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ABSTRACT

Burnout heat flux daté are presented for water at
500, 1000, and 1500 psia with specific flow rates of
1x 1'06 and 2 X 106

A dimenslonal correlation of the data is developed
and extended to inelude the data of other ohservers.

The correlation ylelds the relation

(—-)/91249,\'/0 [("){rh | p'j

for the prediction of burnout heat flux.

Thesis Supervisor John A. Clark
Aggistant Prolessor
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In reecent years the process of nucleate bolling has
been energetically investigated as & means of increazasing
the effectiveness of heat exchanger coolants. This work
ﬁas b%eu in progress at MIT’since 1940 under the sponsor-
ship of the Atomic Energy Commigsion and the 0ffice of
Naveal Research.

The'béiling heat transfer process 1s characterized
by the curve shown in fig 1. Upon the initiation of
boiling, the heat flux increases rapidly wlth increasing
tempersture difference between the wall and fluid. This 1s
the reglon-of nuclezate boiling. 'Evéntually, & maximum
value of heat flux is attsined which can only be exceeded
by incre@sing the temperéturg difference by a factor of
the opder of one hundred. This rise in wall temperature
will, in nmost practical apparatus, result in rupture of
the wall. The maximum nucleate boiling heat flux 1s
called the "burnout" heat flux and is readlly seen &g &n
importent désign coﬁsideration in eguipment utilizing a
boiling ligquid as the goolant.

The present experimentsl progranm was undertaken to
- provide data on burnout heat flux in water systems at
moderately higﬁ pressures, 500 to 2000 psia, and flow

rates, C.5 to 5.0 x 100 1b/Hr-rt2.
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2.1 Deseription of the test sppsretus

All data were taken on & 9-ineh length of ™A' nickel
tub;ng, 1805 inches in internal diameter and ;2105 inches in
external diameter. The tube was vVertical and the flow upward..
Electriecal heating of the test section was aecomplished by
passing current through the tube wall. The source of electrical
power was two 3000 amp 12 volt BGAgenérators in series which
could be effectively controlled from Zero to maximum output..

The system gonsists of a elesed loop with a stainless
steel De Laval Hayward=Tyler cireulating pump. Pressure was
maintained on the gsystem by a pressure vessSel in whieh water
was evaporated by electrical heating. The pressure vessel
was also used to degass the water before each run.

Distilled water was used in ali runs and an lon exchanger
was use@ to.maintain the lmpurity level below 1 ppum NaCl.

The test section instrumentatién.eonsisted of inlet
and outlet pressure and voltage taps and nine chromel-
congtantan thermoeouples on the tube outer waii. The wall
thermoeouples were lnsulated from the tube by .001l5 in.wmica.
The temperature diff erence across the tube wall was computed
by the method of ref 1. Inlet and outlet fluid temperatures
were meagured 6 inches upstream and 4 inches downstream of
the test section. |

The tube was surrounded by four thermal shields, each



‘enclosing the tube for one-quarter of its length. The

shields are individually varlable resistence heaters wound

on aluminum tubing. The shleld temperatures were adjusted

to thg average temperature of the portion of the test section

under each. |
A detalled discussion of orifice and thermocouple

calibration, tube size and resistance deterwmination, and

current and voltage measurement is given in ref 1. The

details of ihe test stand apparatus and operation are

described in ref 2.

2.2 Burnout Detector

The reguirements of the burnout program necegsitated

ction

o

the use of & device to prevent failure of the test

17}
4]

at the burnout point. This device, or burncut déteotcr,
mugt be one which ean identify the burnout condition and
-take action Lo prevent f&ilﬁre, but must also allow the
exXperimpentor to attain burnout h@at Tlux. In »principle,
the detector relies on the f@ét that burnout occurs at
the test section exit and is characterized by a large
temperature rise. Actually, the detector ~ompares the
electrical resistence of the final 1/16"" of the test
sectlon with that of the remeining tube length. These
two resistanceg gongtitute two legs o a Wheatstone

bridge ecilrcult, the other two legs consisting of

and veriable resistors of suitable rstin



fig 2. At bum@ut the resistanee of the final length
of the besty ﬁs%&fmmj; increases repldly in relation to -
the r_eﬁ%&imdae? eausing an uﬁb&lamé in the bridge elreuit.
- The net voliage at the refarencé point in the

bridge eireuit provides the input slignal to a faﬁr stag@
D¢ amplifier. The output of the amplifier fires a |
mg@mng elreuit which discharges a 7000 volt ./é/'_a-f
gapaclitor through a ép&rk gap in the elrcult bresker.

| The time which the burno;@ detector.néeds'to
"deeide® when s bona fide burnéut has occurred is rela-
- tively long, about 6 millisee. At peak ppeséure and heat
flux, this interval is virtually all the time available
vbéfor@ the test seetion allowable overﬁemperature of 502 ¥
is reached. Consequently, an instantaneous eirecuit |
breaker is réquired to act 6n the signal from the amplifier.
| - Rapid eircuit interruption is aceomplished by using
t.he.l@uf eapacitor dise-harge to fire aﬁ_ e::c_plosi\fe cap¥®
which is éontained in a ﬁollow copper tube. The test
se¢tlon eurrent flows continually through the copper tube
which is one-half inch in outer.diameter, 3 1/32" long,
and has an .O47" wall. The copver tube 18 restrained
by a mechanieal devi&a which insures elean eircu*t inter-
ruption when the cap is fired.and low voltage drop through

the tube and its cornections during the run. Details of

* dn?ont X~98-N bl&s»ing cap, #6 strength, RDX loaded
for 3009 F temperature stability.
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- the breaker-eenstrucﬁion~asvw§llka§ a omplete diseussion
of the detector eircuitry willlbe subjéct of a project
report to be issued shortly.

The burnout detector has been an efTectlive instrument
"for the study of fhg burnout‘phenqmaﬁon and is well sulted
to the characteristics of “the orocess. During a run, the
test section current isg iﬁcr@ased guite slowly. Therefore,
any bridge unbalance due to varying tube temperature can
be readlly compensated by maﬁuél adjustment of the
variable resistors. At high heét flux, in the neisghborhood
of burnout,lfhe test séction 1s normally zlmost isothermal,
g0 that, while the magnitude of the test sectiom resistance
may vary, the registances of the two portions of the tube
'remain in a relatively constant ratlae to each other. Thié
makes manual adjustment uﬁneeaessary near the burnout
point. |

Almost withouﬁ exéeption, the 5urnoutvdetector has
guocéssfully prevented failurevofkthe hest*seqtion and
A@ermitted'the actual attainment of the burnout condition
in the test section. The fact that the detector is not
firing prématurely is periodically‘checked by allowing
a2 test sectlion to fail while observing the time between
the diescharge of the capacitor and the appearance of
steam or other evidence of fallure. These two events occur

simulténeously,
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Burnout data were takeh at 500, 1000, end 1500Upmsis
system pressure and at W&%grfinlgt'velbaitigs-éé'ﬁyand 10
feet per second. ﬂhesé data are presented in Apgéﬁdix A.
Anether,'praviéuﬁly unpﬁh%iﬁhed, sebt of data taken in the
same range by John Lehtinen on the MIT apparatus is pre-

‘seﬁtad in Appendix B.

3.1 Bleangelon of resulis

The apparatus used in thig work has been employed
for a number of years in studying the nucleate bolling
process, and its,lﬂmgﬁati@ns are well known. The

Tollowing errors are inherent in the measurament and
eomputation schemes: -

a; Heat flux 1s known to & 3%'-

b. Flow rate is known to 3 2%

G, Inlet and outlet fluid temperatures and
test section wall temperatures are known to i 2w,
These quantities are interrelated in three meagures of
heat réjeetion. Heat rejection may be determined from:

a. The difference in tnlet and outlet fluid
enthalpy as measured by the corresponding temperatures
‘and obtained from a table of propertiés (ref 3) multiplied
by theAflow.rate.

bP. The product of eurrent and test section

voltage droyp.



¢. Summation of hest release in the nine wall

seetions based on the tube f-esi.stivi ty at each of the '!.li-_n@
.wall'temper&murgé and current. | ' B
‘These three somputations yleld the & 37 hest Tlux
_variation. - |

Bupmout dats Ls rasorded on 16-point Brown recorder
‘slnee 1t 1s lmpossible to achleve steady state at the
~ burnout point. 4 complete set of daﬁa extends 16 seconds
b_sfoi‘e burnout oceurs so that some temperature readings
TRt be eablmated to d 3° F. Gur'f'ent and volitage readings
are printed three times during each recorder cycle, so
that errors in those readings are not increased.

3



4. CORRELATION COF THE DATA

4.1 The Correlation

In an effort to evaluate the data taken at MIT in
reiation to other data, a burnout correlation was under-
teken. The objectives of this correlation were to unify
the MIT data, to bring outside data into agreement, and to
do‘it'in-terms of eeglly measurable quantities. In short,
to determine a reliable engineering correlation.

The logiecal staftimg point for such a correlation
‘ig the fluid oroperties at the point at which burnout
ocecurs, i.e. testisection exit. It was found that the simple
properties such as bulk gquality, density, flow rate,
prescsure, and heat flux do not exhibit anv obvious rela-
tionshiy~amoﬁa thenmselves over a sufficiently wide range
of condiéionsbto be of significent use. Qualitatively
however, one can deduce from these properties the Tact
that increzsing exit bulk quality reflects a2 decreasing
mexlmun heat flux at constent pressure.

In studying the effects of the various properties on
heat flux, it was found that the averasze exit flow velocity
(assuning no slip betwean phases).eorrel&ted'the MIT data

extremely well over the range of pressures studied. Un-

Ead

fortunately, the relatively simple exoressions involved in
that correlation proved inadequate when apnlied to data

taken elsewhere, and 1t was discarded. Another parameter
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ht 1n the area of bubble mechenies. The theoretical
‘limiting size of bubbles hes been extensively discussed in

the litersture and recently by P. Griffith in referemce 4,

there is a predictable maximum bubble size attainable in
‘nd@le&t@ bolling when the aver&ge'témparabure of the strean
is below the saturation temperature at the pressure under
eonsiderstion. Fromn a mechanistie viewpoint, the bubble
.18 congidered to reach 1ts meximum size when there 1s zero
néﬁ heat transfer aeross its surfaee. That 1s, the bubble
will not grow beyond thé point at which the heat rejlection
1o the subeooled stream equals the heat absorbtion from
the superheated region near the wall. This'reasoning
eannot be usad_tondetermine bubble size=ih a stfe&m aﬁ
sagurated temperature,‘but'the concept of a limiting
bubble diameter ean be applied if a suitable criterion lis
deviéed.u

Consgider a two-~phase flow having a vapor core and a
liquid film on the tube walls. According to data taken by
Marchatlierre (ref 5), it ean be‘reliébly assumed that no
glip exists bebtween the phases for SUffiaientiy high flow €
velocities. Assuming that oﬁe ean prediat‘it, the thickness
of the 11quid film on the wall constitutes en aceeptable
measure of maximum bubble diameter. In this report, the

film thieckness i1s deseribed as that consisting of all
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the liquid in the exit plane evaluated at average outlet
guality.. While it is quite certain that this is not;
agtually the flow eonditlion, this epproximation 1s suffi-
@ién‘tly agcurate for correlatlon purpoges if a constant
fraction of the film helght so computed is realized in
‘@&@i‘l case. f{hisa film thickness (referred to aas here- -
after) showed significant promise as & correlating factor.

At this point a dimensional analysls was verformed

with the assumed relation of the form

?” = f(D,S, V’J rl: F,,O’) i (,)

where .?": heat flux
D = ecross sectional dimension.
d = liquid film thickness
Vo= exit velocity
n;k exlt specific Weigh‘a

["-_-_ saturated licuid specific welght

O =~ surface tension

The choice of outlet density in this funetional
relationship was somewhat arbitrary‘simee it is already
l1mplicit in the exit veloecity term. It was felt, however,
thet some means of distinguishing between exit veloeclitlies
for high flow rate~low quality systenms as opposed to iOW
flow rate-high. quality systems wes necessary. Since X}
was needed if the=film concept was significant, r% was

used as the distinguishing factor rather than G, the
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o ¥ benglon was felt to be important sivnee 1t ls
reflected In two importent areas. |

_ &, Surface tension plays a sigmifisént role in
the determination of Wali superheat, Ty = .u'r {ra? £ -

B ﬁﬁrfa@e tension can be expected to be an

impartaht factor in determining the charaster of their
liguid films on the wall. It would have an effect on
the stability of such a film and, for %erbical tubes,
would detgrmiﬁe'tﬁe amount of ligquld thrown off the wall
to the stream by the aetion oflthe bubbles.

The result of the dimensional analysis 18:
é ) J)
‘Fzrq'V% Y? (

- Qualitetively, the first term on the right-hand
siﬂe appears reasonable. Increasing surface tension
indicates inecreased wall superheat and increased integritiy
of the licquid film, both of whieh would be expectedhﬁg
ineresse heat_flux. Inereasing veloclty would be_@#p@cted
to have a gimilar effect. The appearance of all'bgrms
to the first poﬁer i1s, however, somevwhat starﬁling. It
will be be seen below thet this dimensionless group is
in fact erroneous in the relationship of the quantities
within it to each other. It does, kpweVer, appear to
‘include éll the Bighifieant quantitles.

When this'fumsti@nal relationghip was tried with
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the two right~hend groups involved as a product to the

first power, & satlsfactory correlation was obtained for

data at econstent speeific flow rate, G, over a range of
presgures. It was necessary to multiply the right hand
“term by el5 4o make the correlation applicable to all
flow rates. |

This added flow p&raméter apparently reflects the
changing heat eapacity per unit time of the system rather
than a flow phenomenon; sinee Reynolds Number was tried
ﬁn‘sueeessfully as a correlating factor. |

Finally, an édditional factor of D5 was required
to bring the Argonne National Lab;ératory data on a .306"
diameter test section and the Westinghouse data on a 2"
X 0,097" rectangular test section in line with the well
est_ablisheﬁ eurve for .18" diameter tubes.

The fi}allggrrelation 5 " LSS

([?) /-4 @x10" [{ -'?—-- § D (3)

for the units as shown in the nomenelature', i.e. all
guantlitles in consistent feet-hour-pound units except
a" (Btu/nr-rt2). | |

The quantitys/kis ,gomputed ag follows. ¥For both
eireular and rectangular test sections, .

fe =/~ 7/6’-; « (4)

where y is volume qualitys gz——fg;’in the notation of ref 3.

FBP rectangular test sectlons the characteristie channel
dimension is taken as the hydraulie d;ameter.\

2L
__z_..z.-

* /)earrea:z(/J wvitlen :
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 Eq§§tiqn (3) may be written
o ; 194 , iyt NS
7 o /-9 5 /3" Y. DG / £
v zfﬁ] = /48 x10 ( 2 5
[1 A e = — (5)

for elreular test sectlons.

4.2 Discussion of the correlation
The correlation is shown in fig 3 for the ¥IT data
which 1s summarized in appendices A and‘B} Figure 4
' presents the eorrel&tion of the‘Argonne National Laboratory'
data (ref 6) which was taken at 2000 psiz on a .18" diameter
tube and some Westinghouse data (ref 7) taken at 2000 psia
on a 2" x 097" rectangular test section. ¥inally, the
correlation is extended (fig 5) considerably to ineclude
some low flow rate data teken at MIT by J. A. Clark (ref 8).
' The dim@nsional correlatioh presented above appears to
have considerable merit because of the ranze of varlables
eovared with a reasonable scatter of the points. The range
of variables covere& by the data in the main body of the
correlation, above S/R:.o) is as follows:
&. heat flux, .2 x 10° %0 2.8 x 10° Btu/Hr-rt?
b. specific flow rate, .17 x 10° to 3.5 x 106 1p/Br-ft2
¢. preéssure, 500 to 2000 psia
d. exit bulk quality, .006 to .60 (successfully)
e. tube L/D 50 to 76
The 10wévk<iata extend these ranges as follows

_
f. heat flux to .05 x 10° Btu/Hr-rt°



h. pregsure to 100 psia
1. exit bulk guality to .93
The faet that the correlation extends through these

'Fan&gs indiegtegiggntinuity of one mechanism of burnout.

Tha#e are po%sible exceptions, however. As shown in

figure 7, the large tube ANL date scatters eonsiderably

and completely breaks away ‘at qualities above 65%. Study

of the 2000 psia Westinghouse data qualitatively confirms

this trend at-higthuality., The reason for thls‘departure

is not knowﬁ. While it appears to be 2 physieal phnnomenon,

1t may prove to be amplified scatter as discussed below.
One question which arises iﬁmediately on examinatioﬁ‘

of the correlation is with regard to the prediction of

decreasing burnout heat flux with increasing flow rate at

constant quality. For exanple, the “crrelation pr@dicts

wyrpnht, S
a value of 700 x 10~ -12 for the quantlty 2—-;_——"9—5 at/fe- 1.0,
#

requlring that heat flux at constant pressure be inversely
proportional to the square root of floﬁ‘rate. While this
relationghip 18 aceurate over the range ebvered.by the
M.I.T. data, there exist signifi@ant qqantities of data
showing an increase of heat flux w*th flow rate. The
dividing line betwegn these opposite relationships has
not been deﬁermiﬂgd; Comparetive data is diffieult to
obtain in this-area since heat flux 18 so sensitive ﬁo

exit gquallty that it mist be more than approximately .
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‘constant for a valid eomparison to be made. From the
sucecess of the correlation, it is obvious that the inverse-

relationship generally

i

pplies when large change of the
parameters occurs. In general, large inerezses in flow
rete yleld lower heat flux 1f quality remains constant,

.but there are "runsg" of date over small ranges of flow

rate (less than 20% variation) showing the opposite effect.
While the.anawer to this problem is not now known, it 1is
hoped that the correlation will satisfactorily tie the
major effects together permitting & study of this "secondary"
effect which is necessary before a complete Qndarstanding

of the burnout process can be obtained.

4.3 Validity of the liguid film congent

This paper shows that a correlation based on a
somewhat‘nebulous model involving & liquid film in two-
phase flow with at least & constant slip ratié between
phases is applicable over &.%4? range from .8 to ,0001.

The wobability of such a siluple coneept being valid over

such a wide range appears slight and consideration has been
given to dropoing the éﬁ? nomenelature in favor of a "funetion
of quality." The fact that a logical application of the

Tilm parameter to rectangular channels is not successful

lends some welght to this consideration. However, the

lack of conelusgive evidence coupled with a dearth of other

physical explanations for the particular combination of
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-tion for its guecesss ex

of the film thickness

notation., I*lshw%, ‘appears teibe no other explana-
't that 1t is reasenably accurate

over a wide range.

The &erﬁalatian p?@sanﬁed in this paper 1is restrieted
to the pf@d;gtion of burnout in water systems with vertical
test sections and upflow. In additionm, 1 1s specifically |
directed %@W@@&%b&@g@ﬁ%syﬁi$h5get exlit ﬁulk gualities.

Zﬁé @orr@iatiﬁn is alsb unﬁrieé for tuée diameters outside
the renge .18" to .306" '.and_. thel’/o range Trom 50 to T5..

In addition to the above limitations of the data
eorrelated, the form of the parameters involved have the
aﬁaracterist;ecqf greatly amplifying experimental errors
iﬁ eertaln ranges. These parameﬁers are, to a certain
extent, self compensating. For example, a positive error
in exlt quality produces a negatlve error in the ordinate
and & negatlve error In the abeissa tending to brihg}the
point baek on the curve. The degreerf self compensation
is a funetlioniof pgsssure and quality as shown in fig 8.

In general, inereasing qualiiy and deereasing pressure
inerease plotting errors. The relations shown in fig 8
rapresen£ the équatians | .
JO8) .. A (1-x)de )
Sk ,z(j;vgf) ) PR % '

'Y:" A z
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rate are reflected in quality as a funetlon of inlet

subgooling. é’#

(%)

“and Al is the @lfference between saturated ligquid enthalpy

’ (A{ of pef 3) and fluid inlet enthalpy. This relation

indicates that very large errors in-qgalihy-are_pogéible

at low qualitles although the direct measurements are

gulte aeeﬁrat@, This explaing the devliation of the highest
points of the MIT 1500 psia data whieh have qualitieg of
.06 and .0Q06.

4.5 Predigtion of peak heet flux from the correlation

Unfortunately, heat flux is implieit szVk and Y%
8o that 11 cannot be read direectly from the curve for
a given preésmré and flow rate. A trial and error
computation is required,v However, experience with the
correlation indi@aies that three trials are suffielent
for an aceurate graphleal solution. Convergence on the
predicted value is rapid and the value 1tself clearly
defined. A graphieal interpolation for oné solution is
given in figure 9. |
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APPENDIL A

M.I.T. Zurnout Data

Inlet Fressure Tlow Rate Heat Flux 6 Exit
Temp. ( F) (psia) (1o/hr-£12)107°  (Btu/hr-£1<)10™° Quality

372 516 1.97 2,22 .15
356 565 1010 2005 '33
395 555 2.00 2.11 W17
380 585 1.94 2.07 14
394 545 0,99 1.98 J42
308 545 2,04 2.54 .09
314 545 1.02 2,09 .31
249 545 2,12 2,80 .03
249 535 1,04 2,30 « 30
476 1005 1.77 1.53 «145
474 1005 1.64 1.53 155
409 1065 1.88 1,97 2072
485 1035 1.84 1.47 «138
463 1025 1.85 1.60 .123
509 1015 0.89 1,32 41
461 1015 0.95 1.49 035
357 1015 1,00 1.84 24
336 1040 1.01 1.79 .19
318 1065 1.02 1.83 .16
259 999 1.04 2,08 .14
323 1015 1,02 1.81 .18
253 1010 2.13 2.56 sube,
232 1035 2.13 2.81 "
279 981 2,08 2.55 "
212 1020 2.05 2430 "
347 1025 2,02 2.18 "
530 1520 1.76 1.25 .11
509 1515 1.76 1.37 .08
495 1525 1.7% 1,45 .06
464 1525 1.88 1.60 .006
320 1510 1,02 1.67 .019
Z52 1485 0.986 1.52 .06
375 . 1505 . 0.99 1.61 12
382 1505 0,964 1.47 .10
400 1510 0.954 1.45 A3
454 1515 0.938 1,33 .20
516 1511 0.86 1.14 .29
495 1510 0,881 1.21 .27
506 1550 0.882 1.15 24
434 183 1.89 1.50 sube,
438 1525 1.89 1.69 "
388 1525 1.94 1.97 "
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STV T T
APPENDIX

M.I.T. Burnout Data
takzen by J. Lehtinen

Inlet Pressure Flow Rgte P Heat Flux - Ixit
;. (OF) (psiza) (1p/hr-££)107° (Btu/hr-ft°)10° gQuality
420 1055 0.%64 1.51 .25
4325 993 0.951 1.62 .29
424 1015 1.91 - 1.80 082
421 1053 1.91 1.82 053
343 | 985" 0.965 1.82 .20
53 ‘ 235 0.866 1.41 46
544 1045 0.859 1.29 i vis
396 75 0.895 1.3%9 .38
502 100% 0.886 1.43 41
497 1010 0.38% 1.51 43
499 1010 0.885 1.52 A4
542 1020 1.70 1.87 « 20
509 1020 1.80 1.52 .21
LET 530 0.935 1.82 AT
452 527 0.83¢ 1.82 A7
451 5835 1.86 '1.87 . 23
452 555 1.856 1.90 24
427 575 C.9071 2.00 45
410 535 0.936 1.32 42
237 o0 0.862 2.01 « 39
400 585 2.0 2.14 15
414 575 1.93 2.12 .18
291 535 1.02 2.19 .30
293 555 2.13 2.59 057
2654 540 2.10 2.86 .036
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Py J. walTDIX \J
ARG CMITE o HeTIONAL I.l.n.uOR:im”‘R‘{
Burnout Date, 18" Tube

2000 psia, L/D = 54.5

Inlet Flow Rate Heat "1ux Bxit
Temp. (°F) (1o/hr-r£2)10~5 Btu/hr-f12)10-5  Quality
525 Z2.50 0.850 . 094
513 3.56 1.00 OT74
536 3.44 C.745 .121
595 2.57 0.995 . Q77
533 2.94 0.582 .118
586 3630 1.15 . 028
590 3.58 1.15 .016
527 3¢50 0.820 . 095
614 : 3,58 1.00 LO77
635 3.47 0.742 .115
£08 2.54 0.863 .91
813 2.51 0.345 104
519 3,00 0.820 . 080
5387 3.58 1.14 014
22 " 2.71 0.746 .101
523 2.68 0.735 . 104
515 , 2. 74 0.805 . 091
513 ' 2.88 : 0.799 071
5611 2.54 0.850 072
512 2.90 0.840 .075
597 ' %.05 0.990 » 048
598 3.10 1.00 . 049
581 3.22 1.15 .019
524 .04 0.555- 136
810 1.89 0.5560 . 102

524 _ 1.86 0.660

0151



Inlet

Temp.

500
531
509
528
533
515
532
534
529
525
525
633
510
504
513
569
518
507
223
580
465
527

(°F)

(cont'ad)

ARGOIUE NATIONAL LaBCRaTORY

Burnout Data .306" Tube

2000 psia, L/D = 75

“low Rate
(1n/hr-f1°)10~

0.186
0.138
0.157
0.210
0.241
0.183
0.304
0.314
C.353
0.230
0.246
C.435
0.268
0,226
0.241
0.398
0.505
0.725
0.441
0.534
0.550

6

Heat Flux
(Btu/hr-£t2)10~°

0,176
0.169
0.198
0.196
0.215
0.258
0.245
00276
0.278
0.328
0.327
0.318
0.350
0.357
0.356
O. 356
0.346
0.587
0.5600
0.393
0.595
Oo 34‘6

23,

Exit
xuality

0495
.574
576
.580
.580
.340
.515
<407
<491
019
470
525
.520
<459
. 384
.262
.213
403
. 380
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