONBFIELO 

( Z / L ) 

MEASURED 

0 , 7 2  0 ,77 

0 , 9 6  1 

0 , 6 6  0 , 9 2 

0 , 6 6  0 , 6 4 

0 ,58  0 ,84 

0 ,56  0 , 7 5 

0 ,69  0 , 9 

( Z / L ) 
DNB 

PREDI CTEI 

0 ,72 

0 , 5 5 





0 , 6 3 

0 , 5 5 

1 

1 

0 , 6 2 

0 , 5 5 

1 

1 

0 , 6 0 

0 , 5 5 

1 

1 

0 , 5 9 

0 , 5 5 

1 

1 

0 , 6 2 

0 , 5 5 

1 

1 

q" 
DNB.EU 

2 
W/ca 

2 2 9 , 0 1 







112,55 







118,31 







139,33 







170,89 






125,13 

_ 

_ 



F 

1,02 







1,05 







1,03 







1.03 







1,02 






1,02 

PREDI CTED 

q" 
0N8 

2 
W/cm 

223 ,84 

340 ,88 



— 

107 ,06 

160 ,96 

64955 

7 1 , 3 5 

114 ,35 

165 ,36 

56606 

7 6 , 8 6 

135,14 

182 ,49 

46420 

9 0 , 1 3 

168,10 

2 1 3 , 7 6 

42021 

112,75 

122 ,43 

187 ,41 

62599 

60 ,95 

MEASURED 

q" 
DNB 

2 
W/cm 

183 ,31 

2 7 0 , 6 1 





104 ,63 

118 ,92 

46621 

7 1 , 3 5 

116 ,65 

128 ,34 

40861 

7 7 , 0 0 

139 ,62 

149 ,53 

29062 

8 9 , 7 2 

175 ,54 

163 ,6» 

18927 

110 ,20 

115 ,56 

127 ,16 

42742 

7 6 , 2 9 

R 
DNB 

1,22 

1,25 





1.02 

1,35 

1,39 

1,00 

0 ,96 

1,29 

1,39 

0 , 9 9 

0 ,97 

1,22 

1,67 

1,01 

0 , 9 6 

1,16 

2 , 2 2 

1,02 

1,06 

1,47 

1,46 

0 , 8 0 

DNB 

QUALITY 

X 

 6 , 9 

 1 2 , 2 7 





11 .5 

8 , 7 

18,4 

1 8 , 4 

10,3 

7 . 7 

17 ,2 

17 ,2 

4 , 0 

1,64 

1 1 , 9 

1 1 , 9 

 3 , 4 

 5 , 6 

7 . 2 

7 , 2 

7 . 4 

5 ,7 

1 2 , 9 

12 ,9 

CORRELATION 

W  38 

P e r r e l 

CISE 

¿ H ( F I A T ) 

W  3B 

F e r r e i 

CISE 

S ((FIAT)) 

W  3B 

F e r r e i 

CISE 

¿ H ( F I A T ) 

W  3B 

F e r r e i 

CISE 

ΔΗ(Ρ |ΑΤ) 

W  3 8 

F e r r e i 

LISE 

ΔΗ (FIAT) 

W  38 

F e r r e i 

CISE 

ÛH(F IAT) 

AXIAL FLUX 

DISTRIBUTION 

Symmetrioal 

Cosine 

Test S e t i o n 

Ν· 2 

Symmetr ical 

Cosine 

T e s t  S e c t i o n 

Ν· 2 

Symmetrical 

Cosine 

Teat S a a t i o n 

Ν · 2 

Symmetrical 

Cosine 

T e s t  S e c t i o n 

Ν · 2 

S y a a a t r l ç a l 

Co·1me 

Teat S a c t i o n 

Ν · 2 

Syantetr ioal 

Co· ί ne 

Test S e c t i o n 

Ν· 2 



TABLE VI I  (Foeloww)  15JSCÛNB a u A H T V < * 1S¿ 

RUN 

N° 

1 8 8 ( 1 6  2  6 5 ) 

1 4 1 ( 1 6  2  6 5 ) 

1 2 o ( 1 6  2  6 5 ) 

9 8 ( 1 6  2  5 5 ) 

1 2 4 ( 2 3  1 2  6 4 ) 

1 3 2 ( 2 9  1 2  6 4 

PRESSURE 

s t s 

141 ,7 

141,7 

143 ,0 

139 ,0 

1 3 t , 3 

131 ,7 

MASS FLUI 

RATE 
2 

g /cm sei 

142 .9 

142 ,6 

139,8 

140,7 

8 J , 5 

6 6 . J 

INLET SUBCO 

LING 

°C 

1 2 . 1 

2 6 , 5 

4 5 , 5 

4 ß , 6 

6 1 , 7 

6 2 , 4 

) EXIT 

Q U A L I T Y 

% 

18,3 

6 , 3 

1.4 

1,4 

2 0 , 2 

19 ,6 

ONBFIELD 

( Z / L ) 

MEASURED 

0 ,56  0 , 9 2 

0.S6  0 , 8 0 

0 , 6 2  0 , 7 5 

0 , 5 6  0 ,75 

0 , 8 0  0 , 88 

0 , 6  0 , 9 

( Z / D D N B 

PR OICTE 

0 , 6 2 

0 ,55 

1 

1 

0 , 6 0 

0 , 5 5 

1 

1 

0 , 6 2 

0 , 5 5 


1 

0 , 6 2 

0 ,55 


1 

0 , 6 1 

0 , 7 1 

1 

1 

0 . 8 1 

0 , 7 1 

1 

1 

q" 
ONB EO 

. 
2 

V c m 

136,2b 







159,47 







186,65 







191,55 







169,47 







170,36 







F 

1,03 







1,02 







1,02 







1,02 







1,02 







1.02 







PREDICTED 

q" 
ONB 

2 
W/cm 

132,15 

199,31 

55365 

7 3 , 6 0 

156,15 

2 2 1 , 7 5 

45595 

9 4 , 7 1 

182,45 

251 ,07 


119,08 

187,54 

259 ,08 



124,52 

166,33 

181,93 

26143 

134,84 

1 6 , , 5 3 

182 ,26 

26014 

134 .42 

MEASURED 

q" 
ONB 

2 
W/cm 

138,05 

151,86 

37936 

9 1 , 1 3 

174 ,80 

167,21 

24308 

112 ,32 

203 ,33 

223 ,71 


134,22 

206 ,54 

227 ,24 


136,34 

162,07 

209 ,13 

21290 

122 ,90 

162,07 

2 0 9 , 1 3 

21291 

1 2 2 , 9 0 

R 

DNB 

0 ,96 

1.31 

1,46 

0 , 8 1 

0 ,69 

1,18 

1,67 

0 ,84 

0 , 9 0 

1.12 


0 . 8 9 

0 ,91 

1,14 



0 ,91 

0 ,91 

0 ,87 

1,22 

1,09 

0 , 9 1 

o,e7 

1.22 

1,09 

DNB 

QUAL ITY 

* 

4 . 8 

2 , 6 

10 ,3 

1 0 , 3 

 0 , 1 

 2 . 1 

6 ,3 

5 , 3 

 5 , 9 

 9 , 1 



1.4 

 6 , 1 

 9 , 2 



1.1 

13 ,1 

<.s 

2 0 , 2 

2 0 , 2 

2 , 8 

4 . 1 

19 ,6 

1 9 , 6 

LIK BELATI uN 

W  3B 

F e r r e i 

CISE 

AH(F IAT) 

W  3B 

F e r r e i 

CISE 

A H ( F I A T ) 

W  3B 

F e r r e i 

CISE 

AH(F IAT) 

W  3B 

F e r r e i 

CISE 

ÄH (F U T ) 

W  3B 

F e r r e i 

CISE 

Δ Η ( Π Α Τ ) 

W  3B 

F e r r e i 

CISE 

A H I F I A T ) 

AXIAL FLUX 

'JISTRIBUTIUN 

Symmetr ical 

Cosine 

Test S e c t i o n 

Ν· 2 

Symmetr ical 

Cosina 

T e s t  S e c t i o n 

Ν · 2 

Symmetr ical 

Cosine 

Test Sec t ion 

N· 2 

Symmetri c a l 

Cosine 

Sest S e c t i o n 

Ν · 2 

UPWARD Skewed 

asymmetr ical 

s ine t e s t 

s e c t i o n Ν · 2B 

Upward skewed 

• s y m m e t r i c a l 

s ine t e s t sec 

t i o n N· 2 Β 



TABLE V I I  ( F o l l o w s ) 15X < DNB QUALITY < ♦ 15X 

RUN 

N · 

41(221254) 

57(221264) 

172(181254) 

159(181264) 

115(291264) 

105(291264) 

PRESSURE 

ata 

131.3 

131,7 

131,7 

133,0 

132,3 

132,3 

«SS FLOW 

RATE 
2 

g /cm se 

94.0 

94,3 

95,2 

95.0 

98,7 

98,8 

INLET SUBCOC 

LING 

•C 

60.0 

61,8 

105,6 

109.5 

60,6 

60.9 

EXIT 

QUALITY 

X 

18.1 

17,5 

10.1 

B.2 

15,4 

15,2 

ONBFI ELD 

(Z/L) 

MEASURED 

0.80,88 

0,800,88 

0,800,85 

0,730,85 

0,800,90 

0,800,90 

(Z/DDNB 

PREDICTED 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 

4 

1 

0,81 

0,71 

1 

1 

0,61 

0,71 

1 

1 

0,81 

0,71 

1 

1 

q" 
DNB.EU 

2 
/cm 

174.51 







176,67 







231,09 







239,24 







181,98 







182,72 







8 

1,02 







1,02 







1,03 







1.04 







1,03 







1.03 







PREDICTED 

q" 
DNB 

2 
/cm 

170,35 

187,85 

26121 

138,66 

172,69 

189,59 

25016 

139,18 

223.23 

236,81 

19621 

172,87 

230,98 

239,69 

17998 

175,19 

177,11 

192,01 

25503 

141,42 

177,54 

192,39 

25507 

140,91 

MEASURED 

q" 
DNB 

2 
/cm 

187,22 

215,05 

20852 

126,42 

189,94 

217,02 

20731 

127.53 

233,59 

268,32 

10844 

157,68 

233,59 

268,32 

8854 

157 68 

187,12 

215,05 

19189 

126,38 

167,22 

215,05 

19060 

125,38 

R 
DNB 

0,91 

0,87 

1,25 

1,09 

0,91 

0,87 

1,25 

1,09 

0,95 

0,88 

1,81 

1.09 

0,99 

0.89 

2.03 

1.11 

0,95 

0,89 

1.33 

1.12 

0,95 

0.89 

1.33 

1.11 

DNB 

QUALITY 

X 

11,5 

3.4 

18,1 

18,1 

11 

2.7 

17,5 

17.5 

1.4 

 8 , 6 

10,1 

10,1 

0 .5 

 0 . 1 

8.2 

8.2 

9.3 

ï . * 

15,4 

16,4 

9,1 

1.3 

16.2 

15.2 

CORRELATION 

W  3B 

Ferrei 

CISE 

ÛH(FIAT) 

W  38 

Ferrei 

CISE 

ΔΗ(ΡΙΑΤ) 

Ν  38 

Ferrei 

CISE 

ΔΗ(ΡΙΑΤ) 

W  3B 

Ferrei 

CISE 

ΔΗ(ΡΙΑΤ) 

W  3B 

Ferrei 

CISE 

ÛH(FIAT) 

W  38 

Ferral 

CISE 

AH(FIAT) 

AXIAL FLUX 

DISTRIBUTION 

Upward skewed 

asymmetrical 

sine test 

sect i en Ν* 28 

Upwsrd skewed 

asymmetrical 

sina teat 

section Ν* 2B 

Upward skewed 

asymmetrical 

aina taat 

Section N* 28 

Upward akewed 

aayametrioal 

aine taat 

Sectios Ν* 2B 

Upward skewed 

aaymmetrlcal 

sine test 

section N* 28 

Upwsrd skewed 

asymmetrical 

SINE TEST 

Section η· 2Θ 



TABLE VII  (Follows)  15« < ONB QUALI TY < ♦ 15« 

RUN 

Ν · 

9 5 ( 2 3  1 2  6 4 ) 

8 3 ( 2 3  1 2  5 4 ) 

5 9 ( 2 9  1 2  5 4 ) 

7 4 ( 2 3  1 2  6 4 ) 

6 4 ( 1 1  1 2  6 4 ) 

4 8 ( 1 1  1 2  6 4 ) 

PRESSURE 

a t a 

132 ,3 

131,3 

131 ,3 

1 3 1 , 3 

131 ,7 

131 ,7 

MASS FLO 

RATE 
2 

g /am sac 

113 ,5 

113 ,8 

126 ,4 

126 ,6 

142 ,6 

1 3 9 , 2 

I INLET SUB

COOLING 

•C 

5 8 , 5 

5 9 , 2 

5 9 , 0 

5 0 , 0 

5 . 9 

8 , 8 

EXIT 

QUALITY 

X 

11 .7 

1 1 , 5 

1 0 , 4 

9 . 9 

1 7 . 4 

1 7 . 2 

ONBFIELD 

( Z / L ) 

MEASURED 

0 , 7 6  0 ,90 

0 , 8 0  0 , 9 0 

0 ,75  0 , 8 8 

0 ,76  0 , 9 0 

0 , 8 2  1 

0 ,84  1 

( Z / D D N B 

PREDI CTE 

0 ,81 

0 , 7 1 

1 

1 

0 , 8 1 

0 ,71 

1 

1 

0 , 8 1 

0 , 7 1 

1 

1 

0 , 8 1 

0 , 7 1 

1 

1 

0 , 8 1 

0 ,71 

1 

1 

0 , 8 1 

0 , 7 1 

1 

1 

Q» 

DNB.EU 
D 2 

/cm 

194 ,33 







197 ,50 







2 0 2 , 5 0 







2 0 5 , 3 5 







144,55 







146 ,44 







F 

1,02 







1,03 







1,03 







1,02 







0 , 9 9 



_ 



0 , 9 9 







PREDICTED 

q" 
DNB 

2 
/cm 

189 ,61 

2 0 3 , 5 4 

24809 

148 ,20 

192 ,08 

2 0 5 , 7 0 

24399 

149 ,81 

197 ,25 

2 1 6 , 4 5 

24553 

157 ,38 

2 0 0 , 7 9 

2 1 7 , 9 8 

23865 

158 ,59 

145 ,72 

161 ,94 

3 7 J 4 0 

101 ,65 

146 ,74 

1 6 3 , 4 5 

36354 

103 ,15 

MEASUREP 

q" 
ONB 

2 
/cm 

194 ,09 

2 2 2 , 9 4 

17101 

131 ,01 

194 ,09 

2 2 2 , 9 4 

15745 

131 ,01 

2 0 9 , 5 5 

2 4 0 , 7 0 

15997 

141 ,45 

2 0 9 , 5 5 

2 4 0 , 7 0 

15574 

1 4 1 , 4 5 

123 .57 

142 ,05 

28604 

8 3 , 4 8 

128 ,82 

147 ,97 

27855 

8 6 , 9 5 

R 
DNB 

0 ,98 

0 , 9 1 

1,45 

1 ,13 

0 , 9 9 

0 , 9 2 

1,55 

1.14 

0 , 9 4 

0 . 9 0 

1.45 

1.11 

0 , 9 6 

0 , 9 0 

1,53 

1.12 

1,18 

1,14 

1.32 

1.22 

1.14 

1,10 

1,30 

1 .19 

DNP 

QUALITY 

X 

5 ,3 

 0 , 7 

1 1 . 7 

1 1 , 7 

5 . 9 

1.1 

1 1 , 5 

1 1 , 5 

5 . 0 

1 .7 

1 0 . 4 

1 0 . 4 

4 . 5 

 2 . 3 

9 , 9 

9 , 9 

1 3 . 5 

1 0 , 1 

1 7 , 4 

1 7 , 4 

1 3 , 4 

9 . 5 

1 7 , 2 

1 7 . 2 

CORRELATION 

W  3B 

F e r r a l 

CISE 

ΔΗ (F IAT) 

W  38 

F e r r a i 

CISE 

Δ Η ( Ρ Ι Α Τ ) 

W  38 

F e r r e i 

CISE 

Δ Η ( Ρ Ι Α Τ ) 

W  38 

F e r r e i 

CISE 

ΔΗΜΜΑΤ) 

W  3Β 

F e r r e i 

CISE 

ΔΗ(Ρ ΙΑΤ) 

W  3Β 

F e r r e i 

CISE 

Δ Η Ι Ρ Ι Α Τ ) 

AXIAL FLUX 

DISTRIBUTION 

Upward akewed 

asymmetr ica l 

a i n e t e s t 

s e c t i o n Ν · 2B 

Upwsrd skewed 

asymmetr ica] 

a i n e t a s t 

» a c t i o n η* 2B 

Upward akewed 

asymmetr ica l 

• i n a t e a t 

s e c t i o n η* 2B 

Upward akawed 

aaymmetr ioa l 

a i n e t e a t 

s e a t i on η* 2β 

Upward skewed 

asymmetr ica l 

s i n e t e s t 

t e o t i o n η* 2B 

Upwsrd skewed 

ssymmetr lcs l 

s i n e t e s t 

s e c t i o n η · 2B 



TABU V I I - (Fo l Iowa) - 15* «ς DNB QUALI TY < ♦ 15* 

RUN 

Ν· 

149(91264/ 

167(101264) 

155(91264) 

36(111264) 

31(111254) 

J 4 ( 7  1 2  5 4 ) 

PRESSURE 

ata 

130,3 

131,3 

131,3 

131,3 

130,3 

129,7 

IASS FLOW 

RATE 
2 

) /cm aac 

141,5 

141,4 

141,6 

143,7 

141,6 

140,4 

INLET SUBCOO 

LING 

•C 

12,9 

13.4 

13,7 

16.1 

18,8 

21.4 

EXIT 

QUALITY 

Χ 

16,1 

15,7 

16,1 

15,0 

14,7 

13,9 

WBFIELD 

(Z/L) 

MEASURED 

0,80  0,99 

0,60  1 

0,80  0,97 

0,80  1 

0,80  0,97 

0,80  0,90 

(Z/DDN8 

PREDICTED 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0.81 

0.71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

q" 
DNB.EU 

2 
/cm 

135,75 







154,27 







152,91 







157,98 





_ 

161,75 







166,01 



_ 



F 

1,00 







1,01 







1,00 







1,00 





_ 

1,01 







1,01 







PREDI CTEO 

q" 
DNB 

2 
/cm 

155,75 

170,27 

35653 

111,80 

153,36 

159,90 

34455 

112,76 

152,91 

170,33 

34777 

111,80 

157,98 

174,25 

34077 

115,37 

160,46 

177,39 

33541 

119,57 

163,8fc 

180,39 

32811 

123,06 

MEASURED 

q" 
DNB 

2 
/ca 

139,13 

159,81 

27292 

93,94 

137,38 

157,84 

26172 

92,75 

140,85 

161,78 

27077 

95,07 

144,25 

165,73 

26057 

97,39 

149,43 

171,¿5 

25343 

100,67 

152,87 

175,59 

24417 

103,22 

R 
DNB 

1,10 

1,06 

1,31 

1,19 

1.12 

1,06 

1.32 

1.19 

1.08 

1.05 

1,28 

1.17 

1,09 

1.05 

1.31 

1,18 

1,07 

1,03 

1.32 

1,18 

1,07 

1,02 

1,34 

1.19 

ΟΝΘ 

QUALITY 

X 

12,5 

8,6 

16,1 

15,1 

12.1 

β.2 

15.7 

15,7 

12,5 

8,4 

16,1 

1..1 

11,5 

7.4 

16,1 

16,1 

11.2 

6.9 

14,7 

14,7 

10,6 

6,2 

13,9 

13,9 

CORRELATION 

W  3B 

Ferrei 

CISE 

ΔΗ(ΡΙΑΤ) 

W  38 

Ferrei 

CISE 

ΔΗ(ΡΙΑΤ) 

W  38 

Ferral 

CISE 

ΔΗ(ΡΙΑΤ) 

W  3B 

Ferrei 

CISE 

AH(FIAT) 

W  3B 

Ferrei 

CISE 

AH(FIAT) 

W  3B 

Ferrei 

CISE 

AH(F|ATJ 

AXIAL FLUX 

DISTRIBUTION 

Upwsrd skewed 

asymmetrical 

s in · tast 

section η* 2Β 

Upward skewed 

asymmetri cel 

sine test 

section η* 28 

Upward skewed 

•symmetrical 

sine test 

section η* 2B 

Upwsrd skewed 

ssymmetricsl 

sine test 

section η* 2B 

Upward skewed 

asymmetr ical 

sine test 

section n*2B 

Upward skewed 

ssymmetricsl 

sine test 

section η* 2B 



TABLE V i l ·  (Fo l lows) 15X<DNB QUAL ΙΤ Y < * 15X 

RUN 

N· 

61(712164) 

56(71264) 

162(1012*64) 

49(71264) 

147(101264) 

135(101264) 

PRESSURE 

at» 

132,3 

133,0 

131,3 

131,3 

131.3 

132,1 

MASS FLO* 

RATE 
2 

1 /cm sac 

140,7 

139,2 

139,0 

140,1 

140,2 

140,0 

INLET SUB

COOLING 

«C 

32,8 

41,1 

43,4 

50,2 

50,7 

54,7 

EXIT 

QUALITY 

X 

10,6 

9,5 

9.9 

7,2 

7,2 

6,5 

DNBFIELD 

(Z/L) 

MEASURED 

0,80  0,90 

0,80  0,90 

0,80  0,94 

0,80  0,90 

β,80  0,93 

0,80  0,93 

(Z/DDNB 

»REDICTED 

0,81 

0.71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0.71 

1 

1 

a" 
DNB.EU 

2 
/cm 

183,37 







193,01 





♦ 

195,32 







211,57 






211,82 







215,54 

^ 



_ 

F 

1.03 







1,03 







1,02 







1,02 






1,02 







1,02 

β 



_ 

PREDICTED 

q" 
DNB 

2 
/cm 

178,77 

192,21 

27576 

134,25 

188,05 

201,79 

25899 

142,88 

190,91 

206,22 

25429 

147,52 

207,39 

215,97 

22749 

155,58 

207,53 

216,78 

22749 

156,36 

211,99 

220.61 

21147 

159,76 

MEASURED 

q» 
DNB 

2 
/cm 

164,89 

189,40 

18093 

11,34 

178,53 

205,19 

17022 

120,58 

187,22 

215,05 

17840 

126,38 

190,65 

218,99 

12359 

128, J9 

192,37 

220,97 

12472 

129,65 

199,24 

228.85 

11052 

134,49 

R 
DNB 

1,08 

1.01 

1.52 

1,20 

1,05 

0.98 

1.52 

1,18 

1,02 

0,96 

1.48 

1,16 

1,09 

0,99 

1,84 

1,20 

1,08 

0,98 

1.82 

1,20 

1,06 

0.96 

1.91 

1,18 

DNB 

QUALITY 

X 

6.9 

2 ,1 

10,6 

10,6 

5,3 

0.1 

9.5 

9,5 

5,5 

0,0 

9.9 

9,9 

2.7 

 2 . 8 

7.2 

7,2 

2.7 

 2 . 8 

7.2 

7.2 

2,0 

 3 , 8 

6,5 

J.5 

CORRELATION 

W  3 8 

Ferrei 

CISE 

ΔΗ(ΡΙΑΤ) 

W  3B 

Ferrei 

CISE 

AH(FIAT) 

W  3B 

Ferrei 

CISE 

ΔΗ(ΠΑΤ) 

W  38 

Ferrei 

CISE 

AH(FIATJ 

W  3B 

Ferrei 

»SE 

ΔΗ(ΡΙΑΤ) 

W  3B 

Ferral 

CISE 

ΔΗ(ΡΙΑΤ) 

AXIAL FLUX 

DISTRIBUTION 

Upward skewed 

asymmetri oal 

•éne teat 

section η* 2B 

Upward skewed 

aayaaatrical 

aina taat 

aeotion n* 28 

Upward akewed 

asymmetrical 

sina tast 

section n* 28 

Upward skewed 

aeymmetrioal 

• i n · test 

section n* 2B 

Upwsrd skewed 

ssymmetricsl 

sine test 

section n* 2B 

Upward skewed 

asymmetrical 

sine test 

section η· 2B 



TABLE V I I (Fo l lows) 15X<0ND QUALITY<* 15X 

RUN 

N · 

48(41264) 

121(101264) 

36(41264) 

107(101264) 

94(101264) 

39(41264) 

'RESSURE 

sts 

130,2 

131,3 

131,3 

132.3 

132,3 

131,3 

MASS FLO« 

RATE 
2 

g /cm sac 

141,3 

141,3 

141,4 

139,2 

142,2 

142,9 

INLET SUBCOC 

LING 

•c 

60,4 

61,3 

61,5 

54,7 

74,9 

77,0 

EXIT 

QUALITY 

X 

4,4 

4,9 

3,5 

3.3 

2.2 

0,6 

DNBFIELD 

(Z/L) 

MEASURED 

0,82  0,90 

0,80  0,93 

0,82  0,90 

0,74  0,93 

0,80  0,93 

0,60  0,90 

(Z/DDNB 

'REDI CTED 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0.81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 





q" 
DNB.EU 

2 
/em 

232,42 

_ 

_ 

_ 

229,83 

_ 

_ 

_. 

235,71 

_ 

_ 

_ 

228,28 

_ 

_* 

β 

251,30 

_ 

. 

— 

262,17 



_ 



F 

1,01 

_ 

_ 

_ 

1,03 

_ 

_ 

_ 

1,01 

„ 

«. 

_ 

1,03 

_ 

_ 

_ 

1,00 

.. 

. 

_ 

1,00 



_ 



PÆDI CTEC 

q" 
DNB 

2 
/cm 

229,09 

232,18 

18837 

169,07 

223,27 

232,07 

19957 

169,11 

233,86 

232,40 

17017 

169,37 

221,89 

233,60 

19740 

170.61 

251,30 

250,56 

14687 

184,05 

262,17 

255,72 

_ 



MEASURED 

q" 
DNB 

2 
Vcm 

202,67 

282;18 

8218 

136,81 

207,83 

238,73. 

8920 

140,29 

200,96 

230,83 

6750 

135,65 

216,42 

248,60 

9628 

146.1 

228.44 

252.40 

4413 

154.25 

225.00 

258,45 

β 



R 
DNB 

1,13 

1.00 

2.3 

1.23 

1.07 

0.97 

2.2 

1.20 

1,16 

1.01 

2.51 

1,25 

1,02 

0,94 

2.0 

1.17 

1.1 

0.95 

3.3 

1.19 

1.16 

0,99 

_ 

_ 

DNB 

QUALITY 

X 

 0.2 

 6.1 

4.4 

4.4 

0.1 

 6 , 0 

4.9 

4.9 

 1 , 0 

 5 . 9 

3.6 

3.5 

0.3 

 6 . 1 

5,3 

5*3 

 3 . 1 

 9 . 7 

2.2 

2.2 

 4 . 5 

11 .1 



CORRELATION 

W  38 

Ferrei 

CISE 

ΔΗ (FIAT) 

W  38 

Ferrei 

CISE 

AHVIAT) 

W  3B 

Ferrei 

CISE 

ΔΗ (FIAT) 

W  3B 

Ferral 

CISE 

ΔΗ (FIAT) 

W  3B 

Ferral 

CISE 

Δ Η (Fl AT) 

W  SB 

Ferrei 

CISE 

¿V* (FIAT) 

AXIAL FLUX 

DISTRIBUTION 

Upward akewed 

asymmetrical 

aina taat 

section N· 28 

Upward akewed 

asymmetrical 

alna teat 

aection n* 2B 

Uopward skewed 

symmetrical 

aina teat 

aection n* 2B 

Upward akewed 

asymmetrical 

aine taat 

section n· 2B 

Upward akawad 

asymmetri cal 

sine test 

section n* 28 

Upward skewed 

symmetrics1 

sine taat 

aeotien n· 2Q 



TABLE V I I  ( F o l l o w s ) 15X<DNB QUALITY < * 1 5 X 

RUN 

N · 

79(71264) 

28171264) 

15(91264) 

140(91254) 

131191264) 

122(912641 

PRESSURE 

ata 

131.3 

130.7 

131,7 

130.3 

131,3 

132.1 

MASS FLOW 

RATE 
2 

9 /cm seo 

142,8 

142,0 

142,9 

136.3 

141.8 

141,4 

INLET SUBCOO 

LING 

•C 

81,0 

82.4 

94,1 

101,8 

111.8 

121.1 

EXIT 

QUALITY 

X 

0 ,08 

0,8 

 2 , 4 

 0 . 5 

 3 , 5 

 5 . 3 

DNBFIELD 

(Z/L) 

MEASURED 

0,80  0,93 

0,82  0,90 

0,79  0,84 

0,79  0.84 

0,8 9  0 , 6 5 

0,7»  0,84 

(Z/DDNB 

PREDICTED 

0,81 

0,71 





0,81 

0,71 





0,81 

0,71 





0.81 

0,71 





0,81 

0,71 

_ 

_ 

0,81 

0,71 





q" 
BN8.EU 

2 
/on 

269,6 







265,47 







291,07 







288.50 



_ 



314,04 

β 

_ 

_ 

328.73 







F 

1,05 







1.01 







1,05 







1.02 



_ 



1,05 

. 



_ 

1,04 







PREDICTED 

q" 
DNB 

2 
/ca 

256,75 

261,63 





253,41 

262,14 





277,21 

279,92 





283.77 

286,94 

_ 



299,08 

3υ5,59 



_ 

316,08 

316,28 





MEASURED 

q" 
DNB 

2 
/ca 

230,16 

264,37 





235,31 

270,29 

: 



249,05 

286,08 





264,52 

303,83 

m 



281,69 

323,56 

— 

» 

293,71 

'337,38 





R 
DNB 

1,11 

0,99 





1.12 

0.97 





1.11 

0,98 





1.07 

0,94 

_ 

_ 

1,06 

0,94 

a» 

• 

1,07 

0,94 





DNB 

QUALITY 

X 

 5,6 

12 ,2 





 4,8 

11 ,5 





 8 ,5 

15 ,6 





 7 , 5 

15 ,4 

_ 

_ 

10 ,8 

18 ,9 



_ 

12 ,8 

21 ,3 





CORRELATION 

W  38 

Ferral 

CISE 

ÛH(FIAT) 

W  38 

Ferrei 

CISE 

ΔΗ(ΡΙΑΤ) 

W  3Β 

Ferrei 

cise 

A H ( F I A T ) 

W  38 

Ferrei 

CISE 

ΔΗ(ΡΙΑΤ) 

W  38 

Ferral 

CISE 

ΔΗ(ΡΙΑΤ) 

W  3B 0 

Eerrei 

CISE 

ΔΗ (FUT) 

AXIAL FLUX 

DISTRIBUTION 

Upward skewed 

asymmetrical 

alna taat 

aection η* 2B 

Upward akewed 

asymmetrical 

sina teat 

saction η* 2B 

Upward skewed 

ssymmetricsl 

sina test 

section n° 2B 

Upward skewed 

asymmetrical 

al ne teat 

section η* 2B 

Upwsrd skawad 

aaymmatrlcal 

slna test 

section n* 28 

Upward skewed 

asymmetrical 

alna taat 

section n* 2B 



TABLE V I I  (Fo l )ows)  15X<DNB QUAL I TY < ♦ 15X 

RUN 

Ν · 

110(81264) 

78(111264) 

77(111264) 

113(111264) 

88(111264) 

89(111264) 

PRESSURE 

sta 

131.3 

130,3 

129,3 

131,3 

131,3 

132,3 

MASS FLO 

RAT: 
2 

3 /ca sec 

142.1 

185,0 

185,9 

179,9 

184,5 

185,5 

I INLET SUB

COOLING 

fC 

132.1 

8.3 

9,0 

51,6 

61,8 

64,2 

EXIT 

QUALITY 

X 

 6 . 1 

13,4 

12,9 

4.3 

1.3 

0,6 

DNBFIELO 

(Z/L) 

MEASURED 

0.79  0.84 

0,86  1 

0,79  1 

0,79  1 

0,73  0,91 

0,79  0,88 

(Z/DDNB 

PREDI CTED 

0.85 

0,72 

_ 

_ 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 



1 

0,81 

0,71 



1 

q" 
DNB.EU 

2 
/cm 

326,15 

β 

_ 

161,78 







165,62 







232,88 







258,76 







262,88 





_ 

F 

1,21 

_ 

_ 

0,99 





* 

0,99 







1.02 







1,01 







0,99 





_ 

PREDICTED 

q" 
DNB 

2 

269.72 

330.03 

— 

_ 

162,43 

184,81 

37955 

113,68 

156,54 

187,04 

37986 

116,15 

228,16 

246,06 

19731 

178,28 

257,11 

266,06 



195,67 

264,22 

269,14 



198,61 

MEASURED 

q"DNB 

Voa 

252,74 

356.81 

— 

m 

140,84 

161,78 

15049 

95,07 

140,84 

161,78 

27914 

95,07 

228,16 

252,40 

10606 

154,20 

245.62 

282.13 



155,60 

250,77 

288,05 



169,17 

R 
DNB 

1,07 

0.92 

1,16 

1,14 

2,52 

1.19 

1,18 

1,16 

1.36 

1,22 

1,00 

0,94 

1,86 

1,15 

1,05 

0,94 



1,18 

1.05 

0,93 



1,14 

DNB 

QUALITY 

11,» 

21.9 

_ 

10,1 

7.1 

13,4 

13,4 

9.7 

6,7 

12.9 

12.9 

0,2 

5 .1 

4,3 

4.3 

 3 . 1 

 8 , 5 



1.3 

 3 , 7 

 9 ,3 



0.6 

CORRELATION 

W  38 o 

Ferral 

CISE 

¿RIFIATI 

W  3B 

Ferrei 

CISE 

ÛH(FIAT) 

W 3B 

Ferrei 

CISE 

A H ( F I A T ) 

W  3B 

Ferrei 

CISE 

A H ( F I A T ) 

W  3B 

Ferral 

CISE 

ΔΗ(ΡΙΑΤ) 

W  3Β 

Γ
errei 

CISE 

A H ( F I A T ) 

AXIAL FLUX 

DISTRIBUTION 

Upward akawad 

ssyaaatrioal 

alna taat 

aection η* 2Β 

Upward akewed 

ssymmetricsl 

sine test 

section η* 2Θ 

Upaaed skewed 

ssymmetricsl 

sine test 

section η* 2B 

Upwsrd skewed 

ssymmetricsl 

sine test 

section η* 28 

Upward skewed 

ssymmetricsl 

sine test 

section η* 2B 

Upward skewed 

•symmetrical 

sine test 

section η* 28 



TABU V I I  (Fo l lows) 15X<DNB QUALITY < ♦ 15X 

RUN 

Ν· 

22(211254) 

13(291264) 

6(231254) 

86(221264) 

99(221264) 

111(211264) 

PRESSURE 

sta 

131.3 

131,3 

131,3 

132,3 

131,3 

130,3 

MASS FLOW 

RATE 
2 

g /om aac 

185,9 

230,1 

230,4 

228,6 

229,0 

231,0 

INLET SUBCOG 

LING 

•C 

105,2 

4.1 

4.4 

7.4 

7.5 

63,5 

. EXIT 

QUALITY 

% 

 6 , 9 

11.8 

11,6 

11,0 

11,0 

 1 . 0 

ONB FIELD 

(Z/L) 

MEASURED 

0,79  0,85 

0,88  1 

0,88  1 

0,85  1 

0,88  1 

0,82  0,68 

(Z/DDNB 

PREDICTEt 

0,81 

0,71 





0.81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 





q" 
DNB.EU 

2 
/cm 

352,23 







166,57 







167,69 







169,92 







172,10 

_ 





290,34 







F 

1.12 







0,98 





_ 

0,98 







0,96 







0,98 

. 

_ 

_ 

0,95 







PREDICTED 

q" 
DNB 

2 
W/cm 

314,49 

344,32 





170,59 

194,96 

40632 

110,54 

171,03 

195,51 

40161 

111,20 

172,99 

198,11 

37637 

115,60 

174,94 

199,59 

38103 

117,40 

304,29 

302,87 





MEASURED 

q" 
DNB 

2 
W/cm 

322,90 

370,91 



_ 

135,59 

155,86 

29670 

91.59 

135,69 

155,86 

29670 

91,59 

145,99 

157,70 

18685 

98,55 

146,00 

167,70 

28408 

98.55 

291,99 

335,39 





R 
ONB 

0,97 

0,93 



_ 

1,26 

1,25 

1,37 

1.21 

1.26 

1,25 

1,35 

1.21 

1,18 

1,18 

1.31 

1.17 

1,20 

1,19 

1.34 

1.19 

1.04 

0,90 





DNB 

QUALITY 

13,3 

20 ,4 

_ 

_ 

8,7 

6,3 

11,8 

11,8 

8,6 

6,2 

11,6 

11,6 

8.2 

5,6 

11,0 

11,0 

8,1 

5,3 

11,0 

Í 1 .0 

 5 . 1 

10 .3 





CORRELATION 

W  38 

Ferrei 

CISE 

ΔΗ(ΡΙΑΤ) 

W  3B 

Ferrei 

CISE 

ΔΗ (FIAT) 

W  3B 

Ferrei 

OISE 

AH(FIAT) 

W  38 

Ferrei 

CISE 

AH(FIAT) 

W  3B 

Ferrei 

CISE 

ΔΗ (FIAT) 

W  3Β 

Ferrei 

CISE 

ΔΗ(ΡΙΑΙ) 

AXIAL FLUX 

1ISTRI8UTI0N 

Upward skewed 

aayaaatrical 

aina teat 

saction n* 28 

Upward akewed 

ssymmetricsl 

sine test 

section n* 2B 

Upwsrd skewed 

asymmetrical 

aine teat 

section n* 28 

Upwsrd skewed 

isymmetrlcal 

a Ine teet 

aeotion n* 28 

Upward skewed 

ssymmetricsl 

sine test 

section n* 2B 

Upward skewed 

ssymmetricsl 

sine taat 



TABLE V I I - (Fo l lows) - 15Χ-<0Νβ QUALI T Y < * 15X 

RUN 

Ν · 

17(22-12-64) 

148(22-12-64) 

136(22-12-64) 

162(22-12-64) 

79(22-12-64) 

72(22-12-64) 

PRESSURE 

sta 

132,3 

131,3 

131,7 

131,7 

131,7 

132,7 

MASS FLOV 

RATE 
2 

) /om sec 

231,2 

308,6 

306,1 

309,1 

312,2 

313,0 

INLET SUB

COOLING 

•C 

65 

1,2 

1,6 

1.6 

8.8 

9.8 

EXIT 

QUALI TY 

Κ 

- 1 . 9 

10,3 

10,5 

10,4 

8,3 

7,9 

DNB -FIELD 

(Z/L) 

MEASUREB 

0,79 - 0,88 

0,88 - 1 

0,88 - 1 

0,88 - 1 

0,85 - 1 

0,85 - 1 

(Z/DDNB 

»REDICTEO 

0,81 

0l71 
_ 
-

0.81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 

0,71 

1 

1 

0,81 
0,71 

1 

1 

0,81 
0,71 

1 
1 

q" 
DNB.EU 
W /C« 2 

294,22 
-
-
_ 

175,11 
_ 
_ 
_ 

174,64 
-
-
-

173,46 

-
-
-

191,16 
-
_ 
-

193,22 
-
-
-

F 

0,94 
-
-
_ 

0,94 
_ 
.. 
• 

0,94 

-
-
-

0,94 

-
-
-

0,95 
. 
-
-

0,96 
-
-
-

PREDICTED 

q" 
ONB 2 

W/oa 
312,96 

302/41 
_ 
_ 

186,32 
214,85 

43421 

110,73 

185,40 

214,29 

43477 
110,85 

186,24 

215,15 

43509 

111,07 

200,85 
228,59 

35S68 
131,00 

201,51 

229,43 

33849 
131,96 

MEASURED 

q" 
DN8 

2 
W/oa 

291,99 

335,39 
-
. 

140,64 

161,80 

33919 

95,07 

144,28 

155,73 

34229 
97,39 

144,28 
165,72 

34154 

97,39 

175,20 
201,24 

29333 
118,25 

176,91 
203,22 

27951 
119,42 

R 
DNB 

1.07 

0,90 
-
_ 

1.32 
1,32 

1,28 

1,16 

1,28 

1,29 

1.27 
1.14 

1.29 
1,30 

1.27 

1,14 

1,15 
1,14 

1.21 

1.11 

1.14 
1,13 

1.21 
1,10 

DNB 

QUALITY 

X 
- 5 , 9 

-11 ,1 
_ 
• 

7.4 

5,6 

10.5 

10,5 

7,5 

5,7 

10,5 
10,5 

7,5 

5,6 
10,4 

10,4 

5,8 
3,6 

8,3 

8,3 

6,5 

3,2 

7.9 
7.9 

CORRELATION 

Ν - 38 

Ferrei 

CISE 

AH(FIAT) 

W - 3B 

Ferrei 

CISE 

AH(FIAT) 

W - 38 

Ferrei 

CISE 
ΔΗ (FIAT) 

W - 3Β 

Ferrei 

CISE 
AH(FIAT) 

W - 3B 
Ferral 

CISE 

ΔΗ(ΡΙΑΤ) 

W - 38 

Ferrei 

CISE 
AH(FIAT) 

AXIAL FLUX 

DISTRIBUTION 

Upward akewed 

asymmetriosl 
sina test 

section η* 28 

Upward akewed 

asymmetrical 

alaa test 

section n* 28 

Upward skewed 

•symmetrical 

alna tast 
section n*28 

Upward akewed 

•symmetrical 

• Ina taat 

aection n* 28 

Upward akewed 
aayamatrical 

• ina taat 
section n· 28 

Jpward akawad 
asymmetrical 

aine teat 

aection n* 2B 



TABLE VI I  (Follows) 15X<0NB QUAL I TY < ♦ 15K 

RUN 

Ν · 

99(211264) 

89(211264) 

180(2336») 

103(23365) 

37(23365) 

70(24365) 

PRESSURE 

ata 

131,3 

131,3 

132.3 

132,3 

132,3 

131,7 

MSS FLOW 

RATE 
2 

3 /om aeo 

313,4 

314,2 

93,6 

94.9 

93,3 

94,8 

INLET SUBCOO 

LING 

•C 

64,2 

65,3 

11,5 

19,3 

45,0 

146.3 

EXIT 

QUALITY 

X 

 4 , 0 

 ♦ . 7 

28,5 

27,6 

22.6 

9.1 

DNBFIELO 

(Z/L) 

»EASUREO 

0,79  0,82 

0,79  0.82 

0,52  0.76 

0,52  0,73 

0,50  0.67 

0,50  0,59 

(Z/DDNB 

PREbl CT ED 

0.B7 

0,71 





8.87 

0,71 





0,59 

0,41 

1 

1 

0.39 

0.41 

1 

1 

0.5J 

0.41 

1 

1 

0,59 

0,41 

1 

1 

q" 

DNB.EU 

/J 
322.74 







330,31 







122,50 







129,17 





_ 

161,43* 







284,30 







F 

1,22 







1,17 







1.06 







1.07 





_ 

1.10 







1,04 







PREDICTED 

q" 
ONB 

2 
/oa 

264,05 

353,02 





281,38 

356.24 





115,70 

177,85 

35299 

97,40 

120,77 

187,15 

34505 

104,76 

146.59 

221,77 

32360 

125,84 

273,36 

382,30 

25545 

200,79 

MEASURED 

q" 
DNB 

2 
/oa 

258,34 

414,33 





257,11 

412.35 

_ 



120,32 

159,80 

32313 

93,91 

130,72 

173.61 

31319 

102,062 

153.59 

203.99 

25257 

119.92 

251,64 

334.19 

10101 

195.4B 

R 
ONB 

1.02 

0,83 





1,09 

0.86 

— 



0,96 

1.11 

1.09 

1.04 

0,92 

1.08 

1.09 

1.03 

0.95 

1,09 

1.2B 

1.05 

1.08 

1.14 

2.53 

1,02 

ONB 

QUALITY 

X 

 5,7 

12 ,6 





 6.3 

13 ,3 

_ 

_ 

20,8 

11,5 

28,5 

28,5 

19.7 

9.5 

27,6 

27,6 

13,3 

1.1 

22,6 

22,6 

 7 . 0 

26 ,5 

9.1 

9.1 

CORRELATION 

W  3B 

Ferrei 

CISE 

ΔΗ(ΡΙΑΤ) 

W  3B 

" Ferrei 

CISE 

ΔΗ (FIAT) 

W  38 

Ferrei 

CISE 

ΔΗ (FI AT) 

W  3B 

Ferrei 

CISE 

ΔΗ FIAT) 

W  3Β 

Ferral 

CISE 

ΔΗ (FIAT) 

W  38© 

Ferrei 

CISE 

ΔΗ (FIAT)© 

AXIAL FLUX 

DISTRIBUTION 

Upward akawed 

symmetrical 

aln« taat 

aection n* 2B 

Upward akawed 

aayaaatrical 

aine taat 

aection Ν·28 

Down shewed 

aayaaatrical 

aina taat 

aection n* iC 

Down akawed 

aaymaetrioal 

• ina test 

section n* 2C 

Down skewed 

aayametrioal 

alna taat 

aection n* 2C 

Down akawed 

aeyaaetrioal 

• ina taat 

aection n* 2C 



TABLE V I I  (Fo l lows)  15X<DNB QUALI T Y < * 15X 

RUN 

N · 

271(23365) 

201(23365) 

134(23365) 

57123365) 

182(22365). 

291(83365) 

»RESSURE 

» U 

132,6 

132,3 

132,3 

131,7 

131,7 

132,3 

MASS FLO« 

rata 
2 

g /cm aac 

182.7 

181,3 

180,5 

178,7 

182,1 

312,6 

INLET SUBCOl 

LING 

•C 

4.7 

9.1 

15,9 

42,3 

98,5 

4,8 

EXIT 

QUALITY 

X 

1 8 , 1 

15,9 

14,1 

8.7 

 1 . 2 

11.0 

DNBFIELD 

(Z/L) 

MEASURED 

0,88  0,92 

0.52  0,79 

0,52  0,79 

0,52  0,76 

0,52  0,57 

0,55  0,54 

0,88  0,91 

0.52  0.79 

(Z/DDNB 

»REDICTEO 

0.59 

0,41 

1 

1 

0,57 

0.41 

1 

1 

0,57 

0,41 

1 

1 

0,59 

0,41 

1 

1 

0,51 

0,41 





0,59 

0.41 

1 

1 

q· 
DNB.EU 

2 
/oa 

143,74 



_ 

_ 

157,51 



_ 



169,29 

_ 

_ 

* 

214,22 





_ 

361,94 







177,83 

F 

1,05 

_ 

. 

_ 

1,07 



_ 

_ 

1.08 

_ 

_ 

_ 

1,09 



_ 

_ 

1.12 





_ 

1.04 

PREDICTED 

q" 

DNB 2 

/ca 

137.38 

220.67 

44301 

101,43 

147,26 

228,35 

43037 

109,81 

157,06 

240,49 

41042 

122,47 

196,85 

296,73 

34757 

163,48 

323,17 

441,43 

_ 

_ 

171.49 

275.72 

47541 

118,99 

IEASURED 

q" 
DNB 2 

/cm 

136,66 

181,51 

37945 

106.66 

141,38 

183,48 

33597 

107,82 

153,55 

139,26 

30414 

117,10 

197,58 

262,39 

19613 

154,20 

328,50 

390,52 

_ 

_ 

156,89 

207,15 

38417 

R 
DNB 

1,01 

1.21 

1.16 

0,95 

1,04 

1.24 

1.28 

1.02 

1,02 

1.21 

1,35 

1,04 

0,99 

1,13 

1,77 

1,06 

0,98 

1.13 

_ 

1,10 

1,33 

1.24 

121,74 0 OR 

DNB 

QUALITY 

X 

12,8 

7.4 

18.1 

18.1 

10,5 

5.3 

15.9 

15.9 

8,7 

3.0 

14,1 

14.1 

2.5 

 5 , 6 

8,7 

8.7 

15,5 

22,7 

_ 

_ 

7,3 

3,5 

11,0 

11 0 

CORRELATION 

W  38 

Ferrei 

CISE 

AB(FIAT) 

W  3B 

"Ferral 

CISE 

ΔΗ(ΡΙΑΤ) 

W  38 

Ferrei 

CISE 

¡ A H ( F I A T ) 

W  3B 

Ferrei 

CISE 

A H ( F I A T ) 

W  38 

Ferrei 

CISE 

ΔΗ(ΡΙΑΤ) 

W  38 

Ferrei 

AXIAL FLUX 

DISTRIBUTION 

Down skewed 

ssymmetricsl 

sine test 

section η* 2C 

Down skewed 

asymmetrical 

sine test 

saction η* 2C 

Down skewed 

ssymmetricsl 

sine test 

section n° 2C 

Down skewed 

asymmetrical 

sina tast 

section n*2C 

Down skewed 

ssymmetricsl 

sine test 

section n*2C 

aina t·»« 



Tabla VII  follows  15X<DNB QUALITY. 15* 

RUN 

N· 

224(23365) 

150(23355) 

76C23365) 

PRESSURE 

ata 

132,3 

132.3 

131,7 

MASS FLO» 

RATE 
2 

g /cm sec 

310,5 

306,2 

306,8 

INLET SUB

COOLING 

»C 

8.9 

15,2 

43.9 

EXIT 

QUALITY 

X 

9.6 

7.9 

2,2 

DNBFIELD 

(Z/L) 

MEASURED 

0,54  0,78 

0,52  0,76 

0,58  0,7 

(Z/DDNB 

»REDICTED 

0,59 

0,41 

1 

1 

0,59 

0,41 

1 

1 

0,59 

0.41 



1 

q" 
DNB.EU 

2 
W/cm 

200,05 







204,47 







280,61 







F 

1,05 





„ 

1,08 







1,05 







PREDICTED 

q" 
DNB 

2 
W/om 

189,80 

285,23 

44335 

129,90 

198,52 

299,56 

41250 

145,86 

266,13 

388,16 



220,15 

MEASURED 

q" 
DNB 

2 
W/cm 

164,88 

218,99 

32615 

128,69 

183,31 

243,45 

28641 

143,07 

276,29 

366,96 



215,55 

R 

DNB 

1,09 

1,30 

1,36 

1.01 

1.08 

1,23 

1.44 

1,02 

0,96 

1,06 

.» 

1,02 

DNB 

QUALITY 

X 

5,9 

2,0 

9,5 

9,5 

4 ,3 

 0 , 1 

7.9 

7.9 

2.7 

9.4 

_ 

2.2 

CORRELATI OK 

W  3B 

Ferrei 

CISE 

A H ( F I A T ) 

W  38 

Ferrei 

CISE 

A H ( F I A T ) 

W  38 

Ferrei 

CISE 

ΔΗ(ΡΙΑΤ) 

AXIAL FLUX 

DISTRIBUTION 

Down skewed 

»symmetrical 

l ine test 

section n· 2C 

Down skewed 

ssymmetricsl 

sine test 

section n* 2C 

Down skewed 

■symmetrical 

al ne teat 

aacti on η* 2C 



TABLE VII Bis. 

RUN 

Ν · 

7 9 ( 7  1 2  6 4 ) 

1 5 ( 7  1 2  ι 4 ) 

1 3 1 ( 9  1 2  5 4 ) 

1 2 2 ( 9  1 2  6 4 ) 

1 8 2 ( 2 2  3  3 5 ) 

PRESSURE 

a t a 

131,3 

131 ,7 

131,3 

132 ,3 

131,7 

MASS FLOW 

RATE 
2 

a/cm see 

142,8 

142 ,9 

141,6 

141,4 

1B2.1 

INLET SUBCO! 

LING 

•C 

8 1 , 0 

9 4 , 1 

1 1 1 , 8 

121 ,1 

9 8 , 5 

EXIT 

QUALITY 

* 
 0 , 0 5 

 2 , 4 

 3 ,5 

 5 , 2 

 1 , 2 

DNBFIELD 

( Z / L ) 

MEASURED 

0 , 8 0  0 ,93 

0 ,79  0 , 8 4 

0 , 8 0  0 ,85 

0 , 7 9  0 , 8 4 

0 , 5 5  0 , 6 4 

( Z / D D N B 

PREDIGTE! 

0 ,81 

0 , 8 1 

0 ,81 

0 , 8 1 

0 ,85 

0 ,81 

0 , 8 5 

0 , 8 1 

0 , 6 5 

0 ,51 

q" 
DNB.EU 

2 
W/cm 

269 ,60 

269 ,60 

291 ,07 

291 ,07 

298 ,27 

i 1 4 , 0 4 

311 ,58 

5 2 8 . 7 J 

¿06,90 

5o1 ,94 

F 

0 , 9 9 

1,05 

0 ,93 

1,05 

1,05 

1,05 

1,06 

1,04 

1,15 

1.12 

PREDICTED 

q" ONB 

w
/cm 

2 7 1 , J 8 

256 ,76 

3 1 3 , 5 8 

277 ,21 

2 L 0 . Í 2 

29 ' j ,06 

2 9 4 , 3 3 

31o,08 

2>7,11 

523 ,16 

MEASURED 

q" DNB 

H e m 

230 ,15 

230 ,16 

2 4 9 , 0 6 

249 ,0u 

22o,49 

261 ,69 

2 3 6 , 1 5 

2 9 5 , 7 2 

2 2 2 , 8 9 

328 ,98 

R 
DNB 

1,18 

V 1 

1,2o 

1,M 

1 .2* 

1,06 

1,24 

1,07 

1.1» 

0 ,96 

DNB 

QUAU 

TY 

 5 , o 

 5 , 6 

 6 , 5 

 4 . 5 

 6 , 1 

 1 0 , 8 

 1 0 , 0 

 1 2 , 8 

 7 , e 

 1 5 , 0 

CORRELATION 

W  33 » . 

WBB ♦♦♦ 

W  3B » . 

W.  3B . . . 

W  3B . . 

W  JB . . . 

W  JB . . 

W  3B . . . 

W  ΛΒ . . 

W  38 . . . 

AXIAL F L U X 

DISTRIBUTION 

Upwaro skewed 

asymmetrical 

s ine t e s t 

sec t ion n ' 2B 

Upward skewed 

asymmetrical 

s ine t e s t 

s e c t i o n n° 2B 

Upward skewed 

asymmetrical 

siine t e s t 

s e c t i o n n* 2B 

Upward skewed 

«s y «net r i ca1 

s ine t e s t 

sec t ion n° 26 

Down skewed 

asymmetr icsl 

s ine tes t 

sec t ion n ' 2C 

♦. MIT (Bubble detachment point) 

... Soaring (Bubbla detachment point) 



TABLE VI 11  DNB Q u a l i t y > 1SX 

RUN 

Ν · 

170(81064) 

171 (81064) 

127 (81054) 

135 (81064) 

120 (17255) 

'rassura 

a U 

127,2 

124.2 

1 2 J , 2 

126,2 

140,2 

Maas flow 

reta 
2 

g /cm aac 

50,2 

51.4 

51,3 

51,8 

16,1 

In let Subcoç 

l ing 

•C 

12,6 

32.0 

15,5 

45,9 

2.7 

Exit 

quality 

Χ 

35,5 

34.3 

36,4 

35,3 

38,0 

DNBFiald 

(Z/L) 

aeaaured 

0,84  1 

0.84  1 

0,94  1 

0,53  0,55 

0,94  1 

0,53  0,55 

0,7  1 

(Z/L) DNB 

predicted 

0,55 

1 

1 

1 

0.55 

1 

1 

1 

0,55 

1 

1 

1 

0,55 

1 

1 

1 

0.55 

1 

1 

1 

Predicted 

q"DNB 

W ,
 2 

w
/cm ♦ 

139,50 

55220 

99.71 

181.24 

150.93 

55669 

11t,42 

197.20 

173,00 

53091 

118,92 

205,02 

174,20 

53284 

119,16 

204,54 

118,55 

45730 

77,2e 

159,89 

Measured 

q" DNB 

* / c «
2
 ♦ 

134,20 

47060 

80.53 

118.1ο 

1 J 5 . 0 1 

46520 

99,51 

142.65 

193,10 

54450 

115,82 

1 J 5 , 5 3 

191,91 

49399 

115,15 

163,59 

107,14 

4 2 3 J 6 

54,28 

102,90 

R 
BNB 

1,04 

1.17 

1.23 

1.53 

0.97 

1.15 

1.15 

1.38 

0,89 

1.05 

1,02 

1.23 

0,91 

1,08 

1,03 

1,25 

1,11 

1,08 

1,20 

1,55 

DNB 

quslity 

X 

17,5 

35.3 

35.3 

35.3 

13.5 

34.3 

34.3 

34.3 

12,0 

56,3 

56,3 

36,3 

11,27 

35,3 

35,3 

35,5 

20,3 

38,0 

38.0 

38,0 

Correlation 

Ferra l 

CISE 

AH (FIAT) 

ΔΗ (W2) 

Ferrai 

CISE 

ΔΗ (FIAT) 

ΔΗ IWt) 

Ferrei 

CISE 

AH (FIAT) 

ΔΗ (W2) 

Ferrei 

CISE 

ΔΗ (FIAT) 

ΔΗ (W2) 

Ferrei 

CISE 

ΔΗ (FIAT) 

ΔΗ (W2) 

Axial flux 

distr ibution 

Symmetrical 

Cosine 

Test Section 

n· 2 

Symmetrical 

Coaina 

Teat Saction 

η· 2 

Symmetrical 

Coai ne 

Test section 

η· 2 

Symmetriasi 

Cosine 

Tast Section 

ι»· 2 

Symmetrical 

Cosine 

Test Section 

n· 2 

♦ For CISE Correlation (w) 

♦ For ΔΗ (W2) Correlation (koal/kg) 

For ΔΗ (W2)oorrele t i on a l l data related to symmetrical cosine heet flux distr ibution are out of range for equivalent diameter. 

For Ferrei '» correlation the data are out of range for equivalent diaaeter and lenght. 



TABLE V I I I (Follows) DNB quality > 15* 

RUN 

16 ( 1 7  2  6 5 ) 

176 ( 1 6  2  6 5 ) 

156 ( 2 3  1 2  6 4 ) 

143 ( 2 3  1 2  6 4 ) 

28 ( 2 3  1 2  6 4 ) 

40 ( 2 3  1 2  6 4 ) 

Pressure 

au 

140,7 

144 ,7 

1 3 1 , 3 

131 ,7 

131 ,3 

132,5 

Masa f low 

r a t e 

2 
g / o a sac 

4 6 , 7 

4 4 . 3 

7 6 , 0 

7 3 , 5 

9 4 . 1 

9 2 , 7 

I n l e t Suoooo 

l i n g 

•C 

» .3 

2 9 . 2 

5 7 . 2 

5 9 , 8 

3 . 3 

3 , 8 

E x i t 

q u a l i t y 

X 

3 4 , 1 1 

3 7 , 6 5 

Í 7 . 0 2 

2 7 , 0 3 

2 7 , 0 2 

2 7 , 3 

DNBFie ld 

( Z / L ) 

aaaaured 

0 , 7  0 , 97 

0 , 6 6  0 , 9 2 

0 ,6  0 . 9 

0 , 7 8  0 , 9 

0 ,94  1 

0 , 8 5  1 

( Z / L ) DNB 

p r e d i c t e d 

0 , 5 5 

1 

1 

1 

0 , 5 5 

1 

1 

1 

0 , 7 1 

0 , 7 1 

0 , 7 1 

0 , 7 1 

P r e d i c t e d 

q» DNB 
2 

W/cm 

122,68 

44148 

8 5 , 1 8 

165,96 

131,35 

38677 

8 4 , 0 5 

177,79 

155,60 

26710 

124,79 

185,36 

165,62 

26051 

124,79 

186,42 

134,99 

34868 

9 0 , 0 1 

126,31 

135.53 

34165 

9 0 . 7 5 

126 ,78 

Measured 

q" DNB 
2 

W/ca 

113 ,03 

38252 

6 7 , 8 2 

107,05 

141 ,29 

41640 

8 4 , 7 7 

140 ,91 

199 ,26 

24721 

117 ,10 

151 ,91 

159 ,26 

24244 

117 ,10 

155,14 

130,22 

29430 

7 6 , 5 2 

7 9 , i e 

130 ,22 

29374 

7 6 . 5 2 

8 0 . 4 

R 
DNB 

1,08 

1.15 

1,25 

1,55 

0 ,93 

0 .93 

0 ,99 

1,26 

0 , 8 3 

1,08 

1,06 

1 .21 

0 , 8 5 

1,07 

1.06 

1,20 

1,03 

1,18 

1,17 

1,59 

1.02 

1,16 

1.18 

1.57 

DNB 

que 1 i t y 

* 

18 ,1 

3 4 , 1 

3 4 , 1 

3 4 , 1 

15 ,7 

3 7 , 6 

3 7 , 6 

3 7 , 6 

Ï . 9 

2 7 , 0 

2 7 , 0 

2 7 , 0 

9 . 7 

2 7 , 0 

2 7 , 0 

2 7 , 0 

16 ,8 

2 7 , 0 

2 7 . 0 

2 7 . 0 

1 7 . 1 

2 7 , 3 

2 7 . 3 

2 7 . 3 

C o r r e l a t i o n 

F e r r e i 

CISE 

ΔΗ (F IAT) 

ΔΗ (W2) 

F e r r e i 

CISE 

Δ Η (F IAT) 

ΔΗ (Ν2 ) 

F e r r e i 

CISE 

ΔΗ (F IAT) 

ΔΗ (W2) 

F e r r e i 

CISE 

ΔΗ (F IAT) 

ΔΗ (W2) 

F e r r e i 

CISE 

ΔΗ (F IAT) 

ΔΗ (W2) 

F e r r e i 

CISE 

Δ Η (F IAT I 

Δ Η (W2) 

A x i a l f l u x 

d i s t r i b u t i o n 

Symmetri es 1 

Cosine 

Test Sec t ion 

η · 2 

Symmetri o s i 

Cosine 

Test S e c t i o n 

η · 2 

Upwsrd akewed aaya 

m e t r i c a l a ina 

t e s t saot>on 

η · 2 B 

Upward akewed 

ssymmetr icsl s i n e 

t a a t a e c t i o n 

n · 2 B 

Upward akawed 

asymmetr ical s ina 

t a a t a e c t i o n 

n* 2 B 

Upward akawed 

a a y a a e t r i o a l a ina 

t e s t s a c t i o n 

n* 2 8 



TABLE V I I I (Follows) ONE Quality > 1 5 * 

RUN 

Ν · 

111(22 12-54) 

122 (22-12-54] 

72 (11-12-54) 

348 (29-3-.Λ) 

241(23-3-55) 

320 (23-3-J5) 

Pressure 

ats 

131.3 

132,3 

131,3 

133,4 

132,3 

134,5 

Msss Flow 

r a t e 
2 

g /ca aac 
94.1 

94,0 

140,8 

95.7 

94,5 

94,4 

In let Subcoc 

ling 

•C 
8,4 

8,5 

3,2 

3.8 

4.8 

5,8 

Exit 

quality 

X 
25,0 

25.4 

18,2 

33,0 

31.6 

32.7 

DNB-Fleld 

(Z/L) 

aeasured 

0,8 - 1 

0,8 - 1 

0,82 - 1 

0,94 - 1 

0,52-0,86 

0,52 - 0,91 

0,91 - 1 

0,52 - 0,88 

(Z/L) DNB 

predicted 

0,71 

0,71 

0,71 

0,41 

0,41 

0,41 

Predicted 

q" DNB 

•Vo.2 

138,90 

33488 

94,81 

130,53 

138,20 

3300« 

95,15 

129,50 

158,54 

39146 

96,07 

93,93 

155,30 

35484 
ee,-.o 

124,54 

169,02 
35941 

90,55 

126,04 

1o8,10 

54777 

69.59 
124,48 

Measured 

q" ONB 

W/ca 2 

138,0 

28584 

81,16 

84,01 

136,12 

28081 

82.02 
82,85 

134,14 

29012 

78,84 

54,51 

145,70 

35231 
91,59 

95,22 

154, oO 

34804 

9U.90 

93,71 

150,59 

35563 

94,39 
96ν·1 

R 
DNB 

1.01 

1,16 

1,16 

1,55 

1.01 
1.17 

1,18 

1,56 

1,16 

1,35 

1.21 

1.72 

1,06 

0,98 
0,95 

1.51 

1,09 

1,03 

0.99 

1.54 

1,05 

0.97 

0,95 
1,27 

DNB 

quality 

* 
15,0 

26,0 

26,0 

26,0 

15,3 

25,4 

25,4 

25,4 

10,8 

18,2 

18,2 

18,2 

15,3 

33,0 
33,0 

33.0 

14,4 

51,6 

31,6 

3 1 , j 

12,8 

32.7 

52,7 
32,7 

Correlation 

Ferrei 

CISE 

ΔΗ (FIAT) 

ΔΗ (W-2) 

Ferral 

CISE 

ΔΗ(ΡΙΑΤ) 

ΔΗ (W-2) 

Ferrei 

CISE 

ΔΗ (FIAT) 

ΔΗ (W-2) 

Ferrei 

CISE 
ΔΗ (FIAT) 

ΔΗ (W-2) 

Ferrei 

CISE 

ΔΗ (FIAT) 

ΔΗ (W-2) 

Ferral 

CISE 

Δ Η ( F I A T ) 

ΔΗ (W-2) 

Axial flux 

distr ibut ion 

Upward skewed 

• symmetrical sina 

test section 

n· 2 Β 

Upwsrd skewed 

aaymmetrical sine 

test section 

η· 2B 

Upward skewed 

ssymmetricsl sine 

test section 

n· 2 Β 

Down skewed 

asyametrioal sine 
test section 

n· 2 C 

Down akawed 

aayametrioal aine 

tast section 

η· 2 C 

Down skewed 

asyasetriaal sine 

n· 2 C 



Table IX. - Comparison of DT3 data in square annular test section with DNfl correlations-
Heated lenght 56O mm - nominal pressure 84 ata. 

Run 

98(10-6 -65) 

79 (10 -6 -65 ) 

56(10-6-65) 

25 (10-6 -65) 

Maes flow 
rate 

gr/om sec 

92 ,4 

153,8 

224,1 

395,6 

I n l e t 
tempera

t u r e 

°C 

226,6 

227,9 

225,3 

223,1 

E x i t 
qual i t y 

4 ,9 

- 2 , 2 

- 7 , 9 

- 1 3 , 4 

Measured Values 

Power 

kW 

56,7 

69,2 

78 ,3 

99,7 

Heat 
f l u x 

wat t / cm 2 

315,4 

385 

435,6 

554,7 

Enthalpy 
r i s e 

Kcal/Kg 

102,25 

75 

58,24 

42 

Ca lcu la t ed T)V^ R a t i o s 

•V"2(I"DNB 

us ing Dh 

0,95 

1,06 

1,19 

Modified 

* - 2 < Γ Ό Τ Π } 

0,855 

0,954 

1,071 

us ing Dy, 

1,84 

Modified 

W - 2 %W 

0,79 

"'-3q"rj\'B 

us ing D^ 

0,66 

0,80 

0,69 

0,78 

CISE: 
Imposed 

I n l e t 
3ubcooling 

1,18 

CISE: 
Imposed 
S a t u r a t i 01 

l engh t 

1,50 



Table Χ. - Comparison of DNB data in square annular test section 
with DNB correlations - Heated lenght 56Ο mm. Nominal 
pressure 126 ata. 

Hun 

15(10-9 -64) 

6 8 ( 1 5 - 9 - 6 4 ) 

8 3 ( 1 5 - 9 - 6 4 ) 

13 (16 -9 -64 ) 

5 4 ( 2 0 - 5 - 6 4 ) 

5 0 ( 1 6 - 9 - 6 4 ) 

6 5 ( 1 6 - 9 - 6 4 ) 

3 6 ( 2 9 - 7 - 6 4 ) 

2 8 ( 1 6 - 9 - 6 4 ) 

3 5 ( 2 1 - 5 - 6 4 ) 

4 7 ( 1 6 - 9 - 6 4 ) 

103(30-7 -64) 

8 0 ( 2 9 - 7 - 6 4 ) 

100(29-7-64) 

Mass f low 
ra te 

gr/cm sec 

68,5 

154,1 

154,1 

163,1 

159,6 

155,8 

157,4 

156,6 

271 ,5 

2 7 3 , 6 

271 ,4 

271 ,9 

271 ,1 

405 ,6 

I n l e t 
tempera

ture 

275 

2 8 0 , 5 

280 ,5 

2 7 6 , 5 

246 ,4 

2 4 0 , 6 

234 

177 

280 ,5 

2 5 5 , 6 

241 

197 

181,3 

184,5 

Exit 
q u a l i t y 

i 

- 1 , 1 

- 5 , 1 

- 4 , 9 

- 7 , 4 

- 1 6 

- 1 8 , 7 

- 2 1 , 3 

- 3 7 , 1 

- 1 2 

- 1 9 , 4 

- 2 4 , 5 

- 3 3 , 4 

- 4 2 , 1 

- 4 4 , 7 

Measured Values 

Power 

kW 

28 

46 ,5 

47 

47 ,5 

56 

55 

5 5 , 5 

71 

50 ,5 

63 

6 8 , 5 

106 

93 

113,5 

Heat 
f l u x 

watt/cm 

156 

259 

262 

264 

312 

306 

309 

396 

2&1 

354 

382 

590 

518 

632 

Enthalpy 
r i s e 

Kcal /kg 

68,17 

50 ,3 

50 ,84 

48 ,55 

58,47 

58 ,85 

58 ,79 

7 5 , 5 6 

31 

38 ,39 

42 ,1 

65 

57,18 

46 ,65 

Calculated DNB Rat ios 

W ~ 2 < I " D * B 

us ing Djj 

1,79 

1,31 

1,28 

1,35 

1,45 

1,59 

1,64 

1,77 

1,59 

1,62 

1,66 

1,38 

1,72 

1,75 

Modified 

" " ^ D N B 

1,611 

1,179 

1,152 

1,215 

1,305 

1,431 

1,476 

1,593 

1,431 

1,458 

1,494 

1,242 

1,548 

1,575 

ft 

W-3<1 DNB 

u s i n g D. 
D 

1,07 

0 ,78 

0,77 

0 ,82 

0 , 9 9 

Modified 

" - 3 % Κ Β 

1,57 

1,12 

1,10 

1,16 

1,39 



Tabla XI.  Comparison of DSB data in square annula r t e s t s e c t i o n with 

DNB c o r r e l a t i o n s - Reatad l engh t ri6C mm. Nominal P ressure 132 a t a . 

Sun 

125(1665) 

107(1665) 

167(3665) 

J0(25565) 

10 ' (3 665) 

7911665) 

50(4665) 

« ( 8  6  6 5 ) 

87(7665) 

15(1665) 

100(1665) 

142(3665) 

82(26565) 

44(26565) 

61(3665) 

81(3665) 

54(1665) 

35(4665) 

36(4665) 

24 (8 6 65) 

u » · . f l e e 

r e t e 

gr /oe*seo 

94 ,0 

91,9 

97,1 

90,7 

94,3 

93 ,9 

88,7 

93,4 

92,9 

156,1 

151,3 

159,1 

148,3 

'56 ,9 

153,7 

154,5 

161,3 

155,4 

155,7 

154,9 

I n l e t 

tempera

ture 

•C 

328,3 

324,4 

302,3 

3 0 0 

273,5 

257,2 

234,6 

197,9 

170,6 

328,7 

325,4 

307,1 

302,1 

281,2 

278,2 

276,1 

270,2 

227,9 

226,6 

200,3 

Exit 

qual i ty 

t 

15,5 

15,1 

6 , 1 

8,5 

 1 , 2 

 6 , 4 

 9 , 5 

 2 1 , 8 

 3 0 , 1 

9 , 2 

9 , 0 

1 , 2 

2 , 1 

 6 , 6 

 6 , 9 

 7 , 9 

 9 , 9 

 2 2 , 0 

24 ,7 

 3 1 , 8 

Me inured Valueβ 

Poeer 

Η 

26,6 

27,7 

35 ,6 

37 

43,3 

44,8 

50 

57,7 

60,8 

26,2 

30,4 

38,4 

42,4 

41,6 

48,6 

48,7 

51 

59,4 

60 

68 

Reet 

f lux 2 

watt/om 

148 

154,1 

198 

205,8 

240,9 

249,2 

278,2 

321 

339 

145,7 

169,1 

213,6 

235,9 

264,8 

270,4 

270,9 

2 8 3 ,
7 

330,5 

333,8 

378,3 

Enthalpy 

r i e · 

ICoal/kg 

47,19 

50,27 

61,14 

68,03 

76,56 

57 

93,92 

103 

109,07 

27,97 

33,50 

40,23 

47,65 

50,57 

52,72 

52,54 

52,7 

63,72 

64,22 

73,19 

Calculated DNB Ratio 

"  ^ " D N B 

using Du 

1,25 

1,37 

1,36 

1,50 

1,64 

1,30 

1,29 

1,32 

1,34 

1,55 

1,58 

1,61 

Modified 

" 
2
» " D H B 

1,125 

1,233 

1,224 

1,35 

1,476 

1,17 

1,161 

1,18ft 

1,206 

1,395 

1,422 

1,449 

using Dj, 

2,03 

2,04 

1,86 

1,79 

2,04 

' , 8 5 

1,81 

1,72 

Modified 

"
:
-

!
 «DUB 

0,91 

0,91 

0,80 

0,78 

0,89 

0,81 

0,77 

0,73 

"  ^ " D N B 

using Dß 

0,71 

0,72 

0,70 

0,66 

0,71 

0,77 

0,76 

0,86 

0,74 

0,75 

0,67 

0,77 

0,76 

0,78 

0,80 

Modified 

*3«"DI»B 

1,30 

1,30 

1,10 

1,06 

1,04 

1,12 

1,01 

1,10 

1,08 

1,11 

CISEl 

leap osed 

In le t 

ïuboool liwc 

0,77 

0,82 

1,09 

1,02 

0,96 

0,94 

1,26 

1,17 

CISEl 

Imposed 

Saturation 

Lsrwht 

0,74 

0,79 

1,23 

1,06 

0,95 

0,92 

' , 7 9 

1,47 



Table XI. - Foil owe 

Run 

7 2 ( 7 - 6 - 6 5 ) 

1 1 4 ( 1 - 6 - 6 5 ) 

9 1 ( 1 - 6 - 6 5 ) 

1 2 1 ( 3 - 6 - 6 5 ) 

9 4 ( 2 6 - 5 - « 5 ) 

3 9 ( 3 - 6 - 6 5 ) 

3 4 ( 1 - 6 - 6 5 ) 

2 1 ( 4 - 6 - 6 5 ) 

1 2 ( 8 - 6 - 6 5 ) 

6 2 ( 7 - 6 - 6 5 ) 

1 1 0 ( 1 - 6 - 6 5 ) 

1 1 9 ( 2 6 - 5 - 6 5 ) 

1 0 6 ( 3 - 6 - 6 5 ) 

1 0 7 ( 2 6 - 5 - 6 5 ) 

2 3 ( 3 - 6 - 6 5 ) 

1 5 ( 3 - 6 - 6 5 ) 

2 1 ( 3 1 - 5 - 6 5 ) 

1 2 ( 4 - 6 - 6 5 ) 

6 4 ( 4 - 6 - 6 5 ) 

5 3 ( 7 - 6 - 6 5 ) 

Kaes f low 
r a t e 

g r / o m 2 s e c 

153,6 

2 1 3 , 2 

2 2 1 , 9 

2 3 1 , 2 

2 1 1 , 8 

2 2 2 , 9 

2 2 2 , 5 

231 ,1 

2 2 4 , 1 

2 1 0 , 4 

3 9 4 , 9 

4 1 8 , 5 

4 1 0 , 5 

3 9 4 , 9 

393 ,7 

3 9 2 , 8 

3 9 8 , 3 

3 9 7 , 6 

4 0 1 , 9 

3 9 8 , 1 

I n l e t 
tempera

ture 
• C 

174,8 

328 

3 2 1 , 5 

3 0 6 , 6 

2 9 4 , 5 

2 7 6 , 1 

2 6 2 , 6 

2 2 8 , 1 

197,9 

170 ,6 

3 2 7 , 8 

3 0 6 , 6 

3 0 6 , 6 

2 9 3 , 8 

2 8 0 , 5 

2 8 1 , 5 

2 6 3 , 3 

2 3 3 , 6 

195,5 

174 ,4 

E x i t 
qual 1ty 

t 

- 3 9 , 3 

7 ,1 

3 , 9 

- 2 , 7 

- 5 , 1 

- 1 1 , 8 

- 1 6 , 2 

- 2 8 , 8 

- 3 7 , 5 

- 4 4 , 8 

4 , 5 

- 5 , 0 

- 5 , 9 

- 9 , 1 

- 1 3 , 8 

- 1 3 , 4 

- 1 9 , 6 

- 3 0 , 7 

- 4 1 , 9 

- 4 9 , 1 

Measured Values 

Power 
kW 

72 

3 0 , 4 

3 4 , 4 

42 

5 0 , 8 

5 5 , 9 

6 0 , 6 

7 1 , 3 

81 

87 ,1 

33 

5 6 , 8 

54 

66 

7 2 , 9 

77 

8 4 , 8 

96 

113 

127,5 

Heat 
f l u x 

watt/om 

4 0 0 , 6 

169,1 

191 ,4 

233,7 

282 ,6 

311 

338 ,3 

396,7 

450 ,6 

484 ,6 

183,6 

316 

3 0 0 , 4 

3 6 7 , 2 

4 0 5 , 6 

428 ,4 

471 ,8 

534,1 

«28,7 

7 0 9 , 4 

Enthalpy 
R i s e 

Koal /kg 

7 8 , 1 5 

23 ,77 

2 5 , 8 5 

30 ,28 

3 8 , 2 9 

41 ,81 

45 ,5« 

5 1 , 4 2 

6 0 , 2 4 

69 ,01 

13 ,93 

2 2 , 6 3 

2 1 , 9 3 

2 7 , 8 6 

30 ,87 

3 2 , 6 8 

3 5 , 4 9 

4 0 , 2 5 

46 ,87 

5 3 , 3 9 

C a l c u l a t e d DNB R a t i o 

*- 2 I I "DNB 

u s i n g Dh 

1,73 

1,32 

1,23 

1 ,36 

1,41 

1,60 

1,64 

1,69 

1,31 

1,40 

1,30 

1 ,36 

1 ,28 

1 ,38 

1,54 

1,64 

1,61 

Modified 

W - 2 " "DNB 

1,557 

1,188 

1,107 

1,224 

1,269 

1,44 

1,476 

1,521 

1,179 

1,26 

1,17 

1,224 

1,152 

1,242 

1,386 

1,476 

1,449 

* ~ 2 HDNB 

u s i n g Dy, 

1,64 

1,65 

Modified 

w " 2 "DNB 

0,71 

0,71 

" - 3 ° . " D N B 

u s i n g D^ 

0 , 8 8 

0 , 7 8 

0 , 8 2 

0 ,73 

0 , 8 2 

0 ,89 

0 , 7 9 

0 , 8 4 

0 , 7 9 

0 , 7 6 

0 , 7 8 

Modif ied 

W-3<»"DNB 

1,19 

1,05 

1,15 

1,13 

1,20 

1,12 

1,06 

1,09 

CISEl 
Imposed 

I n l e t 
S u b o o o l i n g 

1 

1,14 

0 , 9 9 

CISEl 
Imposed 

S a t u r a t i o n 
Lenght 

1 

1,24 

0 , 9 8 



Table XII - Comparison of D NB data in square annular t e s t sect ion with DNB 
correlations - Heated lenght 1183 mm - Nominal pressure 84 ata. 

Bun 

1 9 3 ( 2 9 - 7 - 6 5 ) 

1 5 2 ( 2 9 - 7 - 6 5 ) 

1 1 2 ( 2 9 - 7 - 6 5 ) 

6 5 ( 2 9 - 7 - 6 5 ) 

184 (29 -7 -65 ) 

144 (29 -7 -65 ) 

101 (29 -7 -65 ) 

6 3 ( 2 9 - 7 - 6 5 ) 

175 (29 -7 -65 ) 

133 (29 -7 -65 ) 

8 9 ( 2 9 - 7 - 6 5 ) 

5 8 ( 2 9 - 7 - 6 5 ) 

163 (29 -7 -65 ) 

121 (29 -7 -65 ) 

7 3 ( 2 9 - 7 - 6 5 ) 

4 9 ( 2 9 - 7 - 6 5 ) 

Haaa f low 
r a t a 

g r / o e 2 a e o 

9 1 , 9 

9 3 , 2 

9 2 , 8 

9 2 , 5 

154,2 

153,1 

154,9 

155,5 

222 ,3 

222 ,1 

2 2 7 , 0 

2 2 2 , 5 

397,1 

394 ,3 

3 9 9 , 8 

3 9 7 , 4 

I n l e t 
temperati! 

ra 
•C 

260 ,3 

2 2 6 , 6 

199 ,3 

171 ,8 

2 5 9 , 5 

231 

197,2 

171 ,3 

260 

232 

2 0 2 

172,5 

2 6 1 , 5 

2 3 4 , 9 

199 ,8 

173,4 

Exi t 
q u a l i t y 

* 

1 3 , 6 

8 , 5 

2 , 9 

- 0 , 3 

8 , 0 

2 , 1 

- 3 , 9 

- 8 , 4 

5 , 4 

0 , 3 

- 6 , 7 

- 1 1 , 4 

2 , 1 

- 4 , 6 

- 1 3 , 0 

- 1 8 , 3 

Measured Valuaa 

Power 

kW 

51 ,1 

62 ,8 

69 

7 9 , 2 

6 8 , 5 

7 9 , 6 

9 5 , 2 

106,5 

8 5 , 5 

106 

119,3 

137,1 

121,1 

139,9 

164,4 

186 

Haat 
f l u : 

wat t /om 2 

134,7 

165,5 

181,8 

208 ,7 

180,5 

2 0 9 , 8 

2 5 0 , 9 

280,7 

225 ,3 

2 7 9 , 3 

- 3 1 4 , 4 

- 3 6 1 , 3 

- 3 1 9 , 1 

- 3 6 8 , 7 

433 ,3 

492 ,3 

Enthalpy 
r i a a 

Kcal/Kg 

92 ,67 

112 ,3 

123,9 

142 ,6 

7 4 , 0 5 

8 6 , 6 8 

102 ,48 

114,2 

64 ,12 

79 ,57 

8 7 , 6 

102,7 

5 0 , 8 

5 9 , 1 5 

68 ,57 

78 ,37 

Calculated DNB R a t i o s 

* - 2 , » " D N B 

u s i n g Dh 

0 , 8 6 

0 , 8 0 

0 ,83 

0 , 7 6 

0,77 

0 , 7 0 

0 ,79 

0 ,81 

Modified 

" - ^ " D H B 

0 ,774 

0 , 7 2 

0,747 

0 ,684 

0 ,693 

0 ,63 

0 ,711 

0 ,729 

W - 2 HDNB 

u s i n g Dh 

1,82 

1,68 

1,61 

1,58 

1,43 

1,36 

Modified 

W-2 H 
DNB 

1,05 

0 ,95 

0 ,91 

0 ,87 

0 , 8 0 

0 ,75 

* -3q DNB 

us ing D. 
α 

0 ,84 

1,23 

1,07 

1,06 

0 ,92 

0 ,82 

0 , 7 8 

0 , 8 3 

CISEl 
Impoaad 
I n l e t 

Subooo l ine 

1,14 

1,23 

1,33 

1,19 

1,32 

1,17 

1,24 

1,07 

CISEl 
Imposed 

Sa t u r a t i o r 
Lenght 

1,25 

1 ,64 

2 , 6 0 

1,39 

2 , 2 0 

- , 34 

1,85 

' , 1 5 



Tabi · Xlll-Cotnperison of DNB da ta in square annular t e a t section with DNB 

C or re lektions - Heated Lenght II83 am - "omini! Pressure 132 a t a . 

Run 

171(3876·?) 

i4j;?R'
i
6'>) 

159(13765) 

104(28765) 

113(13765) 

100(28765) 

76(29765) 

56(29765) 

163(28765) 

123(28765) 

147(15765) 

101(13765) 

64(28765) 

13(29765) 

154(28765) 

111(28765) 

128(13765) 

88(13765) 

50(28765) 

186(28765) 

149(28765) 

108(28765) 

124(13765) 

92'28765) 

76(13765) 

25(13765) 

182(26765) 

Uaes flow 

rate 

KT'CTI eec 

91,8 

91,9 

93,6 

92,4 

92,9 

93,4 

93,3 

92,7 

152,0 

152,5 

154,0 

155,2 

155,7 

154,7 

222,6 

219,0 

222,7 

224,7 

224,4 

222,9 

395,1 

387,9 

403,0 

396,9 

397,9 

399,8 

397,9 

In lvt 

Teape

r a t u r · 

321,5 

289,7 

257,7 

231,5 

227,4 

223,5 

198,6 

" 2 , 3 

323,2 

294,5 

263,3 

229,3 

196,2 

173,2 

320,8 

297,1 

263,8 

227,9 

199,8 

174,8 

321,8 

300 

257,7 

234,9 

233,1 

199,6 

174,6 

Exi t 

Qual i ty 

* 

21,1 

14,8 

3 , 5 

1,0 

0,5 

2 ,5 

3 ,8 

5,5 

15,1 

5 ,3 

4 ,3 

12,4 

17,4 

26,1 

8 ,7 

.,

 8,3 

18,2 

23,8 

36,3 

4 , 9 

2 ,2 

15,7 

21,9 

24,1 

34,4 

40,8 

Measured Valuea 

Power 

kW 

39,4 

54,8 

59,4 

70,8 

71,9 

72,2 

84,6 

96,2 

47,5 

62 

72,1 

87,6 

109 

109,8 

53,4 

70 

89,3 

107,6 

126,8 

119,3 

63,1 

92.1 

127,1 

146,3 

144,2 

160,6 

179,6 

Heat 

f l ux 

watt /ca
2 

103,Ρ 

144,4 

156,5 

166,6 

189,5 

190,3 

222,9 

253,5 

125,2 

163,4 

190 

231,4 

287,2 

289,4 

140,7 

184,5 

235,3 

283,6 

334,11 

314,4 

'66,J 

242,7 

334,9 

385,5 

380 

423,2 

473,8 

Enthalpy 
r i se 

Kcal/kg 

71,54 

99,41 

105,76 

127,80 

52,09 

67,8 

40 

53,29 

Calculated DNB Ratio 

ff

2
9 DNB 

uaing D̂  

0,90 

0,92 

0,85 

0,80 

0,92 

0,94 

0,87 

1 

0,88 

0,94 

0,91 

1,15 

0,82 

0,91 

0,92 

0,96 

1,05 

1,05 

Modified 

w2q" 
DNB 

0,81 

0,628 

0,765 

0,72 

0,826 

0,646 

0,783 

0 , 9 

0,792 

0,846 

0,819 

1,035 

0,738 

0,819 

0,828 

0,864 

0,945 

0,945 

S2 ΗηκΒ 

ueing D„ 

1,46 

1,28 

1,39 

1,28 

1,23 

1,25 

1,08 

1,15 

Modified 

*'
2
 " m , 

0,87 

0,74 

0,77 

0,70 

0,71 

0,70 

0,61 

0,63 

*3q DSB 

using DR 

0,82 

1,04 

0,95 

1,05 

1 

0,85 

0,91 

1,05 

1,08 

0,91 

0,94 

1,02 

0,95 

0,92 

Modified 

3
* DNB 

1,49 

1,41 

1,40 

1,34 

: i s s t 

Inρosed 

In i «t 

SubcoolinR 

0,70 

0,90 

1,29 

1 , Π 

0,75 

1,09 

0,92 

1,19 

0,99 

C ISE ι 

Imposed 

ïaturat ion 

Lenftht 

0,63 

0,79 

4,21 

2,42 

0,69 

1,26 

0,88 

1,75 

0,98 



TABLE XIV - GENERAL DATA OF THE NORLAL UNIT CELL. 
DN3 BATIOS CALCULATED BY q"(W-2) AND W-3 CORRELATIONS 
WITH MEMORY EFFECT METHOD. 

C o r r e l a t i o n - <Γ (W-2) <,"(W-3) 

131,70 

150,70 

310,20 

11,58 

94 ,60 

0 ,8 l 

355,20 

DNB r a t i o - 1 ,75 1,35 

Fressure 

Coolant mass velocity 

Inlet enthalpy 

Equivalent diameter 

Flow area 

DNB Position 

Critical enthalpy 

ata 

g/sec.cm2 

Keel/Kg 

QUI 

mm2 

Z/L 

Kcal/Kg 

131,70 

150,70 

310,20 

11,58 

94,60 

0,71 

347,40 
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NOTICE TO THE READER 

All Euratom reports are announced, as and when they are issued, in the monthly 
periodical EURATOM INFORMATION, edited by the Centre for Information 
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| To disseminate knowledge is to disseminate prosperity — I mean 

\ general prosperity and not individual riches — and with prosperity 

I disappears the greater part of the evil which is our heritage from 

I darker times. 
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