
ON THE EXISTENCE OF TWO ‘TRANSITION 
BOILING CURVES 

t. C. WITTE and 3. H. LIESHXRD 

Heat Transfer and Phase-Change Laboratory. Mechanical Engineering Department, 
University of Houston, Houston. TX 77001, U.S.A. 

(Ref.eiretf 18 Svprember 1981) 

Abstract-The idea that thereare two’transition’boiling curves accessible to apiven liquid boiling on apiven 
surface. is advanced. A variety of saturated. subcooled. pool. and Row boiling data are shown to be consistent 
with. and explainable in terms of, the idea. Some of the data are hitherto unpublished results. The two boiling 
curves are extensions of the nuckate and film boiling curves, and they are related to nucleate and film boiling 

phenomenologically. 

specific heat at constant pressure ; 
latent heat of vaporization ; 
Jakob number. ~rcp~T,,~“id - T,.,)/&&‘; 
probability of nucleation in ;L molecular 

collision ; 
tcmperaturc; 

T, - Tylt; 
heat flux. 

Subscripts 

W, wall; 

sat, saturation ; 
hn. homogeneous nucleation; 
liquid, liquid bulk ; 
max, peak nucleate boiling y; 
min, minimum film boiling 4. 

TRADITION has it that the heat flux, cf. is a single valued 
function of the liquid superheat, AT, during boiling- 
particularly during saturated pool boiling. However, a 
great accumulation of evidence forces us to the con- 
viction that there are two boiling curves that typically 
relate to one another as shown in Fig. I. These curves 
change in different ways as system variables are 
altered. Together they form the various continuous 
repre~ntations that have been advanced as’the boiling 
curve’. 

Nukiyama’s independent y experiments [I] rc- 
quired that he terminate his nucleate and film boiling 
curves at the extreme heat fluxes, Y,,,., and qmin. He 
spcculatcd that thcsextrema would beconnected by a 

single line elcmcnt if AT could be varied indepen- 
dently. Three years later, Drew and Mueller [2] 
obtained a few data that suggested Nukiyama was 
correct, and the notion of a singk boiling curve was 

solidified. 

The objective of this paper is to show how the 

massive intervening accumulation ofdata suggests that 

there are, in fact, two yvs AT relationships available to 

a given boiled liquid on a given surface. We shalt also 
show how the two curves serve to explain some of the 
seemingly anomalous behavior we have witnessed in 
the past. 

We first present our conceptual model without 
rationalization or justification. We then oiTer the 
evidence for the model. 

The two curves in Fig. I arc simply tab&d ~tucf~ufr 
and~;f~n boiling. As the heat flux is increased. in the 
conventional nucleate boiling regime. to a value be- 
yond the hydrodynamic peak, (I,,,*~, the collapse of the 
vapor escape path will be catastrophic. On the other 
hand, if AT is increased inde~ndently, the vapor 
removal path is observed to change in a continuous 
manner. Therefore the *jets-and-columns’ mechanism 
should not disappear all at once. 

There will instead be an increase in the number of 
nucleation sites and an increased tendency to separate 
the liquid from the surface, just beyond the peak of the 
curve. As the surface grows hotter, the duration of 
liquid contact will be reduced. When liquid moves into 
a dry patch, heavy nucleation will tend to blow it away 
quickly. The hydrodynamic ‘jets-andcolumns’ me- 
chanism is still admissible because the vapor pro- 
duction is below the critical value, but the disruptive 
situation at the surface leads more and more to 
oscillating liquid contact -to batchwise explosions of 
vapor into the liquid bulk. 

The film boiling curve is also extended (to the left) 

beyond its conventional hydrodynamic limit. The 
minimum heat flux in this curve. qmin. is the value at 
which vapor is no longer gcncratcd rapidly enough to 
keep the film from falling into the heater. When y is 
varied inde~ndently and reduced below qmin, film 
boiling collapses catastrophically into nucleate boit- 
ing. But when AT isindependently reduced beyond the 
minimum. change is almost imperceptible as long as 
the system continues to change along the film boiling 
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(system thermal rasnt)” 

FK;. 1. The two boiling curves. The ‘transition region’denotes all states between the local maximum and the 

local minimum-wherever they occur. 

curve. There is some liquid-solid contact to the left of 

the minimum. and even the slightest contact will lead 

to substantirti increases in the rate of the generation of 

vapor. Thus q &gins to rise. The basic film boiling 

proLvss is prcsctvcd in this region; howcvcr. it is 

increasingly augmcntcd by instances of liquid -solid 

cotltitct. 

The rcadcr will note that WC‘ have not used the term 

‘transition boiling’, and wc supgest that rcpion ought 

to be viewed as an extension of either film boiling or 

nucicato boiling. Drew and Muclicr simply idcntificd 

the region as ;I part of the film boiling rugimc and did 

not USC‘ the word ‘transition’. Later such terms as 

‘partial’ or ‘unstable’ film boiling wcrc first introduced, 

and then dropped. in favor of the term ‘transition’ that 

did not c~~n~niit anyone to a hypoti~~tic;tl m~ch~tnism. 

For the sake ofciarity we shall speak of transitional 

nuclcatc, and tr:tnsition;ti film boiling to distinguish 

the two curves. 

We now turn our ttttsntion to two iISpCCtS of 

verification of the mechanism: Observations of the two 

m~c~t~nisrns. and d~rnot~str~tion of ways in which 

given systems clcct one or the other of the two 

proccsscs. 

The ctassical photos of transition boiling on tubes 

given us by Wsstwatcr and Santangclo [3] have been 
widely rcproduccd. They arc interesting bccnusc: they 

clearly display both mrchanisms in the transition 

region. Their Fig. 5, showing high-q ‘transition’boiling 

at AT only a little beyond the peak, reveals a vapor 

removal mechanism that clearly consists of jets such as 

those that coilapsc when y 5 qrnrl. Their Fig. 7, 

showing low-q ‘transition’ boiling. at ACIT about 3/4 of 

the value giving Y,,,,~, is indistinguishable from film 

boiling. They also providt a photograph for a state 

between these two pictures. It shows a complcteiy 

blanketed. but very ragged. surface in what could be 

film boiling with ;1 lot of local contact. The problem 

with these photographs is that they can only approxi- 

mately be related to ;t boiling curve for lack of actual 

sut%cr: t~mp~r~turc data. 

We turn next to Berenson’s ‘infinite’ Rat plate data 

(41. which include surface temperature data and 

rcprcsent very close control of a variety of surfrtcc 

conditions. Figure 2 shows ditt;t for six of Bcrenson’s 

sttrfitccs on lincar ‘1 vs 67’ coordinates. 

Bercnson’s system for regulating 67” ind~~nd~ntiy 

had an irnp~~rt~trlt wcnkncss that was brought to Light 

in other systems by St&n and Kovl~~ and by Grass- 

man and Zicglcr during the latter 1960s (see discussion 

by ~lcssc [S]). Bcrcnson hcatcd the lower side of a 

copper block, which was heavily finned, with condcns- 

ing steam. Zfc boiled more volatile fluids on the 

top of the block. The block placed a thermal rcsis- 

tancc equal to (block thickness/conductivity) = 

0.000860 ft’ h ‘F Utu - ‘, or 0.0001514 m2 “C W-‘, be- 

twccn the condensing steam and the surface. Accord- 

ingly, if the line: 

(l = (~<>“d .rm - 7’,,,) - AT 
__._~ -- 

O.~X~~6 
(1) 

expressed in the units of Btu. ft. h. and ‘F, should 

happen to intersect the boiling curve in more than one 

point. then only one point can be reached in an 

experiment. ff the system is initially in film boiling 

then reduction of the cottd~nsin~ steam temperature 

will only allow one to observe the lowest curve that can 

bc rcachcd along a line of negative slope equal to 
(conductivity/block thickness). If one starts with the 

system in nucleate boiling then he can only reach the 
highest curve that such a line intrrsccts. 

Figure 2 shows three cases (Brrenson’s Runs No. 2,3 

and 4) where certain states are inaccessible, and one 

more case (Run No. 25) where some states might have 

been inaccessible. Runs No. 2, 3 and 4 do not reveal 

anything about the existence of the two ‘transition’ 

boiling curves hypothesis although they dramatize a 

basic timit~tion of Bercnson’s system. The reader 

should note that we avoid Berenson’s use of iogarith- 

mic coordinates in reproducing these results. 
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FIG;. 2. Bcrcnson’s boiling runs for n-pwtanc on copper. Solid lines WC our f;Grcd curves. Dotted lines WC our 
cxtrapolrr~ions. Dashed lines we for equation (I ). 

Run No. 5 (which is plotted from Berenson’s data 

tables, as are all of these curves) rcqeals five data points 

that were omitted or misplotted in his figures. When 

we include these points. the two boiling curves are 

clearly revealed. The data in Run No. 7 appear to lie on 

a single curve; however, they show a slight misalign- 

ment near the minimum. Brrenson reports uncertain- 

ties of only 2~-1~ Btu ft-’ h’F in all of his careful 

measurements and his data align within this un- 

certainty in most cases. Thus such misalignment could 

reveal a separation Mween two distinct neighboring 

curves. Runs No. X and 9 provide independent obser- 

vations that reveal somewhat greater misalignment. 

hence we beliL~e that two ‘transition’ curves are 

revealed in these cases. 

son added a few drops of oleic acid (a wetting agent) 

to the liquid from time to time. 11 would boil off and 

more would be required. Two points in Run No. 25 

were obtained immcdiatcly ahcr the oleic acid was 

added and they fall distinctly high--in what must have 

been transitional nucleate boiling. Two data lay far 

below, on what WC believe was the transitional film 

boiling CUNC 

Bcrenson was purled by discontinuouschanges ofy 

in the transition curve for dirty, oxidized surfaces. He 

isolated the elTects of cleanliness and oxidation by 

running a test, Run So. 22. with an oxidized surface 

that had been clcancd immediately before testing. He 

compared Run No. 22 to Runs No. 16.17 and 23. all of 

which were for clean. unoxidized surfaces and saw no 

erect 6f oxidation on the boiling curve. Bercnson 

concluded that oxide does not affect the boiling curve 

as long as the oxide thickness is thin enough that the 

thermal characteristics of the surfarv arc those of the 

pure base metal. This was the case for his experiments. 

The importance of Run No. 25 is. as Berenson noted, 

that it brings to light the great sensitivity of y to 

wetting, in the transitional region. indeed. we see that 

the upper or nucleate boiling curve can 0~1~ be 

sustained in the transitional region when the surfdee is 

dirty or when there is a surfactant in the liquid. 

Bcrenson argued that wetting lifted the transition 

boiling curve. We believe that the mechanism ofboiling 

on the upper curve is transitional nucleate boiling 

which can only occur when there is wetting. 

Figure 3 shows how the photos suggest that wetting 

action is responsible for selecting one or the other of 
the curves. In a really clean pentane-copper system 

the contact angle is a small positive value, but in an 

unclean system Bcrenson found that it would go to 

zero, so that wcttinglttrtl ro accompany contact. In this 

connection, Lienhard’s [6] original photographsof the 

‘transition’ boiling of acetone on an oxidized copper 

cylinder clearfy reveal upper boiling curve behavior. 

Finally, Run No. 25 is particularly revealing. Beren- Sakurai and Shiotsu [7] followed up on a feedback 
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Contact wtthout wetting f the liquid 
momentarily “kisses” the hot surfoct ) 

_I__- 

-- 

Contact with wettmg (contact leads to intense 
nucleation and eruptive vapor productron) 

FIG. 3. Transitional boiling in the film region (above) and in 
the nucleate region (below). 

control strategy invented by Peterson and Zaalouk 18) 
for studying transition boiling. Their data (see example 
in Fig. 4) reveal a hysteresis behavior in the transition 
region. They indicate that the upper ‘transitional’ 
boiling curve corresponds with the mechanism that we 
have described as transitional nucleate boiling. They 
also indicate that, at point B in Fig. 4, boiling suddenly 
breaks into patches of nontransitional nucleate and 
nontransitional film boiling that coexist on the wire. 

We b&eve that point B is the point of intersection of 
the two ‘transitional boiling curves. Thus when AT is 
reduced from a high value. three possible situations 
can exist at the return to point Et: a mixture of two 
boiling modes, or pure transitional film boiling, or 
pure transitional nucleate boiling. Sakurai and Shiotsu 
do not say what the character of boiling is as AT is 
reduced below thevalueat point 6. However it must be 
one of two things: 

(1) A mixture of two boiling modes tlrut hark 
converge on point A, or 

(2) A single boiling mode that would converge on 
point A. 
Either situation would require that a second tran- 
sitional boiling curve exist. This curve is the tran- 
sitional film boiEng curve, 

FACTORS DETER.\llNllr;G THE SELECMP4 OF 
A TRASSITIONAL BOILING MODE 

The preceding remarksare restricted to pool boiling 
in saturated or near-saturated liquids. In subcooled 
external Row-boiling configurations we observe that 
the transitional film and transitional nucleate boiling 
curves are separated much further from one another. 
We shall see that such situations dramatize the two 
curve idea and they raise the problem of selection of 
one curve or the other as a major practical issue. 

Quenching experiments yield boiling curves in 
which the surface temperature is the independent 
variable. All regimes of boiling are accessible to this 
naturally-occurring phenomenon. A natural selection 
ofeither the upper (transitional nucleatefcurve or the 
lower (transitional film)curve thus results. as a body is 
quenched. 

Observations from quenching experiments reveal 
jumps from one curve to the other. Stevens f93 
provided very complete high-speed motion picture 
records for repeated quenches of silver spheres moving 
at 1.52ms-‘, in water at various temperatures. These 
records made it possible to identify the actual tran- 
sition boiling behavior reproducibly. Stevens observed 
what he called the ‘transplosion’ during forced con- 
vection on a silver sphere. This was an almost in- 
stantaneous colfapsc of film boiling as the sphere 
cooled. Stevens also identified what he called ‘)-region 
boiling’ in some cases. His hi&speed photographs 
showed a ring-like tr;insiti[~n to nucleate boiling that 
began at the forward stagnation point and moved 
around the sphere in a fraction of a second as cooling 
proceeded. As the transition ring moved, there re- 
mained a smoother-looking interface on the down- 
stream surface of the sphere. 

The coexistence of different boiling regimes that 
occur in certain instances suggest something akin to 
Shiotsu and Sakurai’s averaged observations. How- 
ever, these coexistences were only observed in some 

obrsrvdd P “3 Al brhovrot with lO*C rubcooling in 
?he liquid bulk 

&T * Tw - Tto, t-3 

FIG. 4. Sakurai’s and Shiotsu’s [?] hysteresis loop. 
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FK;. 5. Temperature-time trace for a 9.04 mm dia. siher 
sphere coolmg in 82 C Hater. 

cases. Let us consider some additional measurements. 

Figures 5 and 6 show previously unreported pool 

boiling data for a Y.W mm dia. silver sphere in water 

with a thermocouple at its ccntcr. Thcsc data and 

additional high speed movies wcrc obtained by the first 

author in the same appaxtus 3s that used at the 

University of llouston by Wnningson [IO]. The 

oscillvscopc trxcs in t:igs. 5 and 0 rcvcal major ‘jumps’ 

in the heat Hux for X2 C and YY C water (.scc points A). 

Thcrc arc also smaller jumps in hat Hux al higher 

tcmpcraturcs ill poinls C. Points II on the tracts 

rcprcscnt the maximum tcmpcraturc time slope. 

proportional lo l/,,,.,,. Thr photographs also show a 

force trxx that rcllccts ohs rapidity of vapor volume 

chanpc in the system. This signal cmanatcs from ;I 

picroelcctriccryst;ll upon which the liquid containsr is 

mounted. As oscillations in vapor volume surrounding 

the sphere occur, the center of gravity of the liquid is 

nccckratcd up or down. tlenningson showed that 

various boiling rcgimcs can be detected by this tech- 

nique. Figure 7 shows the data from Figs. 5 and 6 

reduced to boiling curves. Jumps in cl occur in both the 

99 ‘C and X2’C water. Measurements were made in 

27 C water, but the thermal characteristics of the 

sphere were not adequate to give good system re- 

sponse. Consequently, thcsc data arc not prsscntcd. 

FIG. 6. Tempcraturo-time trace for a 9.M mm dia. silver 
sphcrc cooling in 99 C water. 

IO’ 
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FIG;. 7. tlrat flux for saturated water al I atm. in pool boilmg 
from a 9.04 mm dia. siher sphere. 

llngar and Eichhorn [I I] have measured transient 

heat transfer from ;I 254 cm dia. copper sphere cooling 

in st;ltionary and Howing methanol. Their tempera- 

ture time profiles closely rcscmblc those reported 

in Figs. 5 and 6. Figure 8. which shows their subcooled 

pool boiling curves, also reveals rapid shifts in heat flux 

at or near the apparent minimum heat flux. followed 

by the maximum Ilux at a lowcr tcmpsrature. 

Subcooling has ths cfkct of greatly increasing the 

nuckxte transitiomll boiling heat flux and shifting the 

curve to the right. Ifany portion of that curve subtends 

surfxc temperatures far enough in excess of the 

maximum homogeneous nucleation temperature. T,,. 

then that portion of the curve becomes inaccessible 

since liquid -solid contact becomes impossible. 

Lienhard and Karimi [12. 131 have shown that the 

spinodal line and the absolute limit of homogeneous 

nucleation are nearly the same in a liquid. This limit 

occurs where the probability of nucleation per mole- 

IO’- , , , , B- ( , 1 1 , 

IO.‘) 
, 

7,. (I . 
6- 

4- 

“E 2- 

5 
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e B- 

: 6- 
= 

‘p 4- 
a? 

IO ’ ’ ’ ’ ’ ’ ‘1 ’ ’ 1 
0 20 40 60 80 100 I20 140 160 I80 200 220 

FIG. 8. Heat llux for saturated methanol at 1 atm. in pool 
boiling from a 2.54 cm dia. copper sphere [I 13. 
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FIG 9. Various st:~ges of pool boiling behavior during the quenching of a sphere in a subcooled liquid. 

cular co1iision.j. is on the order of 10-s. Clean systems 
normally nucleate when j lies between lo-” and 
lo-“, Following the method of Lirnhard [12]. T,, 
values have been calculated and su~r~rnpo~d on Figs. 
7 and 8. 

High speed photographs of quenching of the 
9.04 mm sphere reveal the process leading from film 
boiling to the upper boiling curve. Figure 9 uses 
sketches from frames of these movies to show what we 
see happening in this process. In the beginning stages 
of the quench. the film is stable, disturbed only by 
regular axisymmetric waves that originate at the lower 
stagnation point and move up around the sphere as 
shown in Fig. 9. 

Our observations reveal that in these quenching 
situations. the system will follow the upper boiling 
curve if it can. When the measured sphere tem~rature 
is still above T,,. the interracial temperature that the 
subcooled liquid might reach on sudden contact will 
be less than T,,. It then becomes possible for the mode 
of boiling to jump from film IO transitional nucleate. 
Several factorscan contribute to an interface tempera- 
ture below T,,. For one thing, the sudden contact of 
saturated liquid with a hot sphere wilt lead to small 

drops in the interface temperature. More importantly, 
when the wavy liquid draws close-just before con- 
tact-there can be very high momentary heat re- 
moval from the sphere. The wavy interfaoz can thus 
cause local temperature drops, even in a highly 
conducting sphere. Once momentary contact occurs in 
a wetting situation, nucleation will rapidly follow, with 
still greater local cooling. 

The dynamics of such contact are quite com- 
plicated; but we are able to observe it clearly in the 
high speed movies. Momentary patches of transitional 
nucleate boiling start to appear on the sphere slightly 
above AT = T,, - T,,,. as is shown in Fig. 9. At low 
subcooling these patches are accompanied by the 
small point-C jumps. These are actually jumps to 
u~‘er(~yes of film and nucleate transition heat tluxes. 

At low subcooling these patches are clear cut and 
they endure. When the liquid is colder the patches are 
more numerous, they flicker on and ofi, and cause the 
average heat flux to rise in a more continuous fashion. 
In the less subcooled cases. the film boiling that 
remains over the larger portion of the sphere suddenly 
gives way to complete transitional nucleate boiling in 
the transplosion jump at points A, as shown in Fig. 9. 
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Ungar’s data show jumps in heat flux at ali four 
subcoolings. If we nondimensionalize the subcooling 
with a modified Jakob number 

then we get Ja = 42 at his maximum level of subcool- 
ing in methanol (26.8”C). and Ja = 49.6 at ours in 
water (18’C). The two sets of data are comparable at 
similar Ju’s, although the y vs AT curves diifer 
considerably in magnitude. At Ja = 42 and 21, Ungar 
recorded smaller jumps in heat flux at tem~ratures 
higher than those encompassed by the curves in Fig. 8. 
Ungar [14] describes the khavior corresponding to 
the jumps as a’momentary quivering’of the vapor shell 
prior to the breakdown of the film. This matches our 
visual impression of the momentary transitional nu- 
cleate boiling patches we saw at our points C. 

It is our contention that the lowest measured fluxes 
for both of the systems represented by Figs. 7 and 8 do 
not necessarily represent true qmin points. The dashed 
lines on Fig. 7 show the extensions of the film boiling 
curves that would probably occur if the rapid jumps in 
heat flux were not present. Similar extensions for 
Ungar’s data are not provided since his data plots do 
not include the observed point C-type shifts that lead 
to averages of transitional film and transitional nu- 
cleate boiling behavior. 

Stevens noted that transplosion preceded his ‘3- 
region boiling’. Since the silver spheres were highly 
conducting and could not sustain Iarge temperature 
differences, the ‘3-region’ process is, in ail probability, 
the movement of the peak heat flux around the surface 
from front to back. It represents a fairly continuous 
change of transitional nucleate boiling into con- 
ventional nucleate boiling, and should probably have 
been called ‘2-region boiling’. 

AT 3 T. -l,,, WI 

FIG IO. Typical quench data for a I in. dia. copper sphere in 
saturated nitrogen at 1 atm. and normal gravity. 

The effect of celucit~ 
Increased flow velocity affects the film and nucleate 

boiling tunes in the same way as increased subcooling, 
but to a lesser extent. The effect of velocity is to move 
the qmin point to a temperature higher than T,,“. This 
gives the same kind of behavior as is seen in a 
subcooled system. Most quenching data are for rela- 
tively low velocities so the effect is not made as 
prominent as it is by subcooling (Dhir and Purohit 
[IS] likewise observed that the erect of subcooling on 
qmin is much stronger than the effect of velocity). 

By now it is clear that qmin may or may not be 
attainable in either a quench or steady-state experi- 
ment. Two independent sets of circumstances must be 
fulfilled if a system is to leave the film boiling cutve and 
go to the transitional nucleate curve. at a temperature 
higher than that which gives the hydrodynamic limit 
dictated by the collapse of Taylor waves: 

(I ) T,, must be sufficiently higher than the tempera- 
ture at qmin. to permit the jump, and 

(2) The liquid must wet the heater. 
Let us look at some circumstances in which these 
conditions are, or are not, met. Figure IO shows the 
normal gravity quench of a 1 in. dia. copper sphere in 
nitrogen by Mcrte and Clark [l6]. (Similar quenching 
behavior was reported by Vcres and Florscheutz [ 171 
who used 0.938 in. dia. spheres in Freon 113.) WC note 
that the data suggest a clear intersection above the 
hydrodynamic minimum. Bcrenson’s Runs Nos. 2 and 
3. shown in Fig. 2. also show this behavior. Both our 
data (Fig. 7) and Ungar’s data (Fig. 8) suggest that 
jumps to transitional nucleate boiling occur (at least 
locally) before q,,,,,, has been reached. 

Thus the two ‘transition’ curve idea serves to explain 
why so many experiments (and quenchingexperim~nts 
in particular) fail to reach a plausible qmin value. In the 
light of the two ‘transition’ boiling curve idea we see 
that apparent local maxima and minima, different 
from the hydrodynamic limits, might be reached. We 
propose to retain the terms qmin and qmaz for the 
extrema defined by hydrodynamic instabilities. 

Thus, if we move downward and to the left on the 
stable film boiling curve we will reach qmin only if a 
jump to the transitional nucleate boiling curve is not 
triggered first. If a jump is triggered, it will define a 
pseudo-q,, point. The summary paper by Lienhard 
and Dhir [I83 on the hydrodynamic minimum was 
therefore restricted, in its comparison with data, to 
very clean. other-than-quenching systems where such 
jumps did not occur. 

By the same token, Berenson’s data (Fig. 2, Run No. 
5) suggest that by executing the transitional film 
boilingcurve all the way back toconventional nucleate 
boiling. one might likewise encounter a pseudo-q,,, 
point. 

CONCLCSlOSS 

(I) There appear to be two possible q vs AT 
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relationships that ;1 given liquid -heater configuration 

may obey. in what has been called the transition 

boiling regime. 

(2) The heater --liquid interfacial chemistry is a very 

important determinant in selecting one curve or the 

other. Wettinp is probably required to sustain the 

upper curve. 

(3) Large di~ontinuous jumps in heat ftux occur at 

constant Al. from film to transitional nucleate boiling. 

in many systems as AT is reduced independently. 

(4) There is a serious need for additional measure- 

ments if two *transition’ curxe behavior is to be 

incorporated into heat transfer design. These include: 

(a) Additional t/(17) curves must be observed with 

good control of surface finish and chemistry. 

(b) Such cures must be accompanied with good 

photographic records. These must be used to 

diagnose physical mechanisms in the ‘tran- 

sitional’ region. 

(c) Ohse~ationsctfcontact angles must be made on 
hot surfaces. and during boiling. 

(d) The role of external d~s(lIrb~ln~~s in tri~~erir~~ 

jumps bctu-ccn the two CIITVL’S. should be 

pursued. 

(S) Slcndy state transitional cnporimcnts are vastly 

superior to quenching cxpcrimenls. for rcvtaling the 

character of tr;msition boiling. since they introduce far 

fewer spurious complkltions. Steady oxpcrimcnts are 

dillicult ; nonrthclcss more are neocod. 

/I14 frrluk“l~/c~,llc~rtl.~ WC MS grxtcful to K. Eichhor!,. V. K. 
Dhrr. :rnd E. K. tingx for their ctmstructivc supgestitms for 
improving the m;muscript. The :tuthors wish to ;tdd their 
thanks to K. A. S&m for his m;my direct and indirect 
c(~I~lribuli~~ns to thclr uI]dcrs~~l~dii~~ of hcrit transfer both in 
n&ion to this probfcm. and in r&r&n lo hundreds of other 
problems as welt. 
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Rcsumk -On ;Lv;mLx I’idic qu’il y 3 deux courbes d’ibullition “transitoirc” xcessiblcs pour l’ebuliition d’un 
liquids donnt sur unr certainc surhcr. Une vari& de don&s sur I’6bullition s;lrurCe. sous-refroidie. en 
rL:survoir ou avec comectton forcCc est en accord avec ---ou explicrtbfe par--c?ette idCe. Quelques resultats 
snnt intidlrs. Lcs dcua courbcs dtbulhtion sont desextensiuns des courbes dYbullition nuclC6e et en film. et 

elles sont rcliees phtinomtnolugiquemcnt $ ces deux m&xnismrs. 

ZUR EXISTENZ ZWEIER **OBERCANGS”-SIEDEKURVEN 

%usamrnenf;l<s.ung -Die Vorstellunp, daB fiir eine vorgegebcne ObcrtXichen-Fliissigkcits-Kombinalicln 
zwci “U~r~;ln~s”-Si~d~kurvcn mlighch sind, wird propagrert. Es wird pczeigt. d;tJ3 einc Mcnp van Daten 
ausdcm gcsattigten. dem unterkihhen. dcm Rchiiltcr- und dem Str~mun~s-Si~d~h~rei~h mit der Vorstelhmg 
ver;rCglich smd und mit ihr crkliirt warden ktirmen. Einige diescr Daten sind his heute nicht ver~ffentlicht. 
[>ic zwci Stedekurven sind V~rl~in~~run~en der Blasen- und der Film-Siedckurve und stehen such zum 

Bl;tscn- und Filmsicdcn in ph;inctmcn~,lrrFischcr Bciirhung. 
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0 I~PELICTABJ~EHL~H nFiEPEXOJHOFO~* PEXMMA KMnEHMR BBYMFf KPMBbIMM 

hNOTN,“S - flpexloxeno HOme OIlHCPHHC w7epenOmorO~~ pewma KHIlCHHR YHLIKOCTH na onpezlc- 

XHHOii noseprHoffs. flOKi13aHO. VT0 boabume ~(Hc.10 ZIHHbIx (6 TOM YHC.lC H tieony6ntiKoeaHHbix) no 

pitlBHTOMy KHneWWW. KHIICHHH) C Il‘&lOt~%OMc. KHn‘34HlO B 0TKpblTO.W 06aeue H IlpIi TC’ICHHW COT.%I- 
CyCTCK C TilYHW llO.lxOLIOH ” MOryT 6blTb 06IdCHeHbl Ha 3TOi-i OCHOX. 06e KpHBbR RB,lRfOTCI IIpO- 

;IOXUCHHRM~ Kp~ebtx ny3arpbKoaoro H n3e~ow3oro Kiifrewi~ H ~efiosieHo~TowiecK84 cm3a~61 c ~THMH 


