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Summary

The present report deals with measurements of burnout conditions 

for flow of boiling water in vertical 3-rod and 7-rod clusters.

Data were obtained.in respect of heating the rods only, as well 

as for simultaneous uniform and non-uniform heating of the rods and. 

the shroud. Totally, 520 runs were performed.

In the case of equal heat fluxes on all surfaces of the channels, 

burnout always occurred on the rods, and the data were low by a 

factor of about 1 . 3 compared with round duct data.

When only the rods were heated, the data showed very low burn

out values in comparison with the results for total uniform heating and 

round ducts. This disagreement was explained by considering the 

climbing film flow model and the fact that only a fraction of the channel 

perimeter was heated.

For simultaneous and non-uniform heating of the rods and the 

shroud it was found that the shroud could be overloaded up to 50 per 

cent without reducing the margin of safety in respect of burnout for 

the rod cluster.

Finally, a correlation for predicting burnout conditions in round 

ducts, annuli and rod clusters has been presented. This correlation 

predicts the burnout heat fluxes for the present measurements and 

previously obtained annuli measurements within - 5 per cent.

Printed and distributed in August 1964
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1.0 Introduction

In recent years a research program intended to establish a method 

which predicts the burnout conditions for flow of boiling water in ver

tical channels has been in progress at the Heat Engineering Laboratory 

of AB Atomenergi in Sweden. The method of dealing with the problem 

has been to simulate the reactor fuel elements by means of test sec

tions which are electrically heated. The first phase of the program 

dealt with test sections of the simplest possible geometry such as round 

ducts, (1 , 2), and it was found that for duct diameters between 4 and 

13 mm, the burnout conditions could be correlated within - 5 per cent 

(3) in terms of the local values of enthalpy, heat flux, mass velocity 

and pressure. In order to interpret the round duct results, which were 

obtained at relatively high steam qualities 0.1 < x < 1.00, the climb

ing film flow model was adopted.

Later, a 3-rod cluster was also studied at pressures up to 10 
kg/cm^ (4). The most important observation made during the rod 

cluster study was that burnout occurred at a much lower burnout steam 

quality compared with the round duct results of approximately the same 

heat flux, pressure and mass velocity. This difference was explained 

by considering that in the case of the round duct the total perimeter of 

the cross-section was heated, while as far as the rod cluster was con

cerned only a part of the perimeter was heated, and furthermore, that 

the liquid in the film flowing on the unheated shroud of the rod cluster 

e sc ape s through the channel without participating in the cooling of the 

heated rods. It was also suggested that if the total perimeter of a 

channel of any cross - section is heated, burnout values of the same 

order of magnitude as for round ducts may be expected, except for a 

relatively small reduction owing to the higher shear stress in certain 

parts of the perimeter compared with round ducts where the wall 

shear stress is constant.

This assumption was verified by the experiments with an annulus 

reported in reference (5). The annulus was designed so that both 

cylinders could be heated simultaneously and also either the inner 

or the outer cylinder could be heated separately. It was found that 

in the case of equal heat fluxes or both walls, burnout always occurred
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on the inner wall, and the data were slightly lower than the correspond 

ing round duct data. However, when the annulus was heated internally, 

only, the data showed very low burnout values in comparison with the 

results for dual uniform heating of the annulus and for round ducts. It 

was further observed that for dual non-uniform heating, the outer sur

face of the annulus could be overloaded from 30 to 70 per cent com

pared with the inner surface without reducing the margin of safety in 

respect of burnout for the annulus, and the highest burnout values 

were observed when burnout occurred simultaneously on both cylinders

The purpose of the present paper is to extend our earlier low 
pressure 3-rod cluster data to pressures up to 40 kg/cm^, and also 

to study the effects of heating the outer shroud of the rod clusters.

Data from three different 3-rod cluster geometries will be presented 

as well as data obtained with a 7-rod cluster.

2.0 Appar atu s

A simplified flowsheet of the loop is shown in figure 1 . From the 

electrically heated test section the fluid passes through an aircooled 

condenser before entering the circulating pump, which delivers a head 
of 8.5 kg/cm^ at flow rates up to 1500 liter/min. After going through 

the circulating pump the fluid passes through an electric 20 kW pre

heater and a flowmeter before it enters the test section. Between the 

flowmeter and the test section a throttle valve was inserted to control 

the mass flow rate. The major portion of the available pressure head 

was used between the pump and the test section inlet, which made it 

possible to avoid flow oscillations in the loop even at the highest exit 

steam qualities which during the present investigation were about 80 

per cent.

The loop was designed for a maximum pressure of 50 kg/cm^, 

and all parts of the loop in contact with the fluid were made of stain

less steel.

The desired static pressure during operations was obtained with 

the help of the feed pump and the automatically controlled valve located 

after the condenser and a blow-off valve placed on a duct connected to 

the loop between the feed pump and the circulating pump.



2. 1 Test Sections
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The cross-sections of the rod clusters employed during the 

present investigation are shown in figure 2, and the most important 

dimensions are given in the table below. "

No of .Rods Rod Diameter Rod Clearance Heated Length Shroud Diameter

3

3

3

7

10.06 mm 

10.06 mm 

10.06 mm 

10.06 mm

6. 4 mm 

6, 4 mm 

6. 4 mm 

6.0 mm

835 mm 

835 mm 

1 670 mm 

1 670 mm

40. 04 mm 

35.03 mm 

35.03 mm 

49.95 mm

The heated length of the rods were adjusted to the correct dimen

sions by inserting copper cylinders in the rods and silver soldering 

the copper to the stainless steel. The rods penetrated to the exterior 

through seals filled in the flanges at the ends of the test section, as 

shown in figure 3, which shows the details of the downstream end 

of the 7-rod cluster. The power was supplied to the rods by means 

of heavy copper electrodes attached to the ends of the copper cylinders. 

Close to the seals, electrical insulators were placed between the rods 

and the flange. The insulators also helped to keep the rods in the 

correct position. For further positioning of the rods, a 1 mm x 1 mm 

ring and three pins were welded to the rods at two axial positions, 

as shown in figure 4. Three glass spacers were also used to fix the 

distance between the cluster and the shroud. Since burnout always 

occurred at the end of the heated section, and the distance between 

the spacer arrangement and the end was 557 mm, the influence on 

burnout of the spacers was negligible.

The water was supplied to the test section through two ducts 

of 20 mm inside diameter, 180 deg apart, which were welded to 

the shroud 1 00 mm below the heated section.

The steam water mixture left the test section through three 

similar ducts, 120 deg apart, welded to the shroud 100 mm above 

the heated section. This arrangement secured angular symmetry 

in the flow through the heated part of the test section.
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2.2 Power Supply

The power was supplied by two direct current generators. The 

maximum available current from each generator was 6000 amps, and 

voltages ranging from 0 to 1 40 volts could be obtained.

2.3 Instrumentation

The flowmeter consisted of 4, 6, 10 and 12 mm ducts of 1 300 mm 

length. The flow rate measurements were based on measuring the 

pressure drop over one of these ducts with a U -tube mercury manometer. 

The accuracy of this flowmeter system was better than 0.5 per cent in 

the whole range of application. A detailed description of the flowmeter 

with the establishment of calibration charts is given in a report by 

Becker and Hernborg (6).

The static pressure in the loop was measured with a precision 

calibrated manometer connected to the inlet of the test section. The 

pressure drop between the inlet and the outlet of the test section was . 

measured with a U -tube mercury manometer.

The fluid temperature was measured before the flowmeter, be

fore the test section and after the test section. This was accomplished 

by means of copper constantan thermocouples mounted in wells 150 

mm deep and of 3 mm inside diameter. A precision Cambridge poten

tiometer was used for measuring the voltages.

The power input was determined by measuring the currents through 

and the voltages over the rods and the shroud.

The voltages were measured with a Goerz precision voltmeter of 

1 /4 per cent rated accuracy, and the currents were obtained by measur

ing the voltages over calibrated shunts. For these measurements a milli- 

voltmeter with a rated accuracy of l/4 per cent was used.

In order to protect the heated parts of the test section burnout de

tectors were attached to all the rods and the outer shroud. If on one of 

the rods an imbalance in average temperature appeared between the last 

two 1 00 mm sections below the upper electrode, the burnout detector
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attached to this rod reacted and the power was shut off. This tempera

ture imbalance appeared suddenly and indicated that burnout conditions 

had been reached on the cylinder to which the reacting detector was • 

attached. It should be noted that burnout always occurred just below 

the end of the heated section.

For the outer shroud one of ;he burnout detector leads was silver 

soldered to the upper electrode and the other two to the outside wall 

of the test section. For the inner rods two of the leads were silver 

soldered to the inside wall of the inner cylinder and taken to the exterior 

through a channel drilled in one of the cylindrical copper bars elongating 

the inner cylinder. The third wire was attached to the upper electrode.

In order to check the accuracy of the instrumentation, heat 

balances for one -phase flow relating the electric heat input to the 

enthalpy increase of water, were taken every day before starting 

ordinary runs. The error of the heat balances was always less than 

- 1 per cent. On the basis of the heat balances, which included measure

ments of heat input, inlet and outlet temperature and mass flow rate, 

we conclude the apparatus and instruments employed should yield satis

factory results for burnout conditions.

3.0 Method of Testing and Burnout Position

Burnout conditions in the annulus may be approached in two 

different ways. The most common method described in published 

works on the subject was during the course of a particular run, to 

keep the mass flow rate, pressure and inlet temperature constant, 

while the surface heat flux was gradually increased until burnout 

occurred. In the other method the surface heat flux is kept constant, 

but instead the mass flow rate is gradually decreased until burnout 

conditions are reached, as indicated by one of the burnout detectors.

During our earlier round duct measurements (l) some data 

were taken with both methods and identical results were obtained. 

Throughout the present study the constant heat flux method was 

employed.
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Keeping pressure, inlet temperature and surface heat fluxes 

constant, burnout conditions were approached by decreasing the mass 

flow rate by small steps. Just before burnout these steps amounted 

to about one per cent of the flow, and one set of data was taken after 

each step. The last set of data obtained before the burnout detectors 

reacted was used to evaluate the burnout conditions. For the three - 

rod clusters burnout appeared simultaneously on the three rods at 

the circumferential positions shown in figure 4. For the seven rod 

cluster, the burnout detectors connected to the outer 6 rods reacted 

simultaneously while the seventh detector connected to the central 

rod remained steady, indicating that burnout occurred on the outer 

rods. Visual inspection of the cluster after the completion of the ex

perimental programme revealed that burnout occurred in the areas 

of the cross-section indicated in figure 5.

4.0 Parameters Influencing Burnout Conditions

For a given geometry of the rod cluster, the burnout conditions 

are defined by the function

f (x, p, t.n, q./A, ) = 0 (1)

The mass velocity, ip/F, is omitted since this quantity is a de

pendent variable determined from the heat balance below when the 

other quantities in equation 1 are fixed

m/F
q/A • L • PR

(h
sat

hin + XBO hfg) F
(2)

The effects of mass velocity can be studied either by employing 

test sections of different lengths or by varying the inlet temperature. 

In the present report the former method has been used for the 3-rod 

cluster studies. In the parameter ranges which have been covered by 

this study, only negligible mass velocity effects can be obtained by 

varying the inlet temperature, and since according to the burnout 

correlation of Becker and Per sson (2), the inlet temperature in it
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self has negligible effects, equation 1 reduces to

f (x, p, q/A, 1) = 0 (3)

. It should be observed that equation 3 applies only to the case 

where equal heat fluxes are applied to the rods and the shroud and to 

the cases where either the rods or the shroud is heated. If different 

heat fluxes are applied to the rods and the shroud, equation 3 may be 

modified to read

fTx, p, (q/A)., (q/A)o (4)

5.0 Research Programme and Range of Variables

The maximum possible pressure at the burnout positions was 
2>

45 kg/cm , and the minimum pressure used during this study was 10 
kg/cm2.

The power supply system limited the maximum heat flux on the 
rods to 225 W/cm2 for the 7-rod cluster. In the case of the 3-rod 

clusters, the seals at the ends of the test sections permitted only 

heat fluxes below 300 W/cm to be used without being damaged by 

overheating. '

The power supply system permitted heat fluxes up to 200 W/cm 

to be applied on the shrouds of the 3-rod clusters. For the 7-rod 
cluster this value was only 100 W/cm2, and it was therefore decided 

in this case to omit the measurements where also the shroud was 

heated.

The highest inlet sub-cooling temperature attainable with the 
present cooler in the loop was 180 °C for a heat flux of 100 W/cm . 

When the heat flux increased, this value decreased. In the case of 

the 7-rod cluster, for instance, the highest sub-cooling temperature 
attainable was 80 °C when the heat flux was 225 W/cm2.

In order to avoid cavitation in the pump the lowest inlet sub
cooling temperature applied was • pproximately 30 °C. For an
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appreciable portion of the present study only small mass velocity 

variations could therefore be achieved by controlling the inlet tem

perature .

Considering the mentioned limitations the experimental program 

comprised the ranges of variables given in table I.

Table I Ranges of Variables

No of 
Rods

He ate d 
Length 

mm

Shroud
Diameter

mm

Pressure

kg/cm2'

Rod
Heat Flux 
w/cmr

Shroud 
Heat Flux 

W/cm^

Inlet Mass
Sub-Cooling Velocity

°C kg/mfs

3 835 40.42 10-46 88-306 0-1 30 59-163 48-544

3 835 35.03 16-38 100-304 0-200 34-184 86-497

3 1670 35.03 16-44 98-300 0-150 5.8-151 186-1 330

7 1670 49.95 1 1 -41 86-227 0 27-1 26 181-882

6.0 Computations

For each run the following quantities were evaluated at the burn

out position, which was defined as the end of the heated surface.

2
1 . Surface heat flux on the rods, (q/A)., W/cm

i 2
2. Surface heat flux on the shroud, (q/A)Q, W/cm
3. Mass velocity, rc/F, kg/m^s

4. Static pressure at the burnout position, p, kg/cm^

5. Steam quality at the burnout position, x^q.

In all, 520 runs were made and the results are given in tables II 

and III.

7.0 Experimental Results for 3-Rod Cluster with a 40 mm Diameter

Shroud

The first 3-rod cluster studied consisted of 10 mm diameter rods 

of 835 mm heated length mounted in a 40 mm inside diameter shroud. 

The relatively large shroud diameter cau"sd the mass velocities to be 

rather low, so that values as low as 50 kg/m s were encountered when
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the surface he at flux was 1 00 W/cm^. At the lowest mass velocities 

much higher burnout values were obtained than one would expect in 

the light of our earlier measurements with annular geometries (5). ' 

This disagreement may be explained by assuming that a change of 

flow pattern takes place below a certain mass velocity, where the 

inter facial shear becomes too small to support a climbing liquid film 

on the walls.

Since the main purpose of the present study is to provide burn

out data applicable to boiling water reactors operating in the film 

flow regime, the shroud was later on replaced by a 35 mm diameter 

shroud in order to increase the mass velocity. .

In the present section the data obtained with the 40 mm diame

ter shroud will briefly be discussed. These data included measure

ments with internal heating, total uniform and total non-uniform 

heating.

7. 1 Internal Heating

The results when only the rods were heated are shown in figure 

6, where the burnout steam quali ies are plotted versus the pressure. 

It can be observed that for a given pressure the burnout steam quali

ty increases quite rapidly as the surface heat flux decreases. Espe

cially at the lowest heat fluxes this increase is extremely large, and 

the burnout steam qualities obtained at 1 00 and 125 W/cm are much 

higher than one would predict from our earlier measurements with 

annuli (5). As an explanation of this disagreement we refer to the 

earlier suggestion that a change of flow pattern takes place at the 

low mass velocities encountered during these runs. It seems that 
this change occurs at a mass velocity of approximately 100 kg/m 

sec. We have no suggestion as to the model of this flow pattern, but 

we may refer to it as the low velocity regime.

7.2 Total Uniform Heating

Two series of runs were performed when also the outer shroud
2

was heated. The heat fluxes employed were 100 and 125 W/cm , and 

the results are shown in figure 7 together with curves indicating the
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burnout conditions for round ducts at the same heat fluxes and mass 

velocities. The round duct curves were obtained by means of the data 

in reference (l , 2). It will be observed that although the total peri

meter of the rod cluster is heated, the rod cluster data are low by a 

factor of * I .30 compared with the round duct data. This difference 

is a geometrical effect caused by the influence of the cross-section 

geometry on the velocity and shear stress distribution in the channel.

It should also be emphasized that burnout always occurred on 

the rods just below the end of the heated section at the positions in

dicated in figure 4. .

7.3 Total Non-Uniform Heating

Having observed that burnout always occurred on the rods when 

the channel was totally, uniformly heated, the question arose as to 

how much the outer shroud may be overloaded as compared with the 

rods before burnout occurs on the shroud.

In order to answer this question, one series of experiments was 

performed where the heat flux on the shroud was kept constant at 125 

W/cm , while the heat flux of the inner rods was varied from run to 
run. The pressure was 31 kg/cm^, and tht results are shown in figu

re 8. For a rod heat flux of 83 W/cm^, burnout occurred simultaneous

ly on the rods and the shroud, indicating an overload ratio, (q/A)^/
/(q/A)^, of 1.50. When (q/A)^ < 83 W/cm^ burnout occurred on the 

shroud only, and when (q/A). > 83 W/cm^ the rods experienced burn

out. One should also observe that the highest burnout steam qualities 

were obtained when burnout occurred simultaneously on all surfaces. 

This is in agreement with our earlier measurements with annular test 

sections (5).

The effects of varying the heat flux on the shroud was also studi

ed. Figure 9 shows the results obtained when the rod heat flux was 

1 96 W/cm . For all the runs in this figure burnout occurred on the 

inner rods. It will be observed that as the heat flux on the shroud in

creases the burnout conditions for the rod cluster improves.
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Comparing the shape of the curve for zero he at flux on the

shroud with the other curves, one observes that up to a pressure of
2 2 

30 kg/cm the agreement is good. At 30 kg/cm , however, the

burnout steam quality starts to increase quite rapidly, indicating

that a change of flow pattern has taken place and that we now are

in the low velocity regime.

8.0 Experimental Results for 3-Rod Clusters with 35 mm Shrouds

Since it also was desirable to establish burnout measurements 

at higher mass velocities than at the values which were possible 

with the test section reported in the previous paragraph, two test 

sections were built, where the diameter of the outer shroud was re

duced to 35 mm. The heated lengths of these clusters were 835 mm 

and 1670 mm, and the rod diameter and the rod clearance were as 

before, 10 mm and 6 mm respectively.

Experiments were performed for both test sections in-respect 

of internal heating only as well as in respect of total uniform and 

total non-uniform heating. In the following paragraphs examples of 

the results will be shown. As regards the remaining data we refer 

to table II.

8. 1 Internal Heating

Figure 10 shows the results obtained with the 835 mm long 

test section when only the inner rods were heated. It is interest

ing to compare these data with the previous results for the 40 mm 

outer shroud test section. For the highest heat fluxes of 250 and 

300 W/cm“ the agreement is excellent. However, as the heat flux 

decreases, and therefore likewise the mass velocity, a difference 
between the two sets of results appears, and for 100 W/cra^ the 

burnout steam qualities obtained with the 40 mm diameter shroud 

are twice the values obtained with the 35 mm shroud. This large 

difference is considered to be a verification of the earlier discussed 

assumption that a change of flow pattern occurs at certain low mass 

velocities, where the vapour shear is too small to support the liquid 

film on the unheated wall.
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Figure 1 1 shows the results for internal heating of the 1 670 mm 

long test section, and in figure 12 a comparison between the 835 and 

1 670 mm test sections is given for a pressure of 30 kg/cm'H The 

burnout steam quality is here plotted versus the surface heat flux . 

The mass velocities are also indicated in the figure. One observes 
that for mass velocities below 500 kg/m^s the burnout steam 

quality and heat flux are independent of the mass velocity. However, 

above this value an increasing and inverse mass velocity effect 

appears. This is consistent with our earlier round duct measure
ments (l) where we found that for m/F ^ 500 kg/m^s the burnout 

steam quality is independent of the mass velocity, and that above 

this value the inverse mass velocity effect followed the relation 
q/A (m/F) ^ ‘ ^. In the present case the data are too meagre for 

the exponent for the mass velocity effect to be accurately determined

The results of our efforts to study the mass velocity effect by 

altering the inlet temperature are shown in figure 13, where the 

burnout steam quality is plotted versus the mass velocity. One ob

serves that although the mass velocity varied between 210 and 430 
kg/m^s no effect is visible, which is in agreement with the previous 

discussion. It would have been desirable to perform similar measu

rements at higher mass velocities. However, then the total power 

would also be larger and then, unfortunately, the cooler in the loop 

would not be able to deliver a sufficient range of sub-cooling tempe

rature s.

One should also note that the results in figures 10 and 1 1 , 

owing to the unheated shroud are rather low compared with round 

duct data. In figure 14 this comparison is given for the shortest rod 

cluster at a pressure of 30 kg/cm'H The round duct burnout qualities 

were obtained by means of the correlation by Becker and Persson 

(2) at the same heat fluxes and mass velocities as the corresponding 

rod cluster points. It is observed that the round duct data are high 

by a factor 2-4 compared with the rod cluster data.

8.2 Total Uniform Heating

Figure 15 shows the results obtain* d for total uniform heating 

of the 835 mm long cluster, and a comparison with corresponding
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round duct data at a pressure of 30 kg/cm is given in figure 16, 

which indicates that the round duct data are high by a factor of 

about 1 . 3 compared with the rod cluster results. This difference 

can be considered to be the true effect of the cross section geome

try.

8. 3 Total Non-Uniform Heating

Measurements were also made with the present rod clusters 

using different he at fluxes on the rods and the shroud.

For the 835 mm long test section three series of runs were 

performed where the inner surface heat flux was kept at a certain 

value while different values for the heat flux on the shroud were 

chosen. The heat flux on the rods for these series were 100, 1 45 
and 189 f/cra^ respectively. The results for the last two series 

are given in figure 1 7 and 18. It will be observed that as the he at 

flux on the shroud increases, the burnout values for the cluster 

improve rapidly, and' also that a significant overload of the shroud 

is possible. For the highest shroud heat flux the overload ratio 

(q/A /q/A^) was •** 1.25, and it should be emphasized that even 

at this overload of the shroud burnout occurred on the rods.

The effect of the shroud heat flux on burnout quality is more 

clearly demonstrated in figure 19, where the burnout quality for a 
pressure of 30 kg/cm^, is plotted versus the outer surface heat 

flux with the inner surface heat flux as the parameter.

9.0 Results for a 7-Rod Cluster

The 7-Rod cluster consisted of 10 mm rods of 1670 mm 

heated length mounted in a 50 mm inside diameter tube. The 

rod clearance was 6 mm.

The measurements were performed in respect of heating the 
rods only, and he at fluxes from 88 to 227 W/cm^ were used.

The results are shown in figure 20 and a comparison with 

burnout in round ducts is given in figure 21 for a pressure of 
40 kg/cm^.
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Since only one 7-rod cluster geometry was studied, the influ

ence of mass velocity could only be investigated by varying the inlet 

temperature. However, as previously mentioned this procedure per

mitted in the present case only relatively small mass velocity varia

tions to take place, For a series of runs performed at a pressure of 
30 kg/cm and at a heat flux of 1 25 W/cm , a mass velocity varia
tion from 263 to 390 kg/m^ s was obtained when the inlet subcooling 

temperature changed from 35 °C to 1 26 °C. The results of these 

measurements, which are given in figure 12, show that the effect of 

mass velocity in the range studied is negligible.

10.0 Burnout Correlation for Rod Cluster s

In the previously mentioned paper (5) concerning burnout in

annuli we suggested that burnout for internally heated rod clusters 

could be correlated by an expression on the form

XgQ ~ xj^j[) » 9/^) (5)

where x^^ is the burnout steam quality for flow in a round duct ob
tained at the same mass velocity and surface heat flux, and f^ (1} , q/A) 

is a factor which is a function of the heat flux and the pe
rimeter ratio, T) = P^/P . Further, it was also proposed that for 

accurate computations another correction factor 1 % (geometry) 

should be included in order to account for the fact that totally heated 

annuli and rod clusters may show lower values than round duct value s 

obtained under corresponding conditions. Equation 5 then becomes

XBO = %RD ' fi ft » q/A) * 9 2 (geometry) (6)

In the present derivation it is assumed that f^ (9 , q/A) can be 

written T| • T| ^ (q/A), where 9 ^ (q/A) is a function of q/A only. One 

then obtains

xBO “ XRD * ^ ^ 1 T|
2
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, The geometrical correction factor, was determined from

the burnout data obtained for totally heated annuli and rod clusters, 

plotting ^ = xBO^xRD versus the surface heat flux. Figure 22 
shows a plot of the data obtained at a pressure of 30 kg/cm^. Although 

a slight heat flux effect is visible, the data can quite accurately be 

correlated by putting "H = 0.80 for the annuli and "H^ = 0.68 for the 

3-rod clusters. Unfortunately no data are available for total heating 

of the 7-rod cluster, but we assume that the value 0.68 is also applic

able then.

Further, it is assumed that the effect of geometry is the same 

for internally heated test sections as for totally heated test sections, 

so that the values for ^ are also valid in the former case.

The function ^ (q/A) was now established from the experimen

tal data by plotting T| ^ (q/A) = xgo^XRD * ^ * ^2 versus tbe heat flux. 
Figure 23 shows a plot of the data obtained at a pressure of 30 kg/cm^ 

and mass velocities, m/F > 80 kg/m^s.

Similar plots were also made for the data obtained at the pressu
res 20 and 35 kg/cm/ and figure 24 shows a summary of the T| ^ (q/A) 

functions.

The final correlation then becomes

BO xRD (7)

where T)^ *s equal to 0.8 for annuli and 0.68 for 3 and 7-rod clusters, 

i should be taken from the curves in figure 24 and "H is the ratio 

of heated to total perimeter. For the evaluation of x^^ we recommend 

the correlation by Becker and Persson (2) be used.

However, one should note that the solution obtained from 

equation 7 must satisfy the heat balance equation for the test section, 

which was written

m/F =
q/A • L • P.

H

(hsat ~ hin + XBO hfg^ F
(2)
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Predicting burnout conditions therefore involves to find a set of values, 

which satisfies equations 2 and 7. This is in general only possible by 

leaving two of the variables unspecified and determining these vari

ables simultaneously. For the present data the burnout steam quality, 
XBO' anc* th® burnout heat flux, q/A , were predicted in this manner.

In figure 25 the predicted burnout steam qualities for the mea
surements obtained at pressures of 30 t 2.5 kg/cm^ are plotted versus 

the measured values, and in figure 26 the same comparison is given 

in terms of the surface heat fluxes. Our data for annular geometries 

(5, 7) are also included in the figures. Tables IV, V and VI give the 

data together with the predicted values. One should observe that the 

rather limited space in certain areas of figure 26 permitted only about 

50 per cent of the points to be included. The agreement between predic
tions and measurements is excellent, the scatter in terms of q/A 

being less than - 5 per cent and the RMS error is equal to 3.15 per 

cent.

The correlation was also tested by means of the data obtained at 
the pressures of 20 and 35 kg/'cm^'. All runs for pressures 20 t 2.5 

kg/cm^ and 35 - 2. 5 kg/cm^ obtained with annuli and rod clusters 

were included^ and it appeared that in terms of the burnout heat flux, 
q/A, the data were correlated within - 5 per cent, taking T| ^ from

figure 23 and using the same values for T),, as were earlier used for
2 ^ 

correlating the 30 kg/cm data.

Figure 27 shows the comparison for the data obtained at the 

pressure of 20 kg/cm .

The correlation was finally checked by means of data obtained 

at the Atomic Power Division of ASEA in Vasteras, Sweden (8). These 

measurements were obtained in an annulus with an inner diameter of 

1 3. 9 mm, an outside diameter of 34.5 mm and a heated length of 4220 

mm. One should observe that this geometry differs considerably from 

the geometries employed for the establishment of the present corre

lation.

In table VII the ASEA data are given together with the predicted 

values for burnout steam quality, enthalpy and burnout heat flux, and 

in figure 28 the measured burnout heat fluxes are plotted versus the 

predicted values. The agreement between predictions and measure -
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merits is excellent, as the RMS error is 2.5 3 per cent and the maxi
mum scatter is except for a few points within £ 5 per cent.

One should observe that the correlation is also applicable in 

the case of totally and uniformly heated channels, where fl ■ H j = 1 • 0 

and for round ducts were 1 ^ 1.0 . In the latter case equa

tion 7 reduces to the round duct correlation. Considering the fact 
that also our round duct measurements were correlated within £ 5 

per cent (3), we conclude that a correlation has been derived, which 
predicts within £ 5 per cent all our burnout measurements, or more 

than 5000 data points. These points cover the geometries of round 

ducts, annuli, 3 -rod and 7-rod clusters, and the cases of internal 

as well as total uniform heating are included.
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Nomenclature

Symbol Definition

d. Diameter of Rods1

d Diameter of Shroudo

F

h.in

^sat

L

m

m/F

(q/A)i

P

P

P

t

H

tin

4t sub

xBO

XRD

vi

Channel cross-section

Burnout Enthalpy

Latent heat of evaporation

Inlet enthalpy

Saturation enthalpy

Heated length

Mass flow rate

Mass velocity

Surface heat flux on rods

Surface heat flux on shroud

Pre ssure

Perimeter

Heated perimeter

Temperature

Inlet temperature

Inlet sub -cooling temperature

Burnout steam quality

Burnout quality for round duct

Perimeter ratio

Correction factor

Correction factor

Units

m

m

2m

KJ/kg 

KJ/kg 

KJ/kg 

KJ/kg 

m 

kg/ s 

kg/m2s 

W/cm2 

W/cm2 

kg/cm2 

m

m

Dimensionle ss 

Dimensionle ss 

Dimensionle s s 

Dimensionle s s

Dimensionless
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Table It. Burnout in 3-Rod Clusters

Ron

No

di

mm

d
0

mm

B

mm

L

mm

P

kg/cm2

^‘sub

°C

m/F

kg/m2e

(1/A),

ff/cm2

<q/A)o

ff/cm2

*B0 hB0

kJAg

1 10.01 40.42 6 835 30.0 131.0 97.4 97.0 102.0 0.683 2226

2 10.01 40.42 6 835 31.0 142.0 96.4 95.6 102.0 0.664 2196

3 10.01 40.42 6 835 35.0 140.0 102.2 95.8 103.5 0.627 2145

4 10.01 40.42 6 835 35.0 144.0 96.4 95.8 103.5 0.677 • 2233

5 10.01 40.42 6 835 35.0 150.0 97.4 95.8 102.5 0.647 2179

6 10.01 40.42 6 835 41.0 151.0 95.5 97.2 104.4 0.694 2280

7 10.01 40.42 6 835 41.0 149.0 96.4 97.3 104.4 0.689 2272

8 10.01 40.42 6 835 26.0 98.0 114.6 97.0 105.0 0.614 2085

9 10.01 40.42 6 835 26.0 98.0 114.6 97.0 105.0 0.614 2085

10 10.01 40.42 6 835 21.0 94.0 115.5 97.2 104.0 0.601 2035

11 10.01 40.42 6 835 21.0 93.0 115.5 97.2 103.5 0.601 2035

12 10.01 40.42 6 835 16.0 77.0 118.4 97.0 103.0 0.600 2002

13 10.01 40.42 6 835 16.0 75.0 120.3 97.0 103.0 0.592 1987

14 10.01 40.42 6 835 31.0 116.0 99.3 94.9 100.2 0.681 2226

15 10.01 40.42 6 835 31.0 110.0 103.1 100.5 107.6 0.723 2301

16 10.01 40.42 6 835 21.0 92.0 110.8 95.6 104.9 0.639 2107

17 10.01 40.42 6 835 21.0 98.0 111.7 95.6 104.5 0.617 2065
18 10.01 40.42 6 835 15.5 86.0 113.6 95.1 104.5 0.612 2022
19 10.01 40.42 6 835 16.5 85.0 116.5 95.1 104.5 0.597 2000

20 10.01 40.42 6 835 36.0 129.0 100.3 98.0 106.4 0.700 2276

21 10.01 40.42 6 835 36.0 134.0 102.2 98.0 105.5 0.664 2213
22 10.01 40.42 6 835 22.0 - 125.0 - -102.2 97.7 107,0 0.660 2152
23 10.01 40.42 6 835 23.0 126.0 99.3 97.7 106.4 0.685 2203
24 10.01 40.42 6 835 21.0 122.0 101.2 97.3 105.5 0.664 2154
25 10.01 40.42 6 835 30.5 103.0 132.3 122.0 125.9 0.664 2194

26 10.01 40.42 6 835 30.5 103.0 133.7 122.0 129.1 0.668 2201
27 10.01 40.42 6 835 35.5 130.0 127.8 121.4 125.2 0.638 2166
28 10.01 40.42 6 835 35.5 128.0 127.8 120.8 126.4 0.646 2180
29 10.01 40.42 6 835 26.0 111.0 136.4 120.6 130.0 0.620 2097
30 10.01 40.42 6 835 26.0 115.0 136.4 120.6 128.5 0.605 2069

31 10.01 40.42 6 835 21.0 100.0 137.3 119.8 128.9 0.621 2073
32 10.01 40.42 6 835 20.0 99.0 140.2 119.8 125.7 0.591 2010
33 10.01 40.42 6 835 20.0 95.0 138.5 119.8 124.8 0.606 2039
34 10.01 40.42 6 835 41.0 143.0 125.1 121.2 127.0 0.646 2197
35 10.01 40.42 6 835 41.0 148.0 128.0 121.2 128.0 0.615 2145

36 10.01 40.42 6 835 31.0 104.0 139.4 125.5 129.5 0.641 2154
37 10.01 40.42 6 835 31.0 85.0 135.6 124.5 129.7 0.709 2276
38 10.01 40.42 6 835 11.0 128.0 48.0 88.2 0 0.422 1607
39 10.01 40.42 6 835 10.5 134.0 66.0 100.5 0 0.291 1338
40 10.01 40.42 6 835 14.7 143.0 57.2 102.0 0 0.378 1560

41 10.01 40.42 6 835 18.1 152.0 61.4 102.0 0 0.315 1472
42 10.01 40.42 6 835 22.2 163.0 42.9 100.9 0 0.573 1989
43 10.01 40.42 6 835 25.7 160.0 38.4 101.6 0 0.707 2254
44 10.01 40.42 6 835 29.5 161.0 34.1 101.3 0 0.850 2525
45 10.01 40.42 6 835 10.3 124.0 68.8 99.4 0 0.282 1316

46 10.01 40.42 6 835 14.0 137.0 61.1 101.4 0 0.342 1482
47 10.01 40.42 6 835 17.8 146.0 47.8 100.9 0 0.504 1831
48 10.01 40.42 6 835 22.8 158.0 34.4 100.5 0 0.815 2444
49 10.01 40.42 6 835 17.5 63.0 112.8 127.3 0 0.297 1431
50 10.01 40.42 6 835 17.0 76.0 105.2 128.4 0 0.304 1440

51 io.oi 40.42 6 835 23.0 97.0 87.0 128.4 0 0.365 1608
52 10.01 40.42 6 835 22.0 101.0 88.5 128.4 0 0.345 1563
53 10.01 40.42 6 835 26.0 110.0 76.5 129.2 0 0.426 1741
54 10.01 40.42 6 835 27.0 112.0 71.7 129.2 0 0.470 1826
55 10.01 40.42 6 835 33.0 136.0 66.9 129.2 0 0.476 1870

56 10.01 40.42 6 635 36.5 151.0 61.2 127.5 0 0.510 1947
57 10.01 40.42 6 835 37.5 153.0 47.9 125.3 0 0.738 2346
58 10.01 40.42 6 835 37.0 145.0 51.3 124.3 0 0.672 2230
59 10.01 40.42 6 835 39.0 148.0 50.3 124.3 0 0.690 2267
60 10.01 40.42 6 835 44.0 155.0 48.0 123.9 0 0.731 2350



Table II. Burnout in 3-Rod Clusters

Hun

No

di

mm

d
0

mm

8

mm

L

mm

P

kg/cm2

<3 m/F

kg/m2s

(q/A).

W/cm2 W/cm2

XBO hBO

kj/kg

61 10.01 40.42 6 835 41.0 151.0 48.5 123.9 0 0.723 2329

62 10.01 40.42 6 835 43.0 154.0 48.2 123.2 0 0.720 2330

63 10.01 40.42 6 835 36.0 143.0 55.5 122.0 0 0.578 2063

64 10.01 40.42 6 835 36.0 143.0 55.4 123.9 0 0.594 2092

65 10.01 40.42 6 835 31.0 135.0 60.4 123.2 0 0.522 1942

66 10.01 40.42 6 835 25.0 85.0 185.0 193.2 0 0.il8 1352

67 10.01 40.42 6 835 24.5 90.0 188.3 193.2 0 0.199 1313

68 10.01 40.42 6 835 21.5 94.0 180.0 193.2 O' 0.209 1303

69 10.01 40.42 6 835 21.5 98.0 180.0 193.2 0 0.200 1286

70 10.01 40.42 6 835 26.5 113.0 158.3 193.2 0 0.227 1381

71 10.01 40.42 6 835 26.5 109.0 159.5 193.2 0 0.232 1390

72 10.01 40.42 6 835 31.5 119.0 145.5 195.4 0 0.265 1487

73 10.01 40.42 6 835 32.0 116.0 144.5 195.2 0 0.276 1509

74 10.01 40.42 6 835 36.0 125.0 134.3 195.2 0 0.299 1577

75 10.01 40.42 6 835 36.5 129.0 134.3 194.4 0 0.287 1559

76 10.01 40.42 6 835 42.0 139.0 120.0 192.7 0 0.334 1671

77 10 01 40.42 6 835 39.0 140.0 122.2 192.2 0 0.316 1624

78 10.01 40.42 6 835 42.5 145.0 115.0 192.2 0 0.348 1698

79 10.01 40.42 6 835 45.0 151.0 103.0 192.2 0 0.422 1834

80 10.01 40.42 6 835 43.0 149.0 109.0 191.7 0 0.378 1751

81 10.01 40.42 6 835 38.5 142.0 118.0 191.2 0 0.332 1648

82 10.01 40.42 6 835 24.5 59.0 275.2 246.8 0 0.219 1348

83 10.01 40.42 6 835 19.5 60.0 329.0 250.2 0 0.160 1190

84 10.01 40.42 6 835 22.5 80.0 279.3 249.3 0 0.168 1236

85 10.01 40.42 6 835 20.0 73.0 320.1 249.3 0 0.138 1154

86 10.01 40.42 6 835 26.0 91.0 256.0 249.3 0 0.176 1283

87 10.01 40.42 6 835 28.5 95.0 242.0 249.3 0 0.190 1329

88 10.01 40.42 6 835 35.0 106.0 212.0 249.3 0 0.225 1441

89 10.01 40.42 6 835 31.0 102.0 223.0 250.4 0 0.212 1389

90 10.01 40.42 6 835 37.0 117.0 210.0 252.1 0 0.209 1427

91 10.01 40.42 6 835 41.5 122.. 194.0 251.0 0 0.237 1504

92 10.01 40.42 6 835 40.0 122.0 186.3 251.0 0 0.261 1535

93 10.01 40.42 6 835 46.5 131.0 172.0 249.9 0 0.286 1615

94 10.01 40.42 6 835 44.0 130.0 176.0 249.9 0 0.274 1580

95 10.01 40.42 6 835 21.5 64.0 338.0 244.8 0 0.136 1167

96 10.01 40.42 6 835 26.0 .81.0 268.5 246.2 0 0.176 1282

97 10.01 40.42 6 835 33.0 103.0 231.5 248.2 0 0.188 1361

98 10.01 40.42 6 835 33.0 103.0 236.2 248.2 0 0.179 1345

99 10.01 40.42 6 835 35.5 117.0 223.0 256.1 0 0.187 1378

100 10.01 40.42 6 835 37.0 118.0 210.0 252.1 0 0.207 1423

101 10.01 40.42 6 835 35.0 107.0 216.0 249.3 0 0.214 1420

102 10.01 40.42 6 835 19.5 67.0 497.3 298.3 0 0.080 1039

103 10.01 40.42 6 835 25.5 89.0 340.1 298.3 0 0.141 1214

104 10.01 40.42 6 835 27.5 76.0 379.0 300.1 0 0.136 1223

105 10.01 40.42 6 835 32.5 86.0 331.0 300.8 0 0.160 1307

106 10.01 40.42 6 835 31.0 88.0 351.7 301.4 0 0.134 1248

107 10.01 40.42 6 835 36.5 97.0 310.2 299.8 0 0.157 1332

108 10.01 40.42 6 835 41.0 108.0 277.1 299.2 0 0.178 1399

109 10.01 40.42 6 835 46.0 114.0 252.5 299.8 0 0.209 1484

110 10.01 40.42 6 835 44.5 113.0 269.3 299.8 0 0.179 1424

111 10.01 40.42 6 835 38.0 103.0 301.0 298.2 0 0.152 1335

112 10.01 40.42 6 835 44.5 113.0 270.3 297.7 0 0.174 1415
113 10.01 40.42 6 835 37.8 103.0 313.6 298.6 0 0.136 1304

114 10.01 40.42 6 835 39.0 103." 298.1 299.8 0 0.158 1352

115 10.01 40.42 6 835 34.0 94.0 326.0 301.4 0 0.147 1296

116 10.01 40.42 6 835 30.5 87.0 359.2 302.6 0 0.130 1238

117 10.01 40.42 6 835 29.5 82.0 376.4 302.0 0 0.125 1221

118 10.01 40.42 6 835 26.5 74.0 418.0 303.2 0 0.113 1172

119 10.01 40.42 6 835 27.5 75.0 372.1 303.2 0 0.148 1244

120 10.01 40.42 6 835 24.0 66.0 432.9 304.5 0 0.123 1168



Table II, Burnout in 3-Rod Clusters

Hun

No

di

mm

dO
mm

8

mm

L

mm

P

kg/cm2

^‘sub

°C

m/F

kg/m2s

(q/A),

W/cm2

<q/A)o

W/cm2

*BO hB0

kj/kg

121 10.01 40.42 6 835 20.0 55.0 523.5 306.3 0 0.101 1085

122 10.01 40.42 6 835 19.5 53.0 544.1 305.1 0 0.096 1070
123 10.01 40.42 6 835 19.5 67.0 497.1 298.3 0 0.080 1040
124 10.01 40.42 6 , 835 27.5 76.0 388.8 300.1 0 0.127 1208
125 10.01 40.42 6 835 32.5 89.0 338.3 300.8 0 0.144 ' 1280

126 10.01 40.42 6 835 31.0 89.0 358.6 301.4 0 0.124 1232

127 10.01 40.42 6 835 27.5 73.0 382.0 303.2 0 0.144 1237
128 10.01 40.42 6 835 31.0 125.0 162.3 195.6 37.4 0.324 1588
129 10.01 40.42 6 835 31.0 136.0 161.4 192.7 37.3 0.294 1535
130 10.01 40.42 6 835 31.0 140,3 160.4 192.6 36.6 0.286 1521

131 10.01 40.42 6 835 36.0 137.0 160.4 199.1 36.0 0.310 1595
132 10.01 40.42 6 835 36.0 139.0 162.3 198.6 36.2 0.297 1572
133 10.01 40.42 6 835 41.0 150.0 156.6 198.6 36.0 0.295 1598
134 10.01 40.42 6 835 41.0 149.0 157.4 198.6 35.4 0.291 1593
135 10.01 40.42 6 835 26.0 110.0 188.3 200.7 36.2 0.277 1467

136 10.01 40.42 6 835 26.0 110.0 189.7 201.2 36.7 0.275 1464
137 10.01 40.42 6 835 21.0 90.0 219.8 201.2 37.4 0.246 1368
138 10.01 40.42 6 835 21.0 92.0 220.6 201.2 36.2 0.237 1351
139 10.01 40.42 6 835 16.0 75.0 345.4 201.2 37.4 0.229 1284
140 10.01 40.42 6 835 16.0 81.0 237.8 200.7 38.1 0.229 1285

141 10.01 40.42 6 835 30.0 98.0 205.3 197.6 74.3 0.359 1644
142 10.01 40.42 6 835 30.0 104.0 208.2 193.1 78.1 0.337 1606
143 10.01 40.42 6 835 35.0 123.0 188.1 194.1 79.4 0.367 1689
144 n.oi 40.42 6 835 35.0 116.0 189.1 195.4 80.3 0.386 1722
145 10.01 40.42 6 835 41.0 138.0 175.7 194.1 81.1 0.389 1760

146 10.01 40.42 6 835 41.0 137.0 175.7 195.4 80.9 0.394 1768
147 10.01 40.42 6 835 26.0 99.0 218.7 193.1 81.7 0.327 1559
148 10.01 40.42 6 835 26.0 108.0 206.3 193.1 81.1 0.339 1581
149 10.01 40.42 6 835 26.0 110.0 205.3 195.6 81.7 0.344 1590
150 10.01 40.42 6 835 21.0 96.0 220.6 195.6 78.9 0.322 1511

151 10.01 40.42 6 835 21.0 91.0 226.3 199.7 78.9 0.327 1520
152 10.01 40.42 6 835 30.0 109.0 218.7 197.6 120.0 0.414 1743
153 10.01 40.42 6 835 31.0 124 0 100.3 78.2 125.9* 0.728 2310
154 10.01 40.42 6 835 31.0 122.0 102.2 78.7 125.9* 0.715 2288
155 10.01 40.42 6 835 31.0 125.0 101.2 83.1* 125.9* 0.737 2326

156 10.01 40.42 6 835 31.0 124.0 101.2 83.1* 125.9* 0.739 2330
157 10.01 40.42 6 835 31.0 124.0 101.2 88.7 125.3 0.759 2366
158 10.01 40.42 6 835 31.0 119.0 105.0 88.7 125.3 0.732 2317
159 10.01 40.42 6 835 29.0 117.0 115.4 96.6 125.3 0.668 2195
160 10.01 40.42 6 835 35.0 134.0 III.7 96.3 125.3 0.672 2224

161 10.06 35.03 6 835 28.5 90.0 149.6 104.3 102.9 0.676 2208
162 10.06 35.03 6 835 26.0 83.0 151.0 105.2 101.8 0.676 2198
163 10.06 35.03 6 835 31.0 97.0 146.9 105.0 101.8 0.680 2224
164 10.06 35.03 6 835 31.0 91.0 149.6 102.7 103.0 0.673 2212
165 10.06 35.03 6 835 31.0 88.0 151.0 104.1 104.7 0.686 2235
166 10.06 35.03 6 835 37.5 100.0 144.3 105.0 102.7 0.708 2295
167 10.06 35.03 6 835 36.0 96.0 155.4 105.0 103.1 0.647 2184
168 10.06 35.03 6 835 21.5 59.0 167.9 103.6 104.1 0.636 2103
169 10.06 35.03 6 835 21.0 61.0 163.8 105.1 103.9 0.653 2134
170 10.06 35.03 6 835 16.0 49.0 167.9 103.2 102.5 0.634 2068
171 10.06 35.03 6 835 16.0 49.0 162.4 102.9 103.1 0.660 2119
172 10.06 35.03 6 835 26.0 78.0 238.1 143.0 143.6 0.581 2025
173 10.06 35.03 6 835 26.0 35.0 235.4 142.2 143.6 0.572 2008
174 10.06 35.03 6 835 31.0 95.0 229.9 141.3 147.4 0.584 2053
175 10.06 35.03 6 835 31.0 98.0 225.7 140.9 146.5 0.591 2065
176 10.06 35.03 6 835 36.0 105.0 221.6 141.7 149.6 0.611 2121
177 10.06 35.03 6 835 36.0 106.3 223.0 141.3 148.4 0.593 2090
178 10.06 35.03 6 835 21.0 66.0 256.0 143.9 145.0 0.550 1940
179 10.06 35.03 6 835 21.0 62.0 256.0 143.5 147.6 0.565 1968
180 10.06 35.03 6 835 16.0 51.0 267.0 142.2 148.3 0.547 1900



Table II. Burnout in 3-Rod Clusters

Run

No

di

mm

d
O

mra

8

mm

L

mm

P

kg/cm2 °C

m/F

kg/m2s

(q/A).

W/cm2

WA).

W/cm2

XB0 hB0

kj/kg

181 10.06 35.03 6 835 16.0 58.0 269.8 142.2 150.9 0.531 1869

182 10.06 35.03 6 835 32.5 104.0 91.9 103.6 0 0.425 1778

183 10.06 35.03 6 835 29.0 96.0 101.9 103.2 0 0.371 1659

184 10.06 35.03 6 835 28.0 92.0 104.5 102.1 0 0.358 1629

185 10.06 35.03 6 835 25.5 81.0 109.3 101.6 0 0.352 1603

186 10.06 35.03 6 835 22.6 69.0 117.7 101.6 0 0.338 1554

187 10.06 35.03 .6 835 21.8 62.0 124.3 101.2 0 0.325 1523

188 10.06 35.03 6 835 27.0 6.0 104.9 100.5 0 0.364 1634

189 10.06 35.03 6 835 30.5 83.0 105.4 100.0 0 0.364 1657

190 10.06 35.03 6 835 31.8 89.0 99.2 100.0 0 0.387 1706

191 10.06 35.03 6 835 36.5 97.0 91.8 100,0 0 0.422 1794

192 10.06 35.03 6 835 35.5 92.0 92.5 100.0 0 0.428 1799

193 10.06 35.03 6 835 36.0 99.0 88.4 100.3 0 0.445 1831

194 10.06 35.03 6 835 37.0 100.0 86.4 100.3 0 0.460 1863

195 10.06 35.03 6 835 22.0 58.0 217.5 150.4 0 0.262 1408

196 10.05 35.03 6 835 20.8 37.0 251.9 151.2 0 0.257 1388

197 10.06 35.03 6 835 26.0 72.0 203.0 151.7 0 0.265 1447

198 10.06 35.03 6 835 26.0 62.0 192.0 151.7 0 0.315 1537

199 10.06 35.03 6 835 31.0 88.0 181.7 151.9 0 0,283 1516

200 10.06 35.03 6 835 31.0 83.0 185.8 151.7 0 0.284 . 1516

201 10.06 35.03 6 835 34.5 101.0 166.6 150.6 0 0.296 1561

202 10.06 35.03 6 835 37.5 104.0 169.3 151.0 0 0.282 1555

203 10.06 35.03 6 835 36.0 96.0 169.3 151.5 0 0.303 1583

204 10.06 35.03 6 835 31.0 91.0 181.7 152.6 0 0.279 1508
205 10.06 35.03 6 835 26.0 70.0 212.7 152.6 0 0.252 1423

206 10.06 35.03 6 835 26.0 62.0 222.5 151.7 0 0.250 1418
207 10.06 35.03 6 835 16.0 72.0 220.2 150.4 0 0.222 1271

208 10.06 35.03 6 835 22.0 73.0 291.8 194.8 0 0.214, 1318
209 10.06 35.03 6 835 22.0 84.0 279.4 194.8 0 0.206 1303
210 10.06 35.03 6 835 25.0 86.0 269.8 194.8 0 0.217 1350

211 10.06 . 35.03 6 835 28.0 83.0 273.9 196.3 0 0.222 1383
212 10.06 35.03 6 835 31.0 8i.0 273.9 196.3 0 0.227 1416

213 10.06 35.03 6 835 32.5 96.0 245.0 195.7 0 0.242 1453
214 10.06 35.03 6 835 38.0 108.0 228.5 195.7 0 0.250 1503
215 10.06 35.03 6 835 35.5 102.0 235.4 195.7 0 0.248 1484

216 10.06 35.03 6 835 30.0 100.0 249.1 195.7 0 0.224 1403
217 10.06 35.03 6 835 37.5 119.0 213.3 196.7 0 0.264 1525
218 10.06 35.03 6 835 36.0 109.0 224.4 197.2 0 0.261 1510

219 10.06 35.03 6 835 34.5 109.0 228.5 197.2 0 0.251 1482

220 10.06 35.03 6 835 17.0 79.0 340.0 198.8 0 0.152 1147

221 10.06 35.03 6 835 17.0 83.0 333.1 197.3 0 0.147 1139

222 10.06 35.03 6 835 31.0 111.0 301.0 234.0 0 0.193 1355
223 10.06 35.03 6 835 31.0 117.0 297.0 234.0 0 0.186 1341
224 10.06 35.03 6 835 31.0 117.0 301.0 234.0 0 0.179 1330
225 10.06 35.03 6 835 31.0 110.0 325.0 240.9 0 0.174 1320

226 10.06 35.03 6 335 31.0 104.0 331.0 242.5 0 0.182 1336
227 10.06 35.03 6 835 31.0 184.0 213.0 234.1 0 0.223 1407
228 10.06 35.03 6 835 31.0 171.0 240.0 240.0 0 0.191 1352
229 10.06 35.03 6 835 31.0 154.0 261.0 242.1 0 0.186 1342
230 10.06 35.03 6 835 31.0 140.0 264.0 242.1 0 0.211 1387

231 10.06 35.03 6 835 31.0 126.0 285.0 238.2 0 0.194 1356
232 10.06 35.03 6 835 31.0 121.0 287.0 240.2 0 0.206 1378
233 10.06 35.03 6 835 31.0 63.0 406.0 245.2 0 0.202 1371

234 10.06 35.03 6 835 31.0 57.0 420.0 245.2 0 0.205 1376

235 10.06 35.03 6 835 31.0 5c 3 424.0 242.8 0 0.208 1382

236 10.06 35.03 6 835 31.0 101.0 468.0 304.0 0 0.139 1258

237 10.06 35.03 6 835 29.5 92.0 497.0 303.0 0 0.136 1240

238 10.06 35.03 6 835 31.0 93.0 492.0 297.9 0 0.131 1243

239 10.06 35.03 6 835 21.5 67.0 165.2 100.0 123.2 0.695 2215

240 1.0.06 35.03 6 835 21.5 65.0 150.0 99.6 121.7 0.778 23 7I



Table II. Burnout in 3-Rod Clusters

Run

No

di

mm

d
0

mm

s

mm

L

mm

P

kg/cm2

^‘sub

°C

m/F

kg/m2s

(1/A),

W/cm2

c/A),

W/cm2

*B0 bB0

kj/kg

241 10.06 35.03 6 835 26.5 76.0 150.0 102.0 121.4 0.778 2386

242 10.06 35.03 6 835 26.5 78.0 150.0 101.2 120.2 0.764 2361

243 10.06 35.03 6 835 32.0 89.0 152.5 100.7 122,3 0.745 2344

244 10.06 35.03 6 835 31.0 88.0 151.0 100.7 122.7 0.757 2361

245 10.06 35.03 6 835 36.0 100.0 152.5 102.5 123.2 0.740 2346

246 10.06 35.03 6 835 36.0 98.0 151.0 103.2 123.2 0.758 2377

247 10.06 35.03 6 835 16.0 59.0 165.2 100.7 122.3 0.694 2184

248 10.06 35.03 6 835 16.0 58. u 167.9 100.7 122.8 0.685 2166

249 10.06 35.03 6 835 31.0 68.0 201.0 144.5 48.1 0.430 1778

250 10.06 35.03 6 835 31.0 80.0 192.7 147.1 47.2 0.432 1782

251 10.06 35.03 6 835 36.0 91.0 187.2 146.9 48.1 0.433 1809

252 10.06 35.03 6 835 36.0 97.0 181.7 146.9 47.9 0.438 1818

253 10.06 35.03 6 835 26.0 74.0 199.6 146.0 49.0 0.421 1732
254 10.06 35.03 6 835 26.0 72.0 203.7 147.8 47.9 0.415 1721
255 10.06 35.03 6 835 21.0 61.0 220.2 148.6 46.8 0.388 1636

256 10.06 35.03 6 835 21.0 61.0 224.4 148.6 46.8 0.378 1617
257 10.06 35.03 6 835 16.0 34.0 260.1 147.8 46.8 0.359 1537
258 10.06 35.03 6 835 15.5 36.0 260.1 148.2 47.4 0,356 1526
259 10.06 35.03 6 835 26.0 75.0 221.6 145.4 102.2 0.523 1919
260 10.06 35.03 6 835 26.0 81.0 216.1 144.3 102.2 0.524 1920

261 10. "6 35.03 6 835 31.0 95.0 205.1 142.2 101.1 0.529 1955
262 10.06 35.03 6 835 31.0 94.0 207.8 141.3 101.4 0.520 1939
263 10.06 35.03 6 835 35.5 107.0 201.0 144.7 99.6 0.525 1969
264 10.06 35.03 6 835 35.5 108.0 201.0 144.7 100.7 0.527 1972
265 10.06 35.03 6 835 21.0 78.0 220.2 143.9 99.9 0.500 1846

266 10.06 35.03 6 835 21.0 78.0 224.4 143.0 99.9 0.485 1817
267 10.06 35.03 6 835 ■ 16.0 57.0 238.1 141.8 100.7 0.482 1775
268 10.06 35.03 6 835 16.5 62.0 240.9 141.3 100.7 0.464 * 1744
269 10.06 35.03 6 835 26.0 80.0 230.6 143.5 175.0 0.697 2237
270 10.06 35.03 6 835 26.0 81.0 230.1 143.0 174.3 0.694 2230

271 10.06 35.03 6 835 31.0 91.v 236.1 142.2 176.7 0.664 2196
272 10.06 35.03 6 835 31.0 96.0 235.9 143.9 177.4 0.660 2188
273 10.06 35.03 6 835 36.5 110.0 226.7 141.7 178.5 0.673 2230
274 10.06 35.03 6 835 36.5 111.0 226.4 141.5 178.9 0.672 2229
275 10.06 35.03 6 835 21.0 69.0 254.6 143.9 170.7 0.615 2062

276 10.06 35.03 6 835 21.0 70.0 254.6 143.9 170.2 0.612 2055
277 10.06 35.03 6 835 16.0 68.0 254.6 145.6 171.8 0.610 2022
278 10.06 35.03 6 835 26.0 81.0 284.9 194.0 63.6 0.359 1619
279 10.06 35.03 6 835 26.0 90.0 279.4 190.3 63.3 0.341 1585
280 10.06 35.03 6 835 31.0 98.0 265.7 193.7 65.1 0.368 1667

281 10.06 35.03 6 835 31.0 104.0 251.9 191.3 62.3 0.374 1678
282 10.06 35.03 6 835 36.0 113.0 240.9 188:8 66.7 0.393 1740
283 10.06 35.03 6 835 36.0 112.0 240.9 190.3 65.2 0.395 1743
284 10.06 35.03 6 835 31.0 107.0 250.5 190.3 64.9 0.376 1681
285 10.06 35.03 6 835 21.0 81.0 298.7 190.3 65.9 0.327 1520

286 10.06 35.03 6 835 21.0 82.0 300.1 189.3 64.6 0.317 1502
287 10.06 35.03 6 835 16.0 63.0 344.1 189.3 66.2 0.293 1408
288 10.06 35.03 6 835 31.0 69.0 330.3 189.8 92.0 0.367 1666
289 10.06 35.03 6 835 31.0 74.0 333.1 191.3 91.1 0.351 1637
290 10.06 35.03 6 835 36.0 81.0 327.6 191.3 89.9 0.344 1656

291 10.06 35.03 6 835 36.0 83.0 329.0 191.3 89.9 0.337 164?
292 10.06 35.03 6 835 26.0 66.0 349.6 190.3 88.2 0.333 1571
293 10.06 35.03 6 835 26.0 71.0 344.1 189.3 126.2 0.404 1700
294 10.06 35.03 6 835 21.0 62 Z' 373.0 190.1 124.7 0.372 1606
295 10.06 35.03 6 835 21.0 68.0 363.4 190.8 125.0 0.374 1609
296 10.06 35.03 6 835 16.0 59.0 395.0 191.3 125.0 0.346 1510
297 10.06 35.03 6 835 16.0 60.0 393.7 191.3 125.0 0.345 1509
298 10.06 35.03 6 835 21.0 66.0 415.7 190,8 199.6 0.432 1718
299 10.06 35.03 6 835 21.0 68.0 412.9 190.8 198.0 0.429 1712
300 10.06 35.03 6 835 16.0 60.0 430.8 190.8 197.4 0.413 1640



Table II. Burnout in 3-Rod Clusters

Run

No

di

mm

d
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301 10.06 35.03 6 835 16.0 70.0 422.6 189.8 197.4 0.400 1616

302 10.06 35.03 6 835 26.0 65.0 375.8 189.6 200.8 0.507 1889

303 10.06 35.03 6 335 26.0 71.0 379.9 188.3 200.8 0.483 1846

304 10.06 35.03 6 835 31.0 84.0 366.1 188.3 200.8 0.486 1877

305 10.06 35.03 6 835 31.0 88.0 366.1 188.3 199.2 0.473 1854

300 10.06 35.03 6 835 36.0 94.0 351.0 186,6 200.0 0.494 1917

307 10.06 35.03 6 835 36.0 96.0 346.9 186.1 200.8 0.499 1925

308 10.06 35.03 6 835 21.0 74-0 385.4 190.8 200.8 0.462 1775

309 10.06 35.03 6 835 21.0 78.0 388.2 190.8 196.9 0.442 1737

310 10.06 35.03 6 835 16.5 67.0 415.7 190.8 198.5 0.420 1659

311 10.06 35.03 6 835 16.5 67.0 415.7 190.8 198.5 0.420 1659

312 10.06 35.03 6 1670 31.0 70.0 382.4 106.0 100.2 0.527 1951

313 10.06 35.03 6 1670 31.0 87.0 366.1 106.6 98.9 0.514 1928

314, 10.06 35.03 6 1670 31.0 114.0 310.8 105.8 98.7 0.578 2042

315 10.06 35.03 6 1670 31.0 116.0 317.0 105.5 99.5 0.559 2007

316 10.06 35.03 6 1670 31.0 52.0 395.0 103.3 98.7 0.535 1965

317 10.06 35.03 6 1670 31.0 78.0 351.0 102.9 98.0 0.551 1994

318 10.06 35.03 6 1670 31.0 102.0 324.8 104.0 96.3 0.551 1995

319 10.06 35.03 6 1670 31.0 133.0 286.3 104.0 96.8 0.591 2065

320 10.06 35.03 6 1670 31.0 151.0 275.3 104.9 97.4 0.593 2070

321 10.06 35.03 6 1670 26.0 66.0 201.7 95.9 0 0.401 1695

322 10.06 35.03 6 1670 26.0 67.0 200.3 95.9 0 0.403 1698
323 10.06 35.03 6 1670 31.0 83.0 205.8 98.9 0 0.372 1674
324 10.06 35.03 6 1670 31.0 82.0 203.0 98.9 0 0.382 1693
325 10.06 35.03 6 1670 36.0 96,0 186.2 98.5 0 0.405 1761

326 10.06 35.03 6 1670 36.0 97.0 191.7 98.5 0 0.383 1723

327 10.06 35.03 6 1670 , 41.0 99.0 184.0 98.1 0 0.406 1789
328 10.06 35.03 6 1670 41.0 11 Q.O 184.7 98.3 0 0.378 " 1740
329 10.06 35.03 6 1670 21.0 58.0 227.8 98.5 0 0.362 1587
330 10.06 35.03 6 1670 21.0 78.0 212.9 98.5 0 0.352 1568

331 10.06 -35.03 6 1670 28.0 73.0 186.2 94.3 0 0.424 1750

332 10.06 35.03 6 1670 31.0 84.0 363.4 151.8 0 0.293 1533
333 10.06 35.03 6 1670 31.0 93.0 366.8 154.3 0 0.275 1501
334 10.06 35.03 6 1670 36.0 98.0 351.0 154.3 0 0.288 1557
335 10.06 35.03 6 1670 36.0 102.0 351.0 155.4 0 0.282 1547

336 10.06 35.03 6 1670 41.0 92.0 353.8 154.5 0 0.301 1609
337 10.06 35.03 6 1670 41.0 90.0 356.5 156.3 0 0.308 1622
338 10.06 35.03 6 1670 32.0 75.0 407.4 156.5 0 0.274 1506
339 10.06 35.03 6 1670 26.0 72.0 424.0 158.7 0 0.266 1448
340 10.06 55.03 6 1670 26.0 72.0 424.0 158.7 0 0.266 1448

341 10.06 35.03 6 1670 21.0 59.0 462.5 158.7 0 0.256 1388

342 10.06 35.03 6 1670 21.0 59.0 457.0 158.7 0 0.261 1397

343 10.06 35.03 6 1670 31.0 68.0 648.3 202.2 0 0.202 1371

344 10.06 35.03 6 1670 31.0 68.0 624.9 196.4 0 0.205 1376

345 10.06 35.03 6 1670 36.0 75.0 594.6 199.7 0 0.215 1430

346 10.06 35.03 6 1670 36.0 78.0 594.6 198.2 0 0.204 1411

347 10.06 35.03 6 1670 41.0 89.0 556.1 200.0 0 0.210 1454

348 10.06 35.03 6 1670 41.0 85.0 558.8 202.2 0 0.223 1476

349 10.06 35.03 6 1670 26.0 88.0 569.9 198.2 0 0.197 1322

350 10.06 35.03 6 1670 26.0 82.0 582.2 197.9 0 0.202 1330

351 10.06 35.03 6 1670 21.0 75.0 678.6 204.7 0 0.172 1229

352 10.06 35.03 6 1670 21.0 75.0 674.5 204.7 0 0.174 1233

353 10.06 35.03 6 1670 31.0 86.0 809.4 248.7 0 0.153 1283

354 10.06 35.03 6 1670 31.0 85.0 812.1 248.7 0 0.154 1285

355 10.05 35.03 6 1670 36.0 100.' 704.8 249.3 0 0.176 1361

356 10.06 35.03 6 1670 36.0 100.0 707.5 249.3 0 0.174 1358

357 10.06 35.03 6 1670 41.0 105.0 688.2 247.4 0 0.169 1385

353 10.06 35.03 6 1670 41.0 106.0 693.7 247.4 0 0.163 1374

359 10.06 35.03 6 1670 26.0 87.0 840.0 249.3 0 0.141 1220

360 10.06 35.03 6 1670 26.0 88.0 842.0 250.7 0 0.138 1214



Table li. Burnout in 3-Rod Clusters

Boh di d
O

s L P m/F (9/A), (q/A)
0 XBO hBO

No roa Util* zzru kg/cm^ °C kg/m"e R/cm^ W/cm^ kj/kg

361 10,86 35.03 6 1670 31.0 65.0 1320.0 299.1 0 0.105 1198

362 10.06 35,03 6 1670 31.0 64.0 1330.0 299.3 0 0.106 1199

363 10.06 35.03 6 1670 31.0 69.0 1185.0 296.2 0 0.124 1231

364 10.06 35.03 6 1670 41.0 80.0 1161.5 298.8 0 0.102 1270

365 10.06 35.03 6 1670 41.0 82.0 1085.0 294.9 0 0.115 1293

866 10.06 35,03 6 1670 31.0 01.0 374.8 105.9 113.3 0.564 2017

867 10.05 35.03 6 1670 31.0 93,0 308.6 106.6 71.2 0.510 1921

S68 10.05 35.03 6 1670 31.0 95.0 299.0 106.6 71.2 0.529 1956

369 10.06 35.03 6 1670 31.0 114 0 209.9 105.8 21.7 0.474 1856

370 20.05 35.03 6 1670 31.0 114.0 310.8 105.8 98.7 0.578 2042

371 10 Cj 35.03 6 1670 31.0 116.0 317.0 105.5 99.5 0.559 2007

372 10.06 35.03 6 1670 32.0 113.0 304.5 105.8 94.0 0.576 2039

373 10.06 35.03 6 1670 31.0 97,0 311,2 105.8 84.3 0.551 1994

374 10.06 35.03 6 1670 31.0 81.0 241.4 106.8 23.8 0.470 1849

375 10.06 35.03 6 1670 31.0 77.0 253.5 105.3 30.9 0.467 1943

376 10.06 35.03 6 1670 31.0 104.0 251.3 105.7 36.5 0.455 1822

377 10.06 35.03 6 1670 31.0 92.0 264.0 105.1 41.7 0.474 1856

378 10.06 35.03 6 1670 31.0 105.0 262.0 105.1 47.3 0.479 1865

379 10.06 35.03 6 1670 31.0 95.0 283.6 104.9 56.2 0.489 1883

380 10.06 35.03 6 1670 31.0 89.0 301.7 104.9 63.7 0.495 1893

381 10.06 35.03 6 1670 31.0 87.0 316.2 104.9 72.1 0.504 1910

382 10.96 35.03 6 1670 31.0 87.0 322.8 104.9 79.4 0.521 1941

303 10.05 35.03 6 1670 31.0 96.0 327.2 105.3 88.5 0.531' 1958

3SO 10.05 35.03 6 1670 31.0 100.0 341.4 104.9 104.7 0.555 2001

385 10.06 35.03 6 1670 31.0 94.0 363.5 104.9 117.6 0.570 2028

886 10.05 35.03 6 1670 31.0 94.0 379.5 104.9 127.2 0.572 2031

887 10.06 35.03 6 1670 31.0 101.0 251.9 102.2 49.6 0.517 1933

338 10.06 35.03 6 1670 31.0 104.0 246.4 101.5 48.8 0.519 1937

389 10.06 35.03 6 1670 31.0 100.0 209.2 100.5 23.7 0.492 1889

390 10.06 35.03 6 1670 31.0 101.0 272.5 99.9 70.7 0.558 2006

891 10.06 35.03 6 2670 31,0 99.0 212.0 102.1 23.7 0.494 1892

392 10.06 35.03 6 1670 31.0 104.0 275.3 100.6 70.1 0.542 1979

393 10.06 35.03 6 1670 21.0 72.0 311.1 100.8 68.8 0.503 1851$C
'J 10.06 35.03 6 1670 21.0 85.0 278.0 101.0 49.5 0.461 1772

395 10.06 35.03 6 1670 21.0 73.0 234.0 99.3 23.7 0.455 1762

396 10.06 35.03 6 1670 - 21.0 79.0 229.9 98.6 23.7 0.450 1751

397 10.06 35.03 6 1670 21.0 90.0 242.3 104.4 28.6 0.447 1747

398 10.06 35.03 6 1670 21.0 93.0 251.9 104.4 36.0 0.455 1761

399 10.06 35.03 6 1670 21.0 92.0 269.8 104.4 43.3 0.449 1750

400 10.06 35.03 6 1670 21.0 91.0 286.3 104.4 49.1 0.440 1734

</j I 10.06 35.03 6 1670 21.0 82.0 307.0 104.4 56.1 0.447 1746

402 10.06 35.03 6 1670 21.0 80.0 330.4 104.4 62.2 0.431 1716

403 10.05 35.03 6 1670 21.0 80.0 335.9 104.4 68.0 0.444 1741

404 10.06 35.03 6 1670 21.0 81.0 330.4 104.7 73.3 0.475 1799

405 10.06 35.03 6 1670 21.0 94.0 331.7 104.2 83.7 0.484 1816

406 10.06 35.03 6 1670 21.0 97,0 353.8 104.9 101.7 0.504 1854

407 10.06 35.03 6 1670 21.0 99.0 382.7 104.9 116.6 0.497 1840

408 10.06 35.03 6 1670 21.0 99.0 399.2 104.9 127.6 0.504 1853

409 10.06 35.03 6 1670 21.0 84.0 279.4 101.2 50.0 0.463 1776

410 10.06 35.03 6 1670 41.0 114.0 262.9 100.1 71.4 0.577 2081

411 10.06 35.03 6 1670 41.0 119.0 257.4 99.6 71.2 0.580 2086

412 10.05 35.03 6 1670 41.0 117,0 193.2 99.0 23.5 0.495 1940

413 10.06 35:03 6 1670 41.0 117.0 196.8 99.0 23.5 0.500 1950

414 10.06 35.03 6 1670 41.0 122.0 223.0 98.0 48.4 0.552 2037

415 10.06 35.03 6 1670 41.0 124.0 218.9 98.2 49.2 0.570 2068

416 10.06 35.03 6 1670 43.0 io:. > 217.5 104.6 25.4 0.508 1971

417 10.06 35.03 6 1670 43.5 115.0 213.4 104.6 29.5 0.520 1993

418 10.06 35.03 6 1670 42.1 102.0 228.5 104.4 35.8 0.535 2014

419 10.06 35.03 6 1670 42.1 105.0 239.5 103.1 43.2 0.529 2003

420 10.06 35.03 6 1670 42.0 115.0 240.9 103.7 51.7 0.555 2047



Table II. Burnout in 3-Rod Clusters

Run d. dQ S L P Atsub m/F (q/A). (q/A)Q XB0 hB0

No mm mm , mm mm kg/cm2 °C kg/m2s W/cm2 W/cm2 kJAg

421 10.06 35.03 6 1670 43.5 102.0 261.5 104.1 58.7 0.563 2066

422 10.06 35.03 6 1670 42.5 101.0 275.3 102.8 68.1 0.567 2068

423 10.06 35.03 6 1670 43.5 101.0 284.9 102.8 74.9 0.575 2086

424 10.06 35.03 6 1670 43.0 90.0 307.0 102.8 84.3 0.586 2104

425 10.06 35.03 6 1670 43.5 89.0 326.2 102.8 94.8 0.542 2031

426 10.06 35.03 6 1670 41.C 90.0 351.0 T 04.4 105.6 0.575 2076

427 10.06 35.03 6 1670 42.0 95.0 362.0 104.2 112.5 0.566 2065

428 10.06 35.03 6 1670 43.0 93.f 378.5 104.2 129.4 0.603 2131

429 10.06 35.03 6 1670 42.0 88.0 374.4 102.8 130.1 0.621 2159

430 10.06 35.03 6 1670 26.0 97.0 256.0 100.1 49.2 0.494 1865

431 10.06 35.03 6 1670 26.0 96.0 251.9 100.4 49.0 0.509 1892

432 10.06 35.03 6 1670 36.0 106.0 268.4 101.0 72.0 0.579 2064

433 10.06 35.03 6 1670 36.0 108.0 265.7 99.8 72.0 0.577 2061

434 10.06 35.03 6 1670 24.5 89.0 279.4 100.8 68.8 0.548 1957

435 10.06 35.03 6 1670 26.0 87.0 279.4 100,2 70.1 0.560 1986

436 10.06 35.03 6 1670 36.0 109.0 203.7 100.3 23.5 0.495 1918

437 10.06 35.03 6 1670 36.0 111.0 203.7 99.4 23.5 0.484 1900

438 10.06 35.03 6 1670 26.0 82.0 228.5 98.5 23.4 0.452 1789

439 10.06 35.03 6 1670 26.0 87.0 228.5 99.6 23.4 0.446 1778

440 10.06 35.03 6 1670 36.0 116.0 235.4 98.7 49.1 0.522 -1965

441 10.06 35.03 6 1670 36.0 117.0 228.5 96.4 48.5 0.528 1976

442 10.06 35.03 6 1670 31.0 105.0 474.9 159.8 68.1 0.347 1630

443 10.06 35.03 6 1670 31.0 107.0 465.2 159.8 68.1 0.355 1644

444 10.06 35.03 6 1670 31.0 79.0 461.1 162.1 37.8 0.340 1618

445 10.06 35.03 6 1670 31.0 75.0 477.6 162.1 37.6 0.330 1600

446 10.06 35.03 6 1670 31.0 79.0 472.1 161.0 37.5 0.324 1588

447 10.06 35.03 6 1670 31.0 89.0 430.8 160.9 35.4 0.343 1623

448 10.06 35.03 6 1670 31.0 87.0 440.5 158.7 42.9 0.353 1641

449 10.06 35.03 6 1670 31.0 81.0 492.8 158.5 50.9 0.329 1598

450 10.06 35.03 6 1670 31.0 74.0 520.3 158.0 60.4 0.342 1621

451 10.06 . 35.03 6 1670 31.0 73Z 546.5 157.1 73.9 0.352 1639

452 10.06 35.03 6 1670 31.0 80.0 556.1 158.9 83.0 0.353 1640

453 10.06 35.03 6 1670 31.0 83.0 556.1 158.5 92.9 0.370 1671

454 10.06 35.03 6 1670 31.0 78.0 596.0 158.5 107.4 0.377 1684

455 10.06 35.03 6 1670 31.0 72.0 649.7 158.5 122.8 0.378 1684

456 10.06 35.03 6 1670 31.0 71.0 666.2 158.5 136.3 0.395 1715

457 10.06 35.03 6 1670 31.0 71.0 693.7 158.5 148.1 0.396 1717

458 10.06 35.03 6 1670 41.0 63.0 496.9 158.0 48.0 0.368 1723

459 10.06 35.03 6 1670 41.0 64,0 534.1 159.8 46.2 0.326 1652

460 10.06 35.03 6 1670 41.0 66.0 565.7 160.3 59.5 0.328 1656

461 10.06 35.03 6 1670 41.0 69.0 590.5 159.2 74.2 0.333 1664

462 .10,06 35.03 6 1670 41.0 71.0 597.4 158.0 91.9 0.363 1715

463 10.06 35.03 6 1670 41.0 67.0 624.9 159.2 105.6 0.384 1750

464 10.06 35.03 6 1670 41.0 72.0 649.7 158.9 121.4 0.384 1751

465 10.06 35.03 6 1670 41.0 72.0 674.5 160.3 133.1 0.391 1763

466 10.06 35.03 6 1670 41.0 67.0 699.2 160.5 149.0 0.417 1807

467 10.06 35.03 6 1670 41.0 103.0 414.3 157.6 38.2 0.338 1672

468 10.06 35.03 6 1670 41.0 104.0 404.7 159.2 38.1 0.355 1701

469 10.06 35.03 6 1670 41.0 117.0 417.1 156.9 69.5 0.408 1792

470 10.06 35.03 6 1670 40.0 109.0 435.0 157.8 70.1 0.402 1777

471 10.06 35.03 6 1670 21.0 82.0 547.8 160.0 68.1 0.313 1493

472 10.06 35.03 6 1670 21.0 67.0 520.3 157.6 36.4 0.286 1443

473 10.06 35.03 6 1670 26.0 92.0 488.6 160.9 68.1 0.359 1618

474 10.06 35.03 6 1670 26.0 93.0 494.2 160.9 68.1 0.350 1602

475 10.06 35.03 6 1670 36.0 111. 448.7 157.6 63.8 0.368 1697

476 10.06 35.03 6 1670 36.0 114.0 452.2 159.8 68.1 0.360 1683

477 10.06 35.03 6 1670 26.0 72.0 485.9 158.5 37.3 0.315 1538

478 10.06 35.03 6 1670 26.0 77.0 470.8 158.2 37.0 0.318 1542

479 10.06 35.03 6 1670 36.0 92.0 419.8 159.2 36.3 0.353 1670

480 10.06 35.03 6 1670 36.0 94.0 410.2 157.6 36.2 0.357 1677



Table III. Burnout in 7-Rod Clusters

Run

No

d.
1

mm

d
0

mm

s

mm

L

mm

P

kg/cm2

AU

°c

m/F

kg/m2s

q/A

W/cm2

XB0 hB0

kJAg

1 10.06 49.95 6 1670 31.0 63.6 181.0 89.6 0.562 2013 ,

2 10.06 49.95 6 1670 31.0 63.6 184.5 90.0 0.551 1994

3 10.06 49.95 6 1670 41.0 61.6 192.4 90.9 0.550 2035

4 10.06 49.95 6 1670 41.0 58.6 195.2 90.9 0.548 2030

5 10.06 49.95 6 1670 31.0 71.6 179.6 89.1 0.544 1981

6 10.06 49.95 6 1670 31.0 49.6 191.6 89.2 0.553 1998

7 10.06 49.95 6 1670 21.0 44.0 202,3 88.3 0.504 1853
8 10.06 49.95 6 1670 21.0 27.0 216.5 88.3 0.504 1854
9 10.06 49.95 6 1670 11.0 49.4 225.7 86.1 0.395 1552

10 10.06 49.95 6 1670 11.0 41.4 234.2 86.2 0.394 1551

11 10.06 49.95 6 1670 31.0 71.6 317.3 125.0 0.393 1712
12 10.06 49.95 6 1670 31.0 70.6 318.0 125.0 0.394 1714
13 10.06 49.95 6 1670 41.0 88.6 296.0 125.6 0.405 1788
14 10.06 49.95 6 1670 41.0 84.6 296.0 126.3 0.419 1811
15 10.06 49.95 6 1670 21.0 59.0 356.3 124.4 0.347 1558

16 10.06 49.95 6 1670 21.0 62.0 357.7 124.3 0.338 1541
17 10.06 49.95 6 1670 31.0 126.0 262.6 126.1 0.391 1708
18 10.06 49,95 6 1670 31.0 111.5 283.2 126.5 0.375 1681
19 10.06 49.95 6 1670 31.0 104.7 286.8 127.5 0.388 1703
20 10.06 49.95 6 1670 31.0 86.6 308.1 125.0 0.374 1678

21 10.06 49.95 6 1670 31.0 57.5 360.6 127.9 0.370 1670
22 10.06 49.95 6 1670 31.0 35.6 389.7 125.3 0.377 1683
23 10.06 49.95 6 1670 31.0 66.6 414.5 149.1 0,355 1643
24 10.06 49.95 6 1670 31.0 64.6 403.2 144.9 0.359 1651
25 10.06 49.95 6 1670 41.0 84.6 356.3 144.5 0.387 1756

26 10.06 49.95 6 1670 41.0 80.6 358.4 143.2 0.388 1758
27 10.06 49.95 6 1670 21.0 41.0 496.9 144.1 0.306 1481
28 10.06 49.95 6 1670 21.0 44.0 496.9 143.1 0.296 1462
29 10.06 49.95 6 1670 31.0 81.6 438.7 162.1 0.333 1604
30 10.06 49.95 6 1670 31.0 79.6 457.9 162.3 0.339 1616

31 10.06 49.95 6 1670 31.0 66.6 544,4 170.1 0.285 1519
32 10.06 49.95 6 1670 31.0 70.6 530.9 167.6 0.280 1510
33 10.06 49.95 6 1670 41.0 82.6 462.8 167,6 0.325 1650
34 10.06 49.95 6 1670 41.0 83.5 442.9 162.9 0.331 1661
35 10.06 49.95 6 1670 21.0 64.0 541.6 166.5 0.277 1427

36 10.06 49.95 6 1670 31.0 79.6 675.7 199.0 0.227 1415
37 10.06 49.95 6 1670 31.0 77.6 672.9 198.6 0.233 1425
38 10.06 49.95 6 1670 41.0 107.6 522.4 199.7 0.293 1595
39 10.06 49.95 6 1670 31.0 67.6 881.5 224.5 ' 0.191 1362
40 10.06 49.95 6 1670 41.0 77.6 780.8 226.5 0.227 1483



Table IV. Measured and Predicted Burnout Conditions in 3-Rod Clusters

Run di d
o

L ^*sub m/F
2

Measured Burnout Values Predicted Burnout Values
j

Error 
in h,,,.

P
2

q/A
9 XBO hBO q/A xBO hBO huTVOT

in q/A
No mm mm mm kg/cm °C kg/m 8 W/cm kJ/kg W/cm2 kJ/kg % %BO

52 10.01 40.42 835 22.0 99.9 88.5 128.4 0.345 1563 117.5 0.298 1488 + 9.3 + 5.0
68 10.01 40.42 835 21.5 93.0 180.0 193.2 0.. 209 1303 192. 1 0.208 1 31 7 + 0.6 -1.0

69 10.01 40.42 835 21.5 96. 8 180.0 193.2 0.200 1286 195.4 0.207 1 315 - i. r -2.2
83 10.01 40.42 835 19.5 58. 3 329.0 250.2 0.160 1190 243.5 0.154 1189 + 3. 5 + 0. 1
85 10.01 40.42 835 20.0 71.8 320. 1 249. 3 0. 1 38 1 154 256.8 0. 149 1190 - 2.9 - 3.0
95 10.01 40.42 835 21.5 62. 1 338.0 244. 8 0,136 1167 252. 1 0.148 1204 - 2.9 - 3. 1

102 10.01 40.42 835 19.5 65.5 497. 3 298. 3 0.080 1039 328. 0 0.106 1104 - 9. 1 - 5. 9
121 10.01 40.42 835 20.0 53. 2 523. 5 306. 3 0.101 1085 308.5 0.108 1112 - 0.7 — 2.4
122 10.01 40.42 835 19.5 51.1 544. 1 305. 1 0.096 1070 316. 5 0. 105 1092 - 3 6 - 2.0
123 10.01 40.42 835 19.5 65.5 497. 1 298.3 0.080 1040 336.0 0.113 1117 - 12.7 - 6. 9
187 10.06 35.03 835 21.8 60.3 124.3 101.2 0. 325 1523 106. 1 0. 352 1590 - 4. 6 -4.2
195 10.06 35.03 835 22.0 5.6.2 217.5 150.4 0.262 1408 149.5 0.263 1423 + 0.6 -1.0
196 10.06 35.03 835 20.8 34. 3 251.9 151.2 0.257 1 388 150.4 0.259 1405 + 0. 5 -1.2

208 10.06 35.03 835 22.0 71.7 291.8 194. 8 0.214 1 318 190.9 0.209 1 322 + 2.0 -0.3

209 10.06 35.03 835 22.0 82.7 279.4 194.8 0.206 1303 194.0 0. 207 1319 + 0. 5 -1.2

341 10.06 35.03 1670 21.0 56. 9 462.5 158. 7 0.256 1 388 149. 6 0.237 1 366 + 6. 1 + 1.6

342 10.06 35.03 1670 21.0 56.9 457.0 158.7 0.261 1397 148.5 0.240 1 371 + 6.9 + 1.9
329 10.06 35.03 1670 21.0 55.9 227.8 98.5 0. 362 1587 98.5 0. 366 1608 + 0 -1.2
330 10.06 35.03 1670 21.0 76.5 212. 9 98.5 0. 352 1568 100.2 0. 363 1602 - 1.7 - 2. 1
351 10.06 35.03 1670 21.0 73. 1 678.6, 204. 7 0. 172 1229 197.7 0. 164 1228 + 3. 5 + 0. 1
352 10.06 35.03 1670 21.0 73. 1 674. 5 204,7 0.1 74 1233 198. 3 0.167 1234 + 3. 2 - 0. 1



Table IV. Measured and Predicted Burnout Conditions in 3-Rod Clusters

Run d.i Msub m/F
2

Measured Burnout Values Predicted Burnout Values Error 
in q/A

1
Error
in»BO

do L P
2

q/A xBO hBO q/A xBO hBO
No mm mm mm kg/cm °C kg/m s W/cm kj/kg W/cm^ kj/kg %

72 10.01 40.42 835 31.5 119.0 145.5 195.4 0.265 1487 191.3 0.252 1467 + 2. 1 + 1.4
73 10.01 40.42 835 32.0 1 16.0 144. 5 195.2 0.276 1509 186.2 0.255 1469 + 4.8 + 2.7
87 10.01 40.42 835 28. 5 95.0 242.0 249. 3 0.190 1329 248.6 0.201 1 354 + 0.3 - 1.8i
89 10.01 40.42 835 31.0 102.0 223.0 250.4 0.212 1389 246.0 0.206 1 382 + 2.0 + 0.5

104 10.01 40.42 835 27.5 76.0 379.0 300. 1 0.136 1223 306.0 0.156 1269 - 2.0 - 3.6
105 10.01 40.42 835 32.5 86.0 331.0 300.8 0.160 1307 300.4 0.160 1 303 + 0. 1 + 0.3
106 10.01 40.42 . 835 31.0 88.0 351.7 301.4 0.134 1248 314.0 0. 151 1263 - 4.0 -1.2
116 10.01 40.42 835 30.5 87.0 359.2 302.6 0.130 1238 317.5 0.150 1280 -4.7 -3.3
117 10.01 40.42 835 29.5 82.0 376.4 302.0 0.125 1221 314.7 0.149 1267 - 4.0 -3.6
119 10.01 40.42 835 27.6 75.0 372. 1 303. 2 0, 148 1244 298. 7 0.156 1270 + 2. 3 - 2.0
124 10.01 40.42 835 27.5 76.0 388.8 300. 1 0.127 1208 308. 3 0.150 1259 - 2. 7 -4.0
125 10.01 40.42 835 32.5 89.0 338. 3 300.8 0.151 1280 309.0 0.155 1294 -2.6 -1.1
126 10.01 40.42 835 27.5 73.0 382.0 303.2 0.124 1232 300.0 0. 155 1268 + 1.1 -2.8
182 10.06 • 35.03 835 32. 5 104.0 91.9 103.6 0.425 1778 102.6 0.407 1749 + 1.0 + 1.7
183 10.06 35.03 835 29.0 96.0 101.9 103. 2 0.371 1659 106.7 0. 395 1704 - 4.5 - 2.6
184 10.06 35.03 835 28.0 92.0 104.5 102. 1 0. 358 1629 107.0 0. 395 1703 -4.6 -4.3

189 10.06 35.03 835 30.5 83.0 105.4 100.0 0. 364 1657 106.0 0. 395 1 722 -5.6 - 3.8
190 10.06 35.03 835 31.8 89.0 99.2 100.0 0. 387 1706 103.5 0.407 1734 - 3.4 -1.6

199 10.06 35.03 835 31.0 88.0 181.7 151.9 0.283 1716 156.5 0.298 1545 -2.5 -1.7
200 10.06 35.03 835 31.0 83.0 185.8 151.7 0.284 1516 156. 1 0.299 1548 -2.8 - 2. 1
204 10.06 35.03 835 31.0 91.0 181.7 152.6 0.279 1508 158. 1 0. 296 1542 - 3.5 -2.2
211 10.06 35.03 835 28.0 83.0 273.9 196. 3 0. 222 1383 200.8' 0.249 1437 - 2.2 - 3.8
212 10.06 35.03 835 31.0 81.0 273.9 196. 3 0.227 1416 204.0 0. 244 1449 -3.8 - 2.5
213 10.06 35.03 835 32.5 96.0 245.0 195.7 0.242 1453 202.7 0. 249 1458 - 3.5 -0,4



Table IV. Measured and Predicted Burnout Conditions in 3-Rod Clusters

Run

No

d,i .
mm

do

mm

L

mm

P
kg/cm^

Atsub

°c

m/F

kg/s

Measured Burnout Values Predicted Burnout Values Error 
in q/A 

%

Error
m%BO

q/A
W/cm^

xBO hBO
kJ/kg

q/A
W/cm^

xBO hBO
kJ/kg

216 10. 06 35.03 835 30 .0 100.0 249. 1 195.7 0.224 1403 205.0 0.247 1455 - 4. 5 3. 6

222 10. 06 35.03 835 31 .0 111.0 301.0 234.0 0.193 1355 244. 8 0.214 1394 - 4.4 - 2. 8

223 10. 06 35.03 835 31 .0 117.0 297.0 234.0 0.186 1 341 246.2 0.208 1 384 - 5.0 - 3. 1

224 10. 06 35.03 835 31 .0 117.0 301.0 234.0 0.179 1 330 248. 6 0.208 1 384 - 5.9 - 3. 9
225 10. 06 35.03 835 31 .0 110.0 325.0 240.9 0.174 1 320 256.0 0. 201 1 370 - 5.9 - 3. 6

226 10. 06 35.03 835 31 .0 104.0 331.0 242.5 0.1 82 1 336 255.0 0.201 1 371 - 4.9 - 2. 6

227 10. 06 35.03 835 31 .0 184.0 21 3. 1 234. 1 0.223 1407 239.2 0. 227 1418 - 2. 1 - 0. 8
228 10. 06 35.03 835 31 .0 171.0 240.2 240.0 0.191 1 352 253.0 0.218 1402 - 5. 1 - 3. 6

229 10. 06 35v03 835 31 .0 154.0 261.1 242. 1 0.186 1 342 255.2 0.210 1 389 - 5. 1 - 3. 4
230 10. 06 35.03 835 31 .0 140.0 264. 3 242. 1 0.21 1 1 387 246. 3 0.216 1 393 - 1. 6 - 0. 5
231 10. 06 35.03 835 31 .0 126,0 285.0 232.2 0.194 1 356 245.8 0.214 1 385 - 5.5 - 2. 1
232 10. 06 35.03 835 31 .0 121.0 287. 3 240.2 0.206 1 378 246.0 0.213 1 382 - 2. 3 - 0. 3
233 10. 06 35.03 835 31 . 0 63.0 406. 1 245.2 0.202 1371 243. 1 0.200 1 370 + 0.9 + 0. 1

234 10. 06 35.03 835 31 .0 57.0 420.0 245.2 0.205 1 376 240.0 0.198 1 369 + 2.2 + 0. 5
235 10. 06 35. 03 835 31 .0 53.0 424. 1 242.8 0.208 1 382 238. 3 0.201 1 372 - 1.9 + 0. 7

236 10. 06 35.03 835 31 .0 101.0 468. 5 304. 0 0.139 1258 312.0 0.150 1281 - 2. 6 - 1. 8
237 10. 06 35.03 835 29 . 5 92.0 497.2 303.0 0.136 1240 308.0 0.147 1271 - 1.7 - 2. 4 '

238 10. 06 35.03 835 31 . 0 93.0 492. 1 297.9 0.131 1243 310. 3 0.146 1273 - 4. 0 - 2. 4
323 10. 06 35.03 1670 31 .0 83.0 205.8 98.9 0.372 1674 104.0 0.401 1740 - 4.9 - 3. 8
324 10. 06 35.03 1670 31 . 0 82.0 203.0 98.9 0. 382 1693 102.0 0V401 1729 - 3. 1 - 1 . 5
331 10. 06 35.03 1 670 28 .0 73.0 186.2 94. 3 0.424 1750 94.0 0.435 1775 + 0. 3 - 1 . 4
332 10. 06 35.03 1670 31 .0 84.0 363.4 151.8 0.293 1533 152. 5 0.296 1542 - 0. 5 - 0. 6
333 10. 06 35.03 1670 31 .0 93.0 366.8 154. 3 0.275 1501 156.5 0.283 1518 - 1.5 - 1 . 1
343 10. 06 35.03 1670 31 .0 68.0 648. 3 202.2 0.202 1 371 200.8 0. 205 1381 + 0. 7 - 0. 7



Table IV. Measured and Predicted Burnout Conditions in 3-Rod Clusters

Run

No

di

mm

do

mm

L

mm

P
kg/cm2

^sub

°C

m/P

kg/m2s

Measured Burnout Values (predicted Burnout Values Error 
in q/A , 

%

Errorq/A
W/cm2

xBO hBO
kJ/kg

q/A
W/cm2

xBO hBO
kJ/kg

344 10.06 35.03 1670 31.0 68.0 624.9 .1 96.4 0.205 1376 197.6 0.208 1384 -0.6 - 0.6

353 10.06 35.03 1670 31.0 86.0 809.7 248.7 0.153 1283 249.1 0.154 1287 - 0.2 -0.2

354 10.06 35.03 1670 31.0 85.0 812. 1 248. 7 0.154 1285 248. 3 0; 153 1287 + 0.2 -0.2

361 10.06 35.03 1670 31.0 65.0 1320.0 299. 1 0. 105 1198 294.4 0. 103 1196 + 1.6 + 0.2

362 10.06 35.03 1670 31.0 64.0 1330.0 299.3 0.106 1199 294.2 0.103 1197 + U7 + 0.2

363 10.06 35.03 1670 31.0 69.0 1185.0 296.2 0.124 1231 283.0 0.112 121 3 + 4.6 + 1.8



Table V. Measured and Predicted Burnout Conditions in a 7-Rod Cluster

Run Atsub m/F Measured Burnout Values Predicted Burnout Values Error 
in q/A

Error 
in h-,„

di do L P q/A xBO hBO q/A xBO hBO
No mm mm mm kg/cm2 °C kg/m2s W/cm2 kl/kg W/cm2 kl/kg %

7 10. 06 49. 95 1670 21.0 41.3 202. 3 88. 3 0.504 1853 88.5 0.508 1875 -0.2 -1.2

8 10.06 49.95 1670 21.0 23.8 216.5 88.3 0.504 1854 88. 7 0.510 1879 - 0. 4 -1.3

16 10.06 49.95 1670 21.0 60.0 357.7 124. 3 0. 338 1 541 1 28. 4 0. 357 1591 - 3.2 - 2. 5
27 10.06 49.95 1670 21.0 38.4 496.9 144, 1 0.306 1481 144.0 0. 308 1499 + 0. 1 -1.2.
28 10.06 49.95 1670 21.0 41.3 496.9 143.1 0.296 1462 144. 6 0. 304 1 492 - 1.0 - 2. 0
35 10.06 49.95 1670 21.0 62. 1 541.6 1 66. 5 0. 277 1427 162. 1 0.268 1 423 + 2.7 + 0.3

1 10.06 49. 95 1 670 31.0 63.6 181.0 89.6 0.562 201 3 91.8 0. 570 2032 -2.4 - 0. 9
2 10.06 49. 95 1670 31.0 63. 6 184.5 90.0 0.551 1 994 91.4 0.555 2106 -1.2 -5.3
5 10.06 49. 95 1670 31.0 71.6 179.6 89. 1 3.554 1 981 92. 4 0. 562 2017 -3.6 -1.8
6 10.06 49. 95 1 670 31.0 49. 6 191.6 89.2 0.553 1998 92. 3 0. 565 2022 -3.4 -1.2

1 1 10.06 49. 95 1670 31 . 0 71.6 317. 3 125.0 0. 393 1 712 1 27. 1 0. 398 1 724 - 1.6 -0.7
12 10.06 49. 95 1 670 31.0 70.6 318.0 125.0 0. 394 1714 1 28. 1 0.403 1 733 -2.3 -1.1

1 7 10.06 49. 95 1670 31.0 1 26.0 262.6 126. 1 0.391 1 708 1 32. 3 0.403 1 734 - 4.6 - 1.5
18 10.06 49. 95 1 670 31.0 111.5 283.2 126.5 0. 375 1681 1 32.5 0. 397 1 722 - 4. 5 - 2.4

19 10.06 49.95 1 670 31.0 104. 7 286,8 127.5 0. 388 1703 1 32.0 0.402 1732 - 3. 4 -1.7

20 10.06 49. 95 1670 31.0 86.6 308. 1 125.0 0. 374 1678 128.0 0.406 1739 -2.3 -3.5

21 10.06 49. 95 1 670 31.0 57.5 360.6 127. 9 0. 370 1670 134. 6 0. 388 1 705 -5.0 -2.0

22 10.06 49. 95 1670 31.0 35.6 389. 7 125. 3 0. 377 1683 1 32. 7 0. 388 1 707 -5.6 -1.4

23 10.06 49.95 1670 31.0 66.6 414. 5 149. 1 0. 355 1643 150.8 0. 355 1 647 -l.i -0.3

24 10.06 49.95 1 670 31 . 0 64. 6 -*03.2 144. 9 0. 359 1 651 144.6 0. 353 1 646 + 0.2 + 0.4
29 10.06 49. 95 1 670 31.0 81.6 438. 7 162. 1 0. 333 1604 163. 5 0. 332 1 606 -0.9 -0.1



Table V. Measured and Predicted Burnout Conditions in a 7-Rod Cluster

Run

No

d.
i

mm

do

mm

L

mm

P
kg/ cm2

Atsub

°C

m/F 

kg/m2 s

Measured Burnout Values Predicted Burnout Values Error 
i q/A 

%

Error
ln% BO

q/A
W/cm2

xBO hBO
kj/kg

q/A
W/cm2

XBO hBO
kJ/kg

30 10.06 49.95 1670 31.0 79.6 437.9 162. 3 0.339 1616 159. 3 0. 327 1599 + 1.9 4 1.0
31 10.06 49.95 1670 31.0 66.6 544.4 170.1 0.285 1519 175.2 0.296 1543 -2.9 - 1.6
32 10.06 49.95 1670 31.0 70.6 530.9 167. 6 0. 280 1510 176. 7 0. 303 1554 - 5. 1 - 2. 8
36 10.06 49.95 1670 31.0 79.6 675.7 199.0 0.227 1415 208. 2 0. 246 145 3 -4.4 - 2. 6*'

37 O o o 49.95 1670 31.0 77.6 672. 9 198.6 0. 233 1425 199.0 0.259 1475 -0.2 - 3.4
39 10.06 49.95 1670 31.0 67.6 881.5

_________
224. 5 0.191. 1 362 230.8 0. 206 1382 - 2. 7 , 1.4



Table VI. Measured and Predicted Burnout Conditions in Annuli (Data from References 5 and 7)

Run d.i Atsub m/F Measured Burnout Values Predicted Burnout Values Error 
in q/A

Error
in

do Lt P q/A xBO hBO q/A xBO hBO
No mm mm mm kg/cm2 °C kg/m2s W/cm2 kJ/kg W /cm2 kJ/kg %

260 9.92 17.42 608 21.5 159.8 89.5 100.4 0. 333 1550 100. 5 0. 336 1557 - 0. 1 - 0.5
271 9.92 17.42 608 18.8 166.0 89. 8 103. 3 0. 334 1529 102.5 0. 330 1521 + 0.8 + 0.5
280 9. 92 17,42 608 19.0 168. 1 160.5 158. 1 0.227 1328 160.4 0.238 1349 -1.4 -1.6.
290 9.92 17.42 608 22.0 175.6 154.4 1 57. 3 0.234 1 369 158.5 0.239 1 378 - 0.8 - 0.7
291 9.92 17.42 608 20.0 170.7 159.2 157. 1 0.224 1 332 160.5 0.238 1 358 - 2. 1 -1.9
306 9. 92 17.42 608 21.0 164.5 217.0 199.9 0.197 1291 199.5 0. 200 1296 + 0.2 -0.3
312 9.92 17.42 608 20.8 162.6 224.2 201.9 0.188 1272 203. 0 0. 193 1280 - 0.5 -0.6
316 9.92 17.42 608 20.0 160. 1 231.0 203.8 0.183 1254 206. 5 0. 191 1268 -1.3 - 1. 1
318 9.92 17.42 608 20. 7 162.6 230.5 204. 1 0.180 1256 207.4 0. 188 1272 - 1.6 -1.3
329 9.92 1 7.42 608 21.0 153.8 292.5 247.9 0.176 1250 240.9 0. 161 1 223 + 2.9 + 2.2
337 9. 92 17.42 608 20.5 155. 1 294. 5 247.2 C. 1 67 1229 243. 3 0. 160 1215 4- 1 . ^ + 1.2
343 9.92 17.42 608 19.0 147. 5 308.0 246.4 0,159 1199 245.2 0.157 1195 + 0.5 + 0.3
357 9.92 17.42 608 21.5 144. 9 385.0 297.9 0. 148 1205 286.0 0. 1 30 1171 + 4.2 + 2.9
358 9.92 17.42 608 20.0 140.7 406.0 299.9 0. 1 37 1166 292.2 0.125 1145 + 2.6 + 1.8
365 9.92 17.42 .608 20.0 139. 1 406.0 296.5 0. 135 1163 290.0 0.126 1145 + 2.2 + 1.6

369 9. 92 17.42 608 21.0 136.8 445.0 297.4 0.101 1110 307.0 0.115 1137 - 3. 1 - 2.4

370 9.92 1 7. 42 608 21.0 136.8 419.0 297.9 0.128 1160 294. 3 0. 123 1151 + 1.2 + 0.8

373 9.92 1 7.42 608 21.0 140. 1 418.5 303.2 6.129 1163 298.1 0.122 1149 + 1.7 + 1.2

1127 10.05 17.45 1216 21.5 1 70.8 177.4 103.6 0. 356 1594 101.0 0. 336 1558 + 2.6 + 2.4
11 37 10.05 17.45 1216 19.0 164.5 183.6 105,4 0.354 1569 102.4 0. 332 1529 + 2.9 + 2.7

1147 10.05 17.45 1216 22.5 1 58. 3 301.2 151.9 0.282 1464 143. 3 0.245 1395 + 6.0 + 4.9



Table VI. Measured and Predicted Burnout Conditions in Annuli (Data from References 5 and 7)

Run Atsub m/P Measured Burnout Values Predicted Burnout Values Error 
in q/A

Errordi do L P q/A XBO hBO q/A xBO hBO
No mm mm mm kg/cm2 °C kg/mZs W/ctn2 kJ/kg W/cm2 kJ/kg %

1155 10.05 17.45 1216 21.0 156.4 297.5 151.1 0.290 1465 141.4 0.248 1 386 + 6.8 + 5.7

1156 10.05 17.45 1216 19.0 149.2 315.7 152.6 0.273 1415 144.7 0.241 1 355 + 5.5 + 4. 1
1 164 10.05 17.45 1216 19.5 124.9 578.0 200.7 0.154 1195 202.6 0.158 1203 - 0.9 -0.7
1168 10.05 17.45 1216 18.5 124.5 582.4 200.6 0.152 1179 203. 5 0.157 1190 -1.4 - 0.9
1548 9.96 24.95 1216 21.0 161.7 140.2 152.6 0.164 1228 159.5 0.189 1275 - 4. 3 - 3.7
1552 9.96 24.95 1216 21.5 167.9 136.3 155. 3 0.175 1254 159.2 0.190 1282 - 2.4 - 2.3
1554 9.96 24.95 1216 20.0 160.9 1 39.2 154.7 0.176 1240 158.2 0.190 1 267 -2.3 - 2. 1
1567 9.96 24.95 1216 21.0 110.7 252.2 205.8 0.147 1196 207. 1 0.146 1195 - 0.6 + 0.1
1571 9.96 24.95 1216 21.5 118.8 244. 9 209. 2 0.143 1195 210.0 0.146 1200 -0.5 - 0.4
1575 9.96 24.95 1216 21.5 121.2 228. 8 203. 1 0.154 1216 201.6 0.152 1212 + 0.7 + 0.3
258 *.92 17.42 608 30.5 175.3 82.4 100.8 0. 374 1672 99.5 0. 351 1 664 + 1 3 + 0.9
259 9.92 17.42 608 27.5 169.5 88.0 100.8 0. 342 1608 105.0 0.372 1662 - 4.0 - 3.4
276 9.92 17.42 608 30.0 193. 1 136. 3 156.8 0. 284 1516 153. 2 0.269 1 483 + 2.4 + 2. V
285 9.92 17.42 608 31.2 193. 1 136.2 156.0 0.279 151 1 156.8 0.283 1519 - 0.5 - o. 5;
301 9. 92 17.42 608 32.2 185.8 191.5 200.8 0,. 230 1427 203.0 0.239 1443 - 1.2 -1.2
302 9. 92 17.42 608 28.5 179.0 196.0 199.4 0,224 1396 197.4 0. 236 1418 + 1.0 -1.6
308 9.92 17.42 608 31.0 183.0 198.0 203.4 0.227 141.8 199.4 0.235 1433 + 2.0 - 1.0
325 9.92 17.42 608 30.5 170.8 261.5 249.0 0.206 1 380 245.0 0,197 1 362 + 1.6 + 1.3
332 9.92 17.42 608 31.7 181.3 257.0 246.4 0. 183 1342 252.0 0.198 1 367 - 2.2 -1.8
333 9.92 17.42 608 29. 2 173. 7 261.0 247. 1 0.195 1351 247. 1 0.194 1 350 0 i 0
350 9.92 17.42 608 28.7 157.0 355.5 299. 9 0.176 1308 . 292. 2 0.162 1282 + 2.6 + 2,0
352 9. 92 17.42 608 30.2 161.3 353.0 299.9 0.164 1301 297. 3 0.161 1 303 - 0.9 -0.1
353 9. 92 17.42 608 30.4 161.7 340.5 297.4 0.179 1313 292.5 0.164 1304 + 1.7 + 0.7
354 9. 92 17.42 608 28.5 158. 1 350.0 298. 1 0.172 1 316 290.2 0.163 1285 + 2.7 + 2,4
360 9.92 17.42 608 30.5 159.5 344.0 297.0 0.177 1322 290. 2 0.161 1290 + 2.3 + 2.5



Table VI. Measured and Predicted Burnout Conditions in Annuli (Data from References 5 and 7)

Run

No

d.i
mm

do

mm

L

mm

P
kg/cm2

Atsub

°C

m/p 

kg/m2 s

Measured Burnout Values Predicted Burnout Values Error 
in q/A 

%

Error
m%BO

q/A
W/cm2

xBO hBO
kJ/kg

q/A
W/cm2

XBO hBO
kJ/kg

361 9.92 17.42 608 29.5 157. 3 351.5 297.0 0. 1 74 1 307 290.5 0.163 1288 + 2.2 + 1.5
366 9.92 17.42 608 31.5 162. 1 375.5 297.9 0.119 1226 31 3. 7 0.148 1278 - 5.0 - 4. 1
367 9.92 17.42 608 28.0 155.5 392.5 299.0 0.124 121 3 311:3 0. 147 1254 - 4.0 - 3.3
368 9.92 17.42 608 29.0 157. 3 383. 0 299.0 0. 1 34 1234 308. 2 0. 150 1263 - 3.0 -2.3
371 9.92 17.42 608 30.0 157.9 368.0 299.7 0.147 1269 301.2 0. 152 1277 - 1.2 - 0.6

1134 10.05 17.42 1216 31.5 191.8 166.0 104. 9 0.382 1 700 105.0 0. 370 1680 - 0. 1 + 1.2
1143 10.05 17. 42 1216 30.5 174.7 274.8 150.8 0.315 1567 143.5 0.273 1496 + 4.5 + 4.7
1144 10.05 17.42 1216 28.0 170.0 288.7 151.1 0.296 1520 148.2 0.274 1478 + 2.0 + 2.8
1 151 10.05 17.42 1216 32.0 1 78. 8 268.5 151.1 0, 315 1 578 145.2 0.278 1516 + 4. 1 + 4. 1
1 1 52 10.05 17.42 1216 29.0 1 73.2 274.2 151.3 0. 323 1578 143.7 0. 281 1503 + 5. 1 + 5.0
1 162 10.05 17.42 1216 31.0 149.6 469.2 199.8 0.202 1 379 200.0 0.203 1378 - 0. 1 t 0

1 1 66 10.05 17.42 1216 28.5 147.2 481.7 199.7 0.202 1357 201.0 0.204 1 361 - 0. 7 -0.3
1544 9.96 24. 95 1216 31.0 183. 8 113.7 152. 3 0.239 1440 149. 3 0. 225 141 1 + 2.0 + 2. 1
1545 9.96 24.95 >216 30.5 180.3 112.2 152.6 0.260 1475 145.0 0.229 1419 + 5. 3 + 4.0
1550 9.96 24.95 1216 31.0 187. 3 111.0 154.7 0.260 1478 147.4 0.227 1419 + 5. 5 + 4.2
1555 9.96 24.95 1216 29.0 1 77. 4 1 18.8 151.6 Qi 230 1410 149.8 0.225 1401 + 1.2 + 0.6
1565 9.96 24.95 1216 31.0 1 35.4 207.4 207.2 o; 1 79 1 332 208. 6 0.186 1345 - 0.6 -1.0
1566 9.96 24.95 1216 31.0 1 30. 3 208. 4 205.8 0.186 . 1345 204. 7 0. 186 1 345 + 0.5 t 0

1570 9.96 24. 95 1216 31.0 145.6 194.7 209.8 0.194 1359 207.4 0. 187 1347 + 1.2 + 0.9



Table VII. Measured and Predicted Burnout Conditions in an Annulus (Data from Reference 8)

Run

No

di

mm

do

mm

L

mm

P

kg/cm2

Atsub

°C

ir/F

kg/m2 s

Measured Burnout Values Pr e dicte d Bur nout Value s
Error 
in q/A 

%

Error
%>q/A

W/cm2
xBO hBO

kj/kg
q/A

W/cm2
xBO hBO

kJ/kg

1 13.9 34.5 4220 31.0 6.5 452. 1 100.9 0.278 1510 100.5 0.277 1508 + 0. 39 + 0.13
2 13,9 34.5 4220 31.0 6.5 458.2 100.9 0.276 1506 100.6 0.277 1504 + 0. 30 + 0.13
3 13.9 34. 5 4220 31.0 6.5 452.0 100.9 0.278 1510 100.5 0.277 1508 + 0. 39 + 0.13

4 13.9 34. 5 4220 31.0 6.5 687.8 127.2 0. 228 1429 121.8 0.218 1400 + 4.43 + 2.07

5 1 3. 9 34. 5 4220 31.0 5.5 1065.0 149.5 0.170 1 318 150.0 0.169 1315 - 0. 33 + 2.28

6 13.9 34.5 4220 31.0 6.5 1590.0 168.0 0.123 1233 176. 3 0. 1 30 1244 - 4. 70 - 0.89
7 13.9 34.5 4220 31.0 6.5 1589.0 168.0 0.123 1233 176. 3 0. 1 30 1244 - 4. 70 - 0.89
8 13.9 34. 5 4220 31.0 46. 5 358.0 101.5 0.257 1473 105. 3 0.270 1495 - 3. 60 -1.47

9 13.9 34. 5 4220 31.0 53.5 482. 1 126.0 0.209 1387 1 30.2 0.220 1406 - 2.90 - 1.35

10 13. 9 34.5 4220 31.0 48.5 604.9 149.0 0.200 1 371 146. 3 0. 196 1 374 + 1.85 - 0. 22
1 1 13.9 34.5 4220 31.0 58. 5 688. 0 167.5 0. 172 1 321 169. 3 0. 172 1321 -1.07 0
1 2 13.9 34. 5 4220 31.0 65.5 616.0 167.5 0.192 1356 171.2 0.169 1326 -2.16 + 2.26
13 13.9 34. 5 4220 21.0 7.0 486.9 . 101.5 0.245 1379 103. 6 0.249 1 380 - 2.03 - 0.07

14 13.9 34. 5 4220 21.0 7.0 757. 1 126.7 0.193 1281 125.0 0.189 1 274 + 1.36 + 0. 55
15 13.9 34. 5 4220 21.0 4.0 1200.1 149.0 0.146 1191 147.0 0.142 1 183 + 1.36 + 0. 67
16 13.9 34. 5 4220 21.0 3.0 1750.0 162.5 0.108 1121 - 163. 5 0.109 1122 - 1.01 - 0.09
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