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Dry Graham B, Wallis

Thayer School of Engineerins
Dartmouth College

Hanover, Wew Hampshire

Deny Dr. Wallig:?

It was gratifying to rsad your letter of the 9th and to find
that you do not altogether rule out the possibility of my
presenting a lentuwe at your summer course.

Turning then to your objectivity, I shall try to canvince you
that two widely accepted ao&clusiana with regard to two phase
heat and mass transfer are simply incorrect, While these

two conclusions are quite elementary and seem virtually self
evident, it is no less true that they are ine et and that

a real understanding of the boiling phenomencn c@n be reached
only b ve jectir ﬁhau,-*whiln the difference between the

right answers and the ' angwers may seem to be of a aeaondary
nature, this seomingly small difference leads to very great
differences when we applr the right enswers to the problem

at hand--namely, what 1z the nature of the boiling phenomenon?
And in particular, how can we better design equipment in order

to deal with the boiling phanamanon in an cpttmum.mannor?

50 much for my optnianu el

The first "widely aaaepted aon@lusiun” whieh 1 &iaprava is

the following: During nucleate boiling, the heat flux is
related to the thermnl driving force in a non-linear manner

in which the ?at flux is proportional to the thermal driving
force raised some power between 1 and 25 but which is usually
some value like 3 or L, With regard to thils conelusion, my
oun regearch has led me to the following conclusions: :

1« The data in the literature do not generally support
the contention ahat tha expﬂnant is uaually sone valuo
like 3 or h.

2¢ The data in the literaturm do generally auppowt the
contention that, if nucleate boiling data be plotted
on log log grapﬁ paper and one then draws the beat
straight line through the data, the resultant slope
will often be approximataly 3 or h




- .

3% The procedure deseribed in item a would result in thn
gorrect exponent emly for a very special cases To
1.11%%:::&%, t!fm general &qmtim wh&ah one is really

3’ - mﬁ * h (1)
Kowy wl:m; one draws a aﬁraight una on 103 1@3 graph
papar he is unconsciously sssuning that b in ae;‘ -

is S.daatieally equal to sero, since the eqmtton
o straight line on log log paper is simply —

y = omR : s {2)

the slope maumﬁ m &&s 1@3 papew wzll. aqm
3y value of “n™ only for the special case where

b =0, Ve mugt therelore ‘determine either wxz«wmy

-
o Mamtim:uy muhw ‘tm va:me ui’ “’b w maght
to be am«m, 1

e UWe can at once &atﬁmm &hat "h" s.a rmxm ai.mplx
on a theoretieal basis quite apart from any emplricisms
We have only to consider that the boiling process
mquima ‘the growth of bubbles againet & forece of
finlite magn: itude,  If we aceept that the required
coumterforce is somechow derived from the wall supers
tmat we avre then forced tou conelude that the finite
ﬁmmfwaa oan be supplied only by a superheat of
BUTLL magnitude, In this way, we have concluded
'. E ™" ganpmot be Zero bwm&m ”‘b“ is s:mp}:,y h Ty
in ﬂquatian f.’,!}z

q = hi ﬁ.uT}whiﬁwh?‘a o {'31

yhile the inclusion of the additive term in aquatim
{3) may be aesthetically dissatisfying, to me it
gseens infinitely bLeltter than mz,ng to pretend that
beoiling does not pequirve a driving Torce of rm&w
m@zitm wh&n :i:n pwmt ni‘ raﬁt 1 &aﬁm

Wemaaﬁbaarinmindmttm;ammar rfeming

experinents ie to determine the functionallty between
variables and that we ean accomplish this much better
by "listening" to the daba than by strict adharenm '
to a preconselved notion as to the eomnﬁ “mm“
anggmarmg awe}.&tim. i b

Up $o this point,; I feel m abjaﬁtiw maﬁer ammld ba con=
vinw nf ﬁhe f hwmg;

B 'me pwcm whiﬂh haa h&retaﬁ‘wa ba&n tzaad t:ao
ﬁ&t&mim the ax;xmant ia imow&am Sosaiu
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bs As a result of as, the widely asecpted vif

¢4 Hucleate boiling eorrelations should eontain an
additive wonstant in order to acgount for the fact
that boiling requires & thermal driving force of
If_gau_uan-aaaagk the fact that I might not be an incorrl-
givle liar and if you read the encloged mamuseript, perhaps
you will also agree with wmy contention that the exponent is
generally wnity--vhich is certainly what the data in the
Lot me now suppose that I have eonvinced you of the ebove,
but that you are inclined to say "So what--surely there con
be 1ittle prectical or theoretiscal significance %o this
seemingly small difference”. Let me therefore skip over the
ressoning and lead you to a few of the results which derive
divectly from the above small differengesr

1« If one asccepta the substance of the above, one
mast also reject the present shape of the so-
galled "pool boiling ourve” and instead assign
to it a vastly different shapes e

24 If you lock elosely at equation (3), you will
sense that "h" is a completely new kind of heat ;
transfer coefficiont from what is genernlly definmed
to be "h"--the @ifference arising from the Taet
that the equation makes real sense only if “"h" -
is defined in a derivative sense=~ises if "h" is

i, 5. S

pather than the novmal Hefinition. A elose analogy

e of 3

to the above is the elsetrical engineers! concept

of the “dynanic electrical reslstence’” whiegh is
defined “in a similar manner and used to supplement
the classical pesistunce which may also be ocnsidered -
as the "statie" resistance, 'The particular advan-
tage of both of these concepts ls that they allew
a better underatanding of the dynamic behavior of
systems and thereby make it possible to desgign
equipment which is more nearly optimum,

Tuening briefly to a second widely accepted conclusion, it
is gonerally accepted that a pool boiler in whieh the heat
source ls a condensing fluid ean cperate stably at all points
of the'pool boiling eurvey This statement is simply mot
true ag I point out 4n the May, 1964 issue of Hucleonlecs



J

and egain in the letters section of the Dng;i 196l issue of

Hueleoniess In polnt of fact, it is true if the eriterion

I derive for thermal stability is true at s.ll points of the

pool bolling curve in questlons The general fm m this
wamm is

ﬁﬂm’% " ﬂ%m/“u 4 " e L
For a boiler such ag Derenson used for ¥l ﬁamsia, t!aia
general fam may b« mmrm m:: ‘the par t-_imalsr fornm

om0

where the right hand am at' aqmt;!.m {6) of ecourse refers
to the slope of the poocl ’ba!.lima mw; Prom mm mnzim,
it may maily ba seen mm

1+ The statement that aaah a bai&w is musawuy
stable at all polnts of the pm:i haili.ng eurve is
aiwly not &mu ;

2+ 'The stability of mh a hai?..w gan bar ingwawﬂ
mmadl{m§ simply inereusing the steam side
coeific decreasing the thickness of the wall, _
oy inereasing the thermal amﬂiﬁw of the wall
wally (Put ﬁmﬁmr way, we ecan Luprove the stability
of the boiler by simply increasing the eoupling
batm the primary hest souwrce and the primary
ms ginlk in the boiler,) I you will refer to
Berensoniy whiaxt in ﬂw Zm: Jm Et ma; mrr

For more on the a‘bow, I mrar you tn ﬁhe ufwermuom
”ﬁ&ﬁlﬁﬂ .

Ialutly let me paim; mﬂ: ‘bhat ths a.bmm amtitut&a only
ini&animl Iraetion of the work I have sompleted to

ﬂ&w which, in point of faet, fills several volumes. Givem

free use of an hour, I would spend about LY minutes discussing

the meaning and implicationa of the above two errcncous con~

clusions and the balance of the time diseussing what I feel

will be the future of heat and mass transfer, 1 hope ym :

will take me up on my previous offer and I look xmm

meeting sowmeone who lays clalm W m highast pmﬁtb.’w

selentific virtue--ob Juw:i.vityi

& sinwmly yours,

Turene ?p &diﬁ#ﬂi‘i
?mni&mt e



