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The analysis of these data shows that the influence of the non-unifor-
mities on the DNB decreases when the inlet quality increaces, all the
other parameters (geometry, pressure, mass velocity) being kept
unchanged.

Various methods of predicting DNB in non-uniformly heated chan-
nels are examined.

A comparison between experimental values and theoretical predictions
shows that the use of the F factor developed by Westinghouse, always
improves the validity of the predictions for all the considered corre-
lations.

In the case of marked non-uniformities like hot patches and low
qualities the discrepancies between experimental values and theoretical
predictions are generally too large as to allow the use of the selected
method of calculation for detailed design and performance studies.
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SUMMARY

A bibliographical review of DNB data in non-uniformly heated chan-
nels has been carried out.

The analysis of these data shows that the influence of the non-unifor-
mities on the DNB decreases when the inlet quality increases, all the
other parameters (geometry, pressure, mass velocity) being Lkept
unchanged.

Various methods of predicting DNB in non-uniformly heated chan-
nels are examined.

A comparison between experimental values and theoretical predictions
shows that the use of the F factor developed by Westinghouse, always
improves the validity of the predictions for all the considered corre-
lations.

In the case of marked non-uniformities like hot patches and low
qualities the discrepancies between experimental values and theoretical
predictions are generally too large as to allow the use of the selected
method of calculation for detailed design and performance studies.
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BIBLIOGRAPHICAL REVIEW OF DNB DATA IN NON-UNIFORMLY

HEATED CHANNELS AND COMPARISON WITH THEORETICAL PREDICTIONS

(+)

BY WAPD - 188, W - 2 AND W - 3 CORRELATIONS

INTRODUCTION

The heat flux distributions to be considered in core design and performance

studies are generally non-uniform ones.

In the cases where these distributions have large non-uniformities such as hot
patches most of the predictions by existing correlations differ appreciably from
the measured values. In order to achieve a higher core performance in these
cases it is desired to have an improved method of DNB calculations in non-uniform

channels.
A bibliographical review of DNB correlations and methods of calculation has

therefore been carried out with a view to select the most appropriate means of

calculation of DNB heat fluxes in the case of marked non-uniformities.

“‘Manuscript received on Scptember 29, 1967,
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EXPERIMENTAL DATA FOR AXIALLY NON-UNIFORM
HEAT FLUX PROFILES.

A search for DNB experimental data for non-uniformly heated channels has
been carried out in the literature. All the data collected are summarized in
the tables of Appendix I and Appendix II. Appendix I is relative to axial non-
uniformities, while Appendix II is relative to radial non-uniformities. One
has distributed these data in three main groups according to the type of

axial profiles .

(i) hot patch profiles

(ii) cosine or chopped cosine profiles

(iii) and miscellaneous profiles including skewed cosine.

The data examined are generally too scanty and too lacking in precision
todraw precise conclusions on the effects of heat flux non-uniformity on

DNB. However some general trends can be found :

1.1, Hot patches

These profiles are generally characterized by a hot spot factor &
which is the ratio of the heat flux at a point in the hot patch to the
one that would exist at that point if the section was not patched.

The experimental values are often expressed in terms of the peak

effectiveness Ep' This parameter is given by :

" _ 1
E = 9DNB uniform 9pNB avg

n _ "

9DNB peak 9DNB avg

where :

qn . DNB heat flux of a uniform heated section with the
DNB uniform

same fluid conditions (at the inlet or at the DNB
location depending on the authors) and the same

channel geometry.

"
ahNB peak local value of the hot patch flux when DNB occurs
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11 . .
qDNB avg average value of the heat flux in the patched section

when DNB occurs,

Data of Weiss (10)(11), Styrikowitch (14), Tong (17), Todreas (18)

and Stevens (19) (21) were examined. Qualitatively all these data

show that the peak effectiveness E_ decreases when the quality at the

DNB point increases. In other worgs at a given pressure the influence
of a hot patch in DNB will be stronger for smaller values of the local
enthalpy. A decrease of the length of the hot spot decreases the peak
effectiveness while an increase of the hot spot factor increases the

peak effectiveness,

Consistent trends in the effects of the other parameters as pressure, mass

velocity, channel geometry, onthe peak effectiveness could not be

deduced from the analysis of the considered results,

Cosine or chopped cosine profiles.

More confusing is the examination of the data obtained with cosine or

chopped cosine profiles. (1), (7), (9), (13), (22), (23), (24), (8), (25),
(26), (27), (28), (29), (30),(18), (31), (16), (20), (43), (44).

Indeed the difference between the data for uniform and corresponding
cosine profile having the same inlet conditions is often smaller than
the experimental error.

One can only conclude that the DNB power of a cosine or chopped cosine
profile is generally comprised between + 20 % of the power for a
uniformly heated section having the same geometry and the same inlet

conditions.

Miscellaneous distributions.

These distributions comprise primarily dissymmetrical cosine as
upskewed or downskewed chopped cosines or ramps (44),(18), (30),
(26), (22), (15), (42), , (4), (8), (12), (37), (38). The downskewed
cosine profile (peak near the outlet) shows generally a smaller DNB

power than the uniform one having the same geometry and the same
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inlet conditions. The upskewed cosine profile (peak near the inlet) is
from the DNB point of view very near the same as the symmetric
cosine profile.

A consistent trend for all these distributions is that a profile having
a peak near the outlet is less favourable than a uniform profile. The
influence of the peak is generally more pronounced when the local

quality at the level of the peak is smaller.
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METHODS OF APPLICATION OF EXISTING CORRELATIONS FOR
AXIALLY NON-UNIFORM DISTRIBUTIONS,

One has examined in the literature the main methods used for predicting
the DNB heat fluxes in non-uniformly heated channels. These methods are

summarized hereunder.

2, 1. System parameter and local parameter correlations (2), (39), (6).

DNB correlations are generally expressed in terms of either system
parameters or local parameters. In the first type correlations the
independent variables are generally the inlet enthalpy, the mass
velocity, the equivalent diameter, the length of the channel and

the system pressure. The dependent parameter is in this case
either the DNB heat flux or the DNB enthalpy.

The second type correlations involve as independent variables :
local enthalpy or quality, mass velocity, equivalenf diameter, length
of the channel and the pressure, the dependent variable being gene-
rally the DNB heat flux. -

For uniformly heated channels, these two types of correlations can
be deduced from one another with the help of the heat balance

equation :

"
Hone - Hin - Ppl dpns/C

In this equation :

HDNB enthalpy at the DNB point

Hin : inlet enthalpy

Ph : heated perimeter of the channel
L : total heated length

G : mass velocity

q'l')NB DNB heat flux

This is no more true when the axial heat flux distribution is non-~uniform,
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However some authors state that the average DNB heat flux of a non-
uniformly heated channel is approximately equal to that of a uniformly
heated one having the same inlet enthalpy, mass velocity and geometry,
However experimental evidence shows that this is not always true.

For instance a channel with sub-cooled exit conditions having a distri-
bution with a peak near the exit will have an average DNB heat flux
smaller than in the case of an uniform distribution. The simple
application of a system parameters correlation for a non~uniformly

heated profile is thus only valid for limited applications,

Reference channel,

Generally the calculation of the DNB heat flux for a non uniformly
heated channel is carried out for a number of points along the channel.
For each point of calculation it is customary to define a '"reference"
uniformly heated channel. The parameters selected for describing
this "'reference' channel differ from one author to the other. The

most common ones are given hereunder.

2,2.1. Length of the reference channel,

(i) Local length.
The length of the reference channel is equal to the length
of the non-uniformly heated channel from its inlet up to

the point of calculation.

(ii) Total length.
The length of the reference channel is equal to the total

length of the non-uniformly heated section.

(iii) Equivalent length,
The length of the reference channel is equal to the length
of an hypotetical uniformly heated channel having :
- a total power output equal to that of the non-uniformly
heated channel between the inlet and the considered point.
- an uniform heat flux equal to the local flux at the consi-

dered point of the non-uniformly heated channel.



- 11 -

2.2.2. Diameter of the reference channel

2,

2.

4.

(i) Wetted equivalent diameter.
The reference channel is assumed to be a round tube
having a diameter equal to the wetted equivalent diameter

of the non-uniformly heated channel Dg defined by :

De - 4 A
Py
where
De equivalent wetted diameter
A cross section of the channel
Pw wetted perimeter of the channel

(ii) Heated equivalent diameter.
The reference channel is considered as a round tube of
the same diameter as the heated diameter of the non-

uniformly heated channel defined by :

D = 4A
h Py
where :
Ph heated perimeter of the channel,

(iii) The reference channel has a diameter which is a function

of the values D, and .Dh defined hereabove.

Reference fluid conditions.

The mass velocity and the enthalpy of the fluid in the reference
channel are taken the same as in the non-uniformly heated one
either at the inlet or at the considered point according as use

is made of a system parameter or a local parameter concept.

The value of the DNB heat.ﬂux predicted by the correlation can
be compared with either the local heat flux or the average heat

flux up to the point of calculation.
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Current methods of calculation,

It results from the hereabove paragraphs that a variety of values can

be used in principle for each of the parameters intervening in the

DNB correlation,leading to a number of different values of the pre-

dicted DNB fluxes, However, only three methods of calculation are

currently used :

In this method using a system parameter correlation, one
assumes that for the same inlet conditions and the same
geometry, the non-~uniformly heated channel and the reference
channel have the same total heating power i,e. the same
average heat flux or the same enthalpy increase when DNB
occurs, This method is also called overall length concept
because the comparison is made on DNB power over the
whole channel length in each case regardless of the position

of DNB.

This method uses a system parameter correlation.
At any point of calculation reference is made to theeguivalent
length defined as hereahove. Comparison of the DNB heat flux

is made with the local heat flux,

Calculations are made using the local length concept defined
hereabove.

Comparison of the DNB heat flux is made on the local heat
flux when using a local parameter correlation and on the

average heat flux for a system parameter correlation,
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3. SELECTION OF A PREFERRED METHOD OF CALCULATION OF THE DNB
HEAT FLUXES FOR AXIALLY NON-UNIFORM DISTRIBUTIONS

From the previous paragraph it appears that there exists three main
possibilities of choosing the '""reference'' channel for the calculation of
DNB heat fluxes in non-uniformly heated channels.

The first possibility is based on the overall power method. Predictions

of the DNB power by this method do not depend upon the shape of the heat
flux distribution and their successful application is therefore limited. This
method appears to give fair predictions of the DNB power in some cases
as cosine profiles but does not provide any indication on the location of
DNB. Moreover, this method fails completely to predict DNB occurence for
hot patched profiles. For this reason, this method has not been selected as
the preferred one.

On another hand the equivalent length method and the local length method
allow to predict the location of DNB occurence.

The local length method can be easily applied and is currently referred to
in the literature. For this reason this method has been selected here.
However the use of this method does not lead to a fair prediction of the
known experimental data. An improved mean of calculation based on the
local length method has therefore been worked out. This makes use of the
F factor developed by Westinghouse (40). This method takes into account
the memory effect on DNB. It is based on the fact that the DNB occurence
depends as well upon the bulk fluid conditions as upon the conditions of the
boundary layer along the heating surface. A method of determination of
these boundary layer conditions has béen worked out based on the fact
that a superheated liquid layer is insulated from the bulk coolant flow by

a bubble layer.

Using a simplified model for the representation of the liquid layer and
making a heat balance of this layer, leads to an expression giving the
non-uniform DNB heat flux as a function of the heat flux in the equivalent

uniformly heated channel.



- 14 -

In this expression the value of a constant C is given by an empirical
correlation. This relation is general and can be used with any correlation
predicting the DNB heat flux in uniformly heated channels.

Hereafter use will be made of this factor in conjunction with three
correlations, in order to determine the improvement brought by the

use of the F factor.

The expression of the F factor is as follows :

‘ @ jl DNB - Cllpnp-2)
i q" loc (1 - e-C IDNB) o Tiele .
with
o' DNB,N = —4 DI;I‘B,EU
where

q" DNB,N : non-uniform DNB heat flux
q'""DNB, EU : equivalent uniform DNB heat flux

] : empirical constant
z : axial distance from inception of local boiling
IpNB distance from inception of local boiling to point of DNB

The value of the constant C in the report of Tong (40) is given by :

7.9

-X DNB/ -1
C= 0. .44 3 73 in.
(G/10°7)
where
X DNB : quality at DNB point
G : mass velocity

Studies have also been performed by Fiat and Sorin (1), (30) in order to

improve the value of the constant C in the equation of F.
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These studies have led to the following equations :

for -0.25 < X < 0.15
_ 2 a.- X)? o=l
C=6.86 10 G (T j in.
sat
with a=6105+044 10" (p - 1000)
(T ) =39.74836 10°15 7. % _ ¢4 83156 10712 T 3
sat sat ’ sat
- 2 -
- 38.6336 1070 T + 47.189 10°° T
sat sat
- 1.9452 107>
for 0.15 & X & 0.65
- 1 .
C =809 10°° in,”}

X v, (G/)48) 1.5 pe
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4. COMPARISON OF THE PREDICTIONS BY THREE SELECTED CORRELATIONS
WITH EXPERIMENTAL VALUES

4. 1. Correlations used

The three following correlations WAPD-188, Westinghouse W-1 or W -2
and Westinghouse W-3 have been used for comparing available experi-

mental data on non-uniformly heated channels with theoretical predictions.

4.1.1. WAPD-188 correlation

Use has been done of the best fit correlation for round tubes given

in the Appendix IIL

The W-2 correlations differ from the W-1 ones by a factor taking
into account the influence of non heated walls in the channel. For
channels without unheated walls the expressions of the W-1 and
W-2 correlations are identical. As in this paper one has only
considered experimental results for channels without unheated
walls no distinction is made between these two correlations. The
equations are also given in Appendix III. The first equation has
been used for qualities smaller than zero. The second one is used
for quality values larger than zero. The DNB margin predicted by the
two correlations hereabove is not necessarily the same for a
quality equal to zero. As it will be shown later this is the reason

for some observed discrepancies.

4.1.3. W-3 correlation

The expression of this correlation is given in the Appendix III.
This equation is valid in the range of outlet qualities between
- 0.15 and + 0.15. When attempt is made to use it for qualities
larger than + 0. 15 the correlation gives very small values of
DNB heat fluxes and even negative values. Care must thus be

taken when using this correlation out of its validity range.
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4. 2. Comparison of theoretical predictions with experimental data

The difference between the experimental values and the predicted ones
when the F factor is not used are generally more important for distri-
butions with hot patches. For this reason the available experimental
data on hot patches were chosen preferentially to show the effect of
the use of the F factor with the three considered correlations. Almost
all the known experimental data with hot patches are relative to round
tubes. This allows to eliminate the uncertainties involved in the choice

of the equivalent diameter (either wetted or heated).

4.2.1. Data from AEEW-R 426 (19)

These data were extracted from (19) and were adapted to a

water system using the scaling factors determined. by Eastwood
and Stevens (45) (21). Comparison has been made for three
values of the channel length and one value of the mass velocity.
The experimental values are plotted versus the corresponding
predicted ones for the same inlet enthalpy in Hgures 1,2 and 3.
Figure 1 is relative to the WAPD-188 correlation. Agreement

is much better when the F factor is used although calculations
still largely underpredict the DNB fluxes. The agreement
becomes however similar to that obtained for the data on uniform
heated channels, reported in (19).

The W-2 correlation predicts very well in this particular case
altough the F factor is not used for qualities larger than zero.
For the points between brackets a DNB margin of 1 was calculated
in the subcooled region before this margin reaches ! in the
quality region. This is due to the overprediction of the AH
equations for the very short lengths. The prediction of the W-2
correlations for these points should therefore not be regarded as
valid.

All the points for L = 38. 80 in.and 73. 50 in.in these data have
outlet qualities far out of the validity range of the W-3 correlation,
For this reason the W-3 correlation could not be used. When
applying the F factor it can be seen from Figures 1 to 3 that there
is little difference between the results obtained with respectively

the Tong and the Fiat expressions.
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These data are relative to rectangular channels.

The experimental values and the theoretical predictions are given
for each correlation on Figures 4,5 and 6.

These Figures show that the agreement between experimental
and predicted values is better when using the F factor for all the
correlations. The difference between predictions using respecti-

vely the Tong and the Fiat expressions of F is rather small.

In this report data obtained in the absence or in the presence of
a compressible volume between the inlet throttle and the heating
section are given in form of curves for various total lengths,

hot spot lengths and mass velocities. Only those with no
compressible volume have been examined. One has used the data
in the - 0.2, + 0.2 outlet quality range fcr the short tubes

(16 cm) and in the whole outlet quality range for the longer tubes
(50 and 94. 5 cm). Comparing the experimental and predicted
values one must bear in mind that the pressure (1422 psia) lies
out of the validity range (1850 - 2150 psia) of the WAPD-188
correlation. Again the L ratio for the smallest length (ratio of

D
20) lies out of the L validity range of the WAPD-188 and W-2

correlations (betw?en 21 and 365) and the smallest section length
(6. 3 in) lies out of the validity range of the W-3 correlation
(10-79in). These correlations have nevertheless been applied

to the considered data but such a comparison is given only to
examine the behaviour of these correlations out of their validity
range.

For the smallest length notable discrepancies are obtained.
However it can be seen fromFYigures 7 to 12 that the F factor

utilization reduces it and in this case errors are generally less

than 20 % in the - 0.2, + 0. outlet quality range.
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In the average length case (50cm) the utilization of the F factor
is most favourable for the WAPD-188 correlation. Discrepancies
decrease from about 40 % below 20 % for the highest mass
velocity except for an outlet quality higher than 0. 35 and from

50 % below 30 % for the lowest mass velocity. In the same way
utilization of the F factor reduces discrepancy for the W-2
correlation but large errors arise in certain cases (in brackets)
when along the test section the subcooled equation and the quality
equation are used successively, leading to an erroneous DNB
prediction upstream the hot spot associated with the q'' DNB
correlation.

The W-3 correlation predicts generally well except for outlet
qualities far from its validity range (- 0. 15 to + 0. 15) in outlet
quality. Utilization of the Fiat F factor generally yields better
agreement than the utilization of the Tong F factor.

In the largest considered length, the agreement when F factors
are applied to WAPD-188 correlation is much better; the errors
decrease from 50 % to 25 % even at high outlet quality (0. 6), the
F Fiat utilization giving errors below 20 %. WAPD-188 predicts
rather well the uniform case.

Except at outlet qualities larger than 0. 55, the A H DNB-
W-2 correlation gives good results ( < 20 %), the agreement
being better than that for the uniform case prediction (25 %).
The W-3 correlation has not been examined for this length,

the DNB qualities lying much out of its validity range.

With the shortcomings mentioned hereabove, it appears that
utilization of the F factor yields an improved agreement (t 20 %)
within the correlation validity range, the Fiat F factor being
generally better than the Tong F factor especially at low DNB
qualities. The best agreement is generally obtained with the

W.3 correlation.
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These experimental data, obtained with downskewed cosine
profiles having a form factor of 1. 4, have been compared
with correlations (Fig. 13 to 15). Application of FTong and
FFiat factors has practically no influence on the predicted
values. This is due to the fact that the values of the F factors
are close to unity in the DNB region. Correlations give
overpredicted values, particularly for the WAPD-188 and W-2
2

correlations at a mass velocity of 0. 142 kg/cm sec when the
exit quality is positive (overprediction larger than 20 % for
x > 3% orx. > - 30%). Except for this case

out 1n
predictions by the three considered correlations show a good

" agreement with experimental values, the W-3 correlation

appearing to be the best one.
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CONCLUSIONS

From the analysis of available experimental data on DNB heat flux in non-
uniformly heated channels one could deduce some general trends. The
most significant one is that the influence of the non-uniformities on the
DNB decreases when the inlet quality increases, all the other parameters
(geometry, pressure, mass velocity) being kept unchanged.

A survey of various methods of application of DNB correlations has also
been performed. Out of these the local length method appears to give
better predictions than the overall power method and is more easily ap-
plied than the equivalent length method. The local length method was ap-
plied with the WAPD - 188, W-2 and W-3 correlations. The use of the F
factor developed by Westinghouse always improves the predictions par-
ticularly for profiles with hot patches.

The values of the F factor calculated by the Tong correlation do not dif-
fer appreciably from those calculated by the FIAT correlation.

Of the three considered correlations, the W-3 appears to be the best one
when used in its range of validity for what concerns the quality (outlet
quality between - 0.15 and + 0.15).

However in the case of marked non-uniformities like hot patches and low
qualities the discrepancies between experimental values and theoretical
predictions are generally too large as to allow the use of the selected
method of calculations for detailed design and performamnce studies.
Further experimental and theoretical work in this field appears there-

fore to be desirable.
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MAIN SOURCES OF EXPERIMENTAL RESULT'S WITH NOW UNIFORM AXIAL HEAT FLUX DISTRIBUTIONS.

~APPENDIX -

: rectangular chbannel
: anpular channel.

20N .
. ource Date Axial pover M ¥ cy:.:.l L De -5"; p (psta) 6 (10° w/nrref) X, Xt XraB Number of (o’ 1,
distribution qﬁ/q:‘ q:/q:vg shape (tnek) (1nch) 0 |D3 il L » 6 =1 0 11 o0 1j.1 0 1 point 0 0.5 ‘1,
23 WAPD-TH-227 5% c R 27 0.12 225 =1 2%
10 | VAPD-TR-338 37 H 1, = 1.375 in. 1.98 R 27 0.170 199 = 2% -
28 | KAPL-17us 57 B 1, = 0.065 to 0.675n. 1 toh T 8 0.25 32 o —t 3 20
b2 Ga lson-Folomik 57 non-uniform A 103 0.298 3z2 by 16
13 | vAPD-188 8 c 1.38 R 27 0.1 243 == 82
11 | VAPD-TH-412 58 B 1, = 1.5 in. 1.3 R 27 0.176 153 ole —t—
8 | GEAP-3558 60 ¢ 2.92 .20 A 108 0.336 322 = o a 2
5 Dokl.vol.6 ¥°8 6r UR-DR 4.9 23 T 6.3 0.238 27 o 1o joe ° — 22100 pe
i lokl.v¥ol.7 K7 62 H L =0t 0.25 in. 1; 1.3%5; 2 T 6.3 o 37 0.31 20 to 118 o oo P y———1 . 3 curves
b ASME 62-WA-297 < C-UC-DC-KUC 1.2 to 1.9 T T2 0.422 1M =3 == P.
3 CISE K-69 63 CP T 15 and 29 0.19 80 and 1%0 o=} 823
22 CISE R-T% 63 UC-DR-C 2.36 .3 T 25.4 0.314 81 === | 135
8 AEEW R-309 o3 c-uc 2.4 and 9.70 1.27 and 1.42 T T2 0.383 188 e o0 © 238 €
% GEAP-3T55 €3 c-IC A
7 VDMC-PWP/P 134 6L c 1.27 and 1.i7 T 39.4 0.625 63 = ° 176
17 WCAP-3736 6u HUC 3. 04 bundle 108 0.k57 236 = f 3 end of hot
25 | mav-3238-8 bu c 1.4 T 72 0.817 73 - o 65 patch.
BAN-3238-6 uc 5 1.4 T T 0.417 173 PY:S —=:] »
3T | Bav-3238-7 5 c 5 1.4 T 72 0.417 173 o0 =5 66
38 Cons.651110-5 65 non-uni form o =34
L0 | WCAP-2767 65 CP-B-UR-DR-C T S toTe 10.177 w 0.Lk6 = =3 =
30 Bur. 2490 e 65 c 1.4 T 51.5 c.67 T7 =N = == m
Bur. 2490 e u 1.4 T k5.5 0 455 102 =) = ]
Bur. 2490 e C 1.4 T 6.5 0.455 102 f L e — 98
9 | AEEM-R-355 65 ¢ 1.37 T 14k 0.373 286 == o = o
3 WCAP-2795 65 H-CP 1 /L« 0.5 A g = 79
19 | ABM-R-b26 # 65 B 1, =3 1n 2.05 T (Freon) | 9.5 to 74 in 0.2k 31.5 to 268 oo+ : = 23
41 | AERE-R-5076 66 CP 1, =6 to 2k tn, T 72 to 96 0.366 197 t0 266 |o °
AERE-R-5076 CP 1, = 2k 1n. T 168 0 497 338 = = 139
AERE-R-5076 uR 2;3; 3.7 T 156 0 495 315 =h o s8 £
5 3-349 66 UR-DR 2.5 1.2% T 39.4 0 3% 100 ° =3 s
03| Bav-3238-12 66 c 1.4 A T2 (0 ¥17) (i13) 0 e=h — —= 98
18 | e oBr3-37 66 €U DC- UR-DR - HUC - T 30 o 48 0 214 W0 to 224 | oo 10
12 | Columbia Universit] 6§ c 1.5% T 192 0 430 =
2 | AmBi-peatg 66 c 1.16 to 1.63 T 39.5 end 47 0.625 ; 1.1 k2 ; 63 > 100
4 Renge values have been translated in vater system. |
as c : symetrical chopped cosine UR : inlet peaked ramp % ‘
UC : upskeved chopped cosine DR : outlet peaked ramp ‘
DC : downskeved chopped cosine CP : cold patch !
R : hotpatch at tne ema 01 theé section HUC : hot patch on upskewed cosine
ooy T : round tube
A
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MAIN SOURCES OF EXPERIMENTAL RESULTS FOR NON UNIFORM RADIAL HEAT FLUX DISTRIBUTIONS.

Circumferential M N by L De L ) psia G (106 ib/hrft2) X X out Rumber
Ref. Source Date channel De of
power distribution q&/q; q;l/q;vg shape inch inch o 103 2.103l0 2 & ¢ 1 0 111 o 1] points
33 | Teploenerg i1 58 Flux tilt 3.& 1.8 T 5.9 0.222 26.5 |o o o= =
36 | WAPD-AD-TH-519| 59 peak in corners 1.36 ; 1.83 R 12 0.05 2L0o e = — 32
32 | Dokl-Vol.4t n°k}| 60 Flux tilt 3 to 18 | 1.5 to 3.7 T 5.9 ; 18.4| 0.24 ; 0O.7h 25 = = » 200
34 | P/327 a Geneva| 64 Flux tilt 1.12 to 1.5 T 39.4 0.394 100 o4O R —— ] =5 7 100
35 | AEE W-R.477 66 Flux tilt 1.21 T 68 0.376 180 & = = 20
AEE W-R.477 Flux tilt 1.29 A 31.5 0.216 45 & = = 12

: rectangular channel

R T : round tube
{R
A : annular chennel.
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APPENDIX III

EXPRESSIONS OF THE CORRELATIONS USED

WAPD-188 Correlation (13)

H
6 DNB .- 2.5 G ,2 -0.0012 L/De

q" =0.28x10" (———) (1t + ) e

DNB 103 107
where
a"pNB DNB heat flux Btu/hr ft°
HDNB local enthalpy at DNB Btu/lb

2

G mass velocity lb/hr ft
L length ft
De equivalent diameter ft

W-1 and W-2 Correlations (29)

for x < 0
—=—‘out—————
, _ 6
a"pnp = (0-23x 100 +0.094G) (3.00+0.01 AT_)
(0.435 +1.23 ¢ 00093 L/De) (1.7 -1.4 7%
where
H, - H, 3/4 -1/3
a -0.532 | —f_in ( €/ e )
H g f
fg
for x > 0
for x = 0_
A H =0.529 (M. -H, ) + (0.825 +2. 36 e 20* Py g ‘1.5 G/10°
pNp - 0-529 (H - H, ) . noRe fg ©
-0. 0048 L/De
-0.41H - 1.1 .
tg © 1 2Hfg QB/ Qf +0 548Hfg
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Appendix III - p 2

In these equations :

O T : local subcooling = T - T °F

8C sat loc
L : distance from inlet to point of DNB ft
Hf : saturated liquid enthalpy Btu/1b
Hfg : latent heat of evaporation Btu/1b
e g : density of saturated stream lb/ft3
e : density of saturated liquid lb/ft3

W-3 Correlation (39)

q‘Il
ﬂ%E—U - [(2. 022 - 0. 0004302 p)
10 X
+ (0.1722 - 0. 0000984 p) e (18 177 - 0.004129 p) ]
x|(0.1484 - 1.596 X + 0.1729 X_ | XI )G/106+l.037]
x| 1.157 - 0.869 X Jx[ 0.2664 +0,8357 ¢ "> 1°] De]
x| 0.8258 +0.000794 (H _ - H, )]
N sat in
where
p : pressure psia
P& : local quality -
G : mass velocity 1b/hr ftZ
De : equivalent diameter in.
sat : saturation enthalpy Btu /Ib
H : inlet enthalpy Btu/ 1b

in


























































