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- ild It seems reasonable
to give the stability of the heat transfer process the generic /

term "thermal stability". With regard to two phase heat and

mass transfer, thermsl instebility manifests itself in several
ways. Fherhaps the most widely known form of thermal instability
is the phenomenon called "burnout" which can result from
operating two phase heat transfer eguipment near and beyond
the maximum in the pool boiling curve. The practical importance
of this type of thermal instsbility has been recognized since
/}?6L 193l when Nukiyama first observed the maximum in the pool
G’R boiling curve.; Since that time, the theory of thermal stability
has centered about the graphical demonstration that a dis-
continuous AT will result from a monotonieally increasing’
heat flux such as gi¢ would occur in a so-called constant
- heat flux device. This graphical theory alsoc demonstrates
that no discontinuity will result in equipment in which the
temperature of the heat source is controlled--fdr example
in a boiler in whieh the heat source were a condensing fluid.
This latter conclusion results from the demonstration that,
as a vertical line is passed from the left to the right across
the pool boiling curve, a single solution on the curve is
always obtained.
The difficulty with this graphieal theory of thermal
stability is that it does not rigorously apply to real systems.
It therefore leads to a number of erroneous conclusions re-
garding the design and performance of two phase heat and
mass transfer eguipment. Among these erroneous conclusions

are:
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In sc=called "fixedtent inputl systems sueh—es—bhose
utilizing nuclear or electrical heating, burnout--

in other words a temperature discontinuity--oeccurs
when the equipment is made to pass through the
maximum in the pool boiling curve. Since this is

a necessary conseguence of passing through the maxi-
mum in this type of eguipment, it is not possible

to design this type of equipment so that no discon-
tinuity will result from passing through the maxi-
UM

In equipment in which the temperature of the heat
source is controlled, the equipment is necessarily
stable at all points of the pool boiling curve and
there 1s no phenomenon similar to burnout. As a
result, the designer need take no special pains

to akold any temperature discontinuity since such a
discontinuity cannot occur in this type of ecuipment.
Although thermal instability can lead to tempera-
ture discontinuities, it does not lead to osecillatory
behavior. As a result, it is generally assumed thatb
oscillatory types of instability in two phase systems
are the result of instabilities in the mass transfer
process. Indeed, it is quite common to assume that
the mass transfer process is the cause of all fomms
of instability in two phase systems and even that

the phenomenon of vurnout is caused by the mass

transfer process.
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The May '6l. issue of Nucleonics presentéd the quantita-
tive theory of thermal stability which is intended to replace
the old graphical theory. In that article, I derived a general
criterion for thermal stability based on a somewhat idealized
system. Jhile this derjived criterion is not completely rigorous;ﬁi ZZL

fems < Alel i S L«_J o cevtuin  spipldyiog Tvssia p i,
WASH/df B LEd/£F it does apply with engineering accuracy to
most real systems and it is therefore a useful tool for both
design and analysis. This general criterion for thermal
stability is simply JCQ.,‘.'. “ o Qout @

R i

Rather than go through the derivation of this general criterion,
let us simply start with it and in this way try to determine
what is wrong with the graphical theory.

The general criterion states simply that a given piece
of ecuipment will be thermally stable provided that these
two simple derivatives bear the indicated relationship to
each other, The crifterion results from idealizing a generalized
system and uncoupling it at the boiling interfiace. The
uncoupled pieces are then analyzed to determine whether they
would fit together in a stable manner. The derivativeg on
the left hand side refers to the heat source side of the boiling
interface. 1% answers the question "How 1s the heat flow
into the boiling interface affected by the temperature of the
inte:face?" The right hand side refers to the heat sink
side of the interface and answers the question "How is the
heat flow out  ofthe boiling interface affected by the

temperature of the interface?’ Thus, to appraise the thermal




stability of a given system, we have simply to determine these
two derivatives and then compare théir magnitude. To perform
this analysis graphically, we hese—simple-ber determine the

two functions Qin and Qout in order to appraise the stability
of the equipment over a wide spectrum of Tw. Rather than
continue the discussion in the abstraect, let us consider a
specific boiler--namely, a so-called constant temperature

type boiler in which the heat source is a condensing fluid.,

For this boiler, we want to determine the two functions Qin
and Qout. Now Qout is simply the pool boiling curve which
applies to our vparticular #Ad system and which we will suppose

is given by

4 Qém
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From this graph, i1t can be seen that dQout/dTw is negative

. . /;# Jf}
only in the region generally called the transition region. e (7
~s

To determine dQin/dfw, we have only to note that, for a

constant condensing temperature, Qin is given by

QL =UALT -T~)=(,—,;A77/A)(T"T”>

s0 that dQ A ) 4 < o
i = 7Lk

Adding this result to our stability graph, we see that the
equipment may or may not be everywhere stable, depending on
the absolute value of dQin/dTw. Analytically, we can rewrite

the general criterion in the perticular form

A d Qo
vk S =

As a result of our analysis, we have concluded that the

general criterion for thermal stability contradicts the
graphical theory in that it coneludes that even so-called
constant temperature systems can be thermally unstable.
Returning to the graph of § ve AT and recalling that dQin/dTw
is finite, it can be seen that the graphical theory was in-
correct primarily because it assumed that dQin/dTw =-00 --

in other words it was based on the erroneous assumption that
the performance of this tyvpe of boiler could be described by
a vertical line, whereas no real boiler can exhibit this type
of behavior. While it is true that the derivative in this
type of boiler is always less than zero, it is equally true
that it is never infinite. For this reason the graphical
theory was incorrect in concluding that this type of boller
is stable at all points of the pook boiling curve. If we

place several lines of finite slope on our graph of Q vs
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AT, we can quickly see that, as we move the system to the
right, there will be a discontinuitty in the AT which of
course 1s very similar to burnout.

An experiment performed by Berenson several years ago
2t MIT provided the experimental evidence that the new theory
is correct. In his experiment on transition boiling, Berenson
constructed just such a boiler as we have discussed in which
the (rEiy@ddtrd heat source was a condensing fluid. In a
summary of this thesis published in the Internation” Journal
of Heat and Mass Transfer, Berenson reported the results of
20 experiments performed with the intention of covering the
complete spectrum of the pool boiling curve., If you will
plot up some of this data on linear graph paper, you will
find that, in 17 of the 20 experiments, virtually no data
was obtained in the transition region, in agreement with the
new theory of thermal stabllity.

Perhaps the most ilmportant aspect of this new understanding
of the stability of constant temperature equipment is the
realization that the designer cannot take the stability of
this type of equipment as a foregone conclusion. Moreover, t?
from the particular stability criterion we obtained for the Rff:;,,ﬂ
boiler, it can be seen that the designer can exert a very
strong influence on ﬁ%é/#ﬁé%;?;ﬁ#/ thermal stability of the
beiler in any of the following simple ways:

1o Minimize the thickness of the boiler plate

2. Maximize the thermal conductivity of the boiler plate

3., Maximize the heat transfer coefficient of the fluid

condensing on the heat source side of the boiler F!0£ev






