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THE NEW HEAT TRANSFER

eugene f. adiutori

““The New Heat Transfer'” (TNHT) presents a new science of heat transfer—a new and better way to
design/analyze heat transfer equipment, a new and better way to correlate/understand heat transfer phe-
nomena. TNHT describes the new heat transfer in engineering language and illustrates its application in
numerous examples dealing with the design/analysis of hardware and the correlation/understanding of
natural phenomena. '

This is the first in a series of TNHT ads which will describe the new heat transfer. The ads will appear
in this space every other month until the nine chapters of TNHT have been summarized.
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CHAPTER 1

The heat transfer coefficient h (or U) is the
foundation of the old heat transfer in which h is
used to correlate experimental results, to
design equipment, and to analyze equipment
behavior. And yet the coefficient h is nothing
more than a shorthand way of writing "the
ratio of heat flux to temperature difference™.
Since h is merely a substitute for q/AT, it is
apparent that we could altogether avoid h by
dealing individually with q and AT and
attaching no significance to their ratio h.

Since h is truly unnecessary, it is appropriate
to ask "Why attach any significance to h—to
the ratio q/AT? How does h help us design and

. analyze equipment? What does the invention

and utilization of the heat transfer coefficient h
do for us?"

The answer is that h does nothing for us, but
it does a great deal to us. It prevents us from
designing/analyzing equipment in the simplest,
most logical way because it prevents us from
separating the variables we most want to
separate—q and AT.

One of the first lessons in math is that the
solution of any problem is simplified if one first
"separates the variables'—ie separates the
y's from the x's. For example, given that

(y/x) =7+ (2/x) (m
we first separate the variables and so obtain
y=7x+2 (2)

Now, given that y=3.74, the solution for x is
much simpler using eq 2, In fact, if we are not
permitted to separate the variables—ie if we
must use eq 1 as written—we will not be able
to solve for x in a direct manner, Using eq 1,
we must either try-and-error or solve
iteratively for x. (Try it—solve for x using eq 1
as written and then using eq 2. It takes about
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100 times longer to solve for x using eq 1—and
the result is less accurate and less reliable.)

The principal difference between the new and
the old heat transfers is that everything is
done with separated variables in the new heat
transfer and with unseparated variables in
the old heat transfer. This night and day im-
provement is the direct result of abandoning
h—of attaching no significance to the ratio of
q to AT.

I+ should be noted that the invention of h
is precisely the opposite of separating the
variables. The minute we invent h, we decide
to use equations like eq ! rather than eq 2 and
to perform all design/analysis problems the
hard way rather than the easy way. (In eqs
1 and 2, substitute q for y, AT for x, and h for
the ratio y/x.) And the minute we abandon h,
we decide to do everything the easy way—
the logical way—the accurate way—the
reliable way—with separated variables. In
the new heat transfer, all thinking, all corre-
lating, all designing, all analyzing are done with
separated variables because we altogether
abandon the ratio h.

The old heat transfer concerns the design
and analysis of heat transfer equipment the
hard way using unseparated variables—using
the ratio q/AT—using h. The new heat transfer
concerns the design and analysis of heat trans-
fer eguipmenf the easy way using separated
variables—using q and AT and completely
avoiding the heat transfer coefficient h.

The abandonment of the heat transfer coeffi-
cient concept transforms heat transfer from
a highly complex art to a new and wonderfully
simple science. TNHT describes this new science
and its application,
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“The New Heat Transfer” (TNHT) presents a new science of heat transfer—a new and better way to
A~sign/analyze heat transfer equipment, a new and better way to correlate/understand heat transfer

nomena. TNHT describes the new heat transfer in engineering language and illustrates its application
in numerous examples dealing with the design/analysis of hardware and the correlation/understanding of

natural phenomena.

This is the first in a series of TNHT chapter summaries which will appear here periodically.

Chapters 2 & 3 EQUIPMENT DESIGN AND ANALYSIS

In the new heat transfer, there are no "’h*”’
correlations, no Nusselt numbers, no
dimensionless heat transfer correlations, In the
new heat transfer, researchers and
experimenters correlate their results in
the new form

q (AT and system properties)
and these q correlations take the place of the
old forms h (AT and s.p.) and hD/k (AT and s.p.).
These q correlations are the basis of equipment
design and analysis in the new heat transfer,
just as “‘h*’ correlations are in the old heat
transfer, Chapters 2 and 3 demenstrate the
design/analysis of equipment using q
correlations in place of “h’’ correlations,

Chapter 2 is entitled ““Solving Simple
Problems in the New Heat Transfer’” and
describes in detail the solution of three simple
problems using h correlations and then repeats
the solutions using q correlations. These simple
problems demonstrate that the old heat

ransfer is not an effective tool for design/
analysis whenever ""h’’ depends on AT (as it
does for free convection, boiling, condensation,
radiation—in fact, ““h’* depends on AT in most
cases of practical import.) Whenever “h”
depends on AT, the old heat transfer is not
effective because it artificially complicates

every design/analysis problem. In other words,
the old heat transfer requires a great deal

of altogether unnecessary mathematics, due

of course to the fact that the old heat transfer
prevents the separation of the important
variables q and AT which we insist on
separating in the new heat transfer,

With regard to these simple problems,
Chapter 2 notes:

. . . the problems in this chapter illustrate
that the invention of h is not only unnecessary
but is actually harmful. These problems
iHustrate that the invention of h resulis in a
hundredfold increase in the time required to
solve these simple problems. Moreover, they
correctly suggest that less simple problems

may be virtually impossible to solve with the
old heat transfer (as we shall find in the later
chapters).

Chapter 3 is entitled “’Equipment Design and
Analysis in The New Heat Transfer—Statics”’,
(The new heat transfer recognizes the dynamic
nature of the heat transfer process and thus
we distinguish between static and dynamic
design/analysis. In the former, we consider
only steady-state behavior and do not concern
ourselves with equipment response to upsetting
influences or equipment stability.) Chapter 3
describes the design/analysis of two heat
exchangers from equipment specification to
as-built operating characteristics.

The first exchanger is an elementary, text-
book type piece of equipment in the sense
that the heat transfer ¢t all interfaces is such
that ’h” is independent of AT—ie q is pro-
portional to AT. The design/analysis of this
exchanger is demonstrated with the old heat
transfer and repeated with the new heat
transfer. It is shown that both the old and
new heat transfers can deal effectively with
this elementary behavior which is seldom
encountered in the reai worrd.

The second exchanger is a practical, real
world piece of equipment in that the heat
transfer at one interface is such that “h"
depends on AT—ie q is not proportional to AT.
The design/analysis of this exchanger is
demonstrated only with the new q correlation
method, primarily because the correct solution
of this real world problem is virtually

impossible to obtain using the old heat
transfer. Using the new heat transfer, the
solution is simple and direct. As noted in
Chapter 3, this unbelievable improvement
“is the direct result of the fact that, in the
new heat transfer, we do not invent thermal
resistance—ie we assign no importance to the
ratio q/AT—ie we altogether avoid heat

transfer coefficients”,
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Chapters 4, 8, 9 THERMAL DYNAMICS AND STABILITY

Thermal dynamics and thermal stability simply are
not within the "knowledge envelope of the old heat
transfer which views the flow of heat as a static
rather than a dynamic process. To illustrate, the flow
of electricity is viewed as a dynamic process and is
dealt with using static AND dynamic resistance:
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If the old heat transfer viewed the flow of heat as a
dynamic process, there would be two h's:

q

hutatlc:— (3)
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In TNHT, the flow of heat is viewed as a dynamic
process and thus the old generic name "heat transfer”

The parametric criteria are obtained by expressing
the derivatives in eq 5 in terms of equipment design
parameters.

An example of thermal INstability is the temperature
discontinuity experienced in some pool boilers in the
vicinity of the maximum in the pool boiling curve.
(This discontinuity is often called "burnout'" in the old
heat transfer.) The old heat transfer contends that
the discontinuity WILL result if the heat source is
electrical or nuclear and will NOT result if the heat
source is thermal (such as a condensing fluid). Fer
example, texts on the old heat transfer contain state-
ments such as "With condensing vapor as the heat
source on one side of a wall, any point on the entire
pool boiling curve can be reached under stable
conditions.”

In heat flow, we recognize that this old view of the
temperature discontinuity is incorrect. The discontinuity
CAN be avoided even if the heat source is electrical
or nuclear—the discontinuity MAY occur even if the
heat source is thermal. Moreover, the parametric
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becomes a misnomer. Therefore | have given the name
HEAT FLOW

to the science presented in TNHT and this new generic
name will replace the "heat transfer" of the past.
In "heat flow,"” we have NO coefficients. We abandon
the concept of resistance/conductance and replace

it with the concept of behavior. We deal with the
thermal BEHAYIOR of interfaces, walls, etc. and
have no interest in their thermal CONDUCTANCE—ie
we deal with the functionality between g and AT
and NOT with the conductance ratio g/AT called "h™

in the old heat transfer.

In heat flow, we deal with both static and dynamic
design/analysis. Thermal statics deals with steady-
state equipment performance. Thermal dynamics deals
with' the manner in which equipment responds to
changes in operating conditions and also with the
question of stability—ie the ability of the equipment
to RESIST small changes and RETURN to the initial
condition. We deal with thermal stability by determining
parametric thermal stability criteria which make it
easily possible for designers to optimize and analysts
to predict the thermal stability of the equipment. These
parametric criteria are obtained from the generic
criterion for thermal stability first published in 1964:

dql dqo 1t
e e (5)
dt, dT

thermal stability criterion tells us how to optimize or
improve a given design. For instance, the criterion for
a pool boiler with a condensing fluid heat source
indicates that the thermal stability of a given boiler
can be improved by decreasing the thickness of the
boiler plate or by increasing dq/dAT at the condensing
interface.

This discussion of thermal stability will seem
elementary to those who are familiar with stability
in other fields, but the fact of the matter is that
thermal stability is not part of the old heat transfer.
For example, when the generic criterion (eq 5) was
first published only ten years ago, it was immediately
and publicly rejected by a number of authorities on the
old heat transfer. Another example is the design of
experimental pool boilers used to investigate so-called
transition boiling prior to 1964, Even a cursory design
review indicates that no attention was paid to the
requirements of thermal stability. In one design
described in the literature, the boiler plate was made
more than 2” thick in order to increase AT through
the plate—and this virtually guaranteed that it would
be IMPOSSIBLE to obtain the desired data!

In summary, the new heat flow deals with thermal
dynamics and thermal stability in a quantitative way -
whereas the old heat transfer recognizes neither their
existence nor their practical importance.
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CHAPTER 5 THE NEW ENGINEERING

Twentieth century engineering is founded
on “proportional concepts” such as h (heat
transfer coefficient), R (resistance), E
(modulus). They are proportional concepts
because their usefulness depends on
propertional behavior—ie they are of no use
unless q is proportional to AT, V is
Proportional to |, o is proportional to «.

Proportional concepts such as h, R, E were
born centuries ago when nonlinear behavior
was unimportant—Ohm did not know of
vacuum tubes or transistors, Fourier was little
concerned about boiling or condensation,
Hooke was little concerned about plastic
deformation. To the scientists of that time,
Nature seemed to work in a proportional way,
And since the Laws of Nature seemed
proportional, it seemed reasonable to assign

that simple problems are difficult and difficult
problems border on the impossible.

As described in TNHT, the new engineering
is much simpler and more powerful than the old
engineering because it substitutes “nonlinear
concepts™ for the proportional concepts of the
past. TNHT closes on the following note:

This book previews “the new engineering”—
an engineering science based not on the
proportional concepts of the 17th, 18th, and
19th centuries but on the new, nonlinear, free
form concepts presented herein. This book
illustrates the application of these new concepts
in general by demonstrating their application in
particular to the science of heat flow. The
application of these new concepis to other
branches of engineering science requires litile
more than the substitution of a different set of
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names and units to the proportionality
constants these laws contained. Thus h, R, and
E were born.

As the importance of nonlinear behavior
grew, it became necessary to reinterpret these
concepts. In heat transfer, h became the ratio
of q to A T rather than the proportionality
constant between q and A T. This corruption of
the original meaning of h made it possible to
retain the proportional concept h even when
dealing with nonlinear behavior. Unfortunately
this corruption also transforms the
proportional "Law of Nature"

q=h AT (1)
to the mathematically absurd relation
q9=(q/AT) AT (2)

The end result of this process is that the old
heat transfer rests on the mathematically
absurd foundation of eq 2. And this absurd
foundation creates so mich confusion and
artificial complexity in the old heat transfer

terminology for the heat flow terminology in
this book—much as in Chapter 9 the
transformation of fluid flow dynamics to heat
flow dynamics required little more than the
substitution of a different set o f key words and
symbols.

The most distinguishing feature of this new
engineering is its remarkable simplicity, This
simplicity will bring about an engineering
education of such broad scope and such simple
content that it would be deemed identically
impossible from the viewpoint of the old
engineering. The next few decades will bring
about the transformation from old engineering
to new engineering on a universal and practical
scale—and will be an exciting and rewarding
period for all whose lifework is engineering
science.

L8 Pl foh—

“The New Heat Transfer” can be obtained at your local
book store ($19.95: $22.95 overseas) or directly from
The Ventuno Press, Box 40321, Cincinnati, Ohio 45240.
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“The New Heat Transfer’” (TNHT) presents a new science of heat transfer—a new and better way
to design/analyze heat transfer equipment, a new and better way to correlate/understand heat transfer
phenomena. TNHT describes the new heat transfer in engineering language and illustrates its application
in numerous examples dealing with the design/analysis of hardware and the correlation/understanding of
natural phenomena.

This is the second in a series of TNHT chapter summaries which will appear here periodically.

Chapter 6 ‘THE DEATH OF DIMENSIONAL ANALYSIS

In Ch 6, we appraise dimensional analysis
and its attendant dimensionless groups or
numbers. We reject these concepts because:

DIMENSIONAL ANALYSIS CLOUDS THE MIND

It prevents rather than promotes an
understanding of natural phenomena. With
dimensional analysis, one invents an imaginary
world in which dimensionless "parameters"
(Nu, Re, Pr) replace real, physical parameters
(Ibs, ft, hrs), One then determines the
functional relationships among the
"parameters” of the imaginary world. The
difficulty with this is that one must ultimately
transform these imaginary world results to the
real world. This transformation may require

so much effort that one loses the ability to
relate the imaginary world to the real world, in
which case a "good"” solution in the imaginary
world is NO solution in the real world. For
example, it is often stated that film cooling
depends on "the important parameter (x/Ms)".
This imaginary world result seems to indicate
that film cooling really depends on s, yet when
transformed to the reai world, this statement
actually says that film cooling IN NO WAY
depends on s! ! !

DIMENSIONAL ANALYSIS IS NOT SCIENTIFIC

It is a deductive rather than inductive method.
The ancient Greeks were devotees of
deduction and it prevailed until Galileo
demonstrated that induction is the proper
method of science. His work proved that the
logical sequence in science is from experiment
to the intellect—that induction after the
experiment is infinitely better than deduction
before the experiment for the simple reason
that hindsight is more reliable than forsight.
Since dimensional analysis is deductive, it
cannot be regarded as scientific.

DIMENSIONAL ANALYSIS UNDERMINES THE
LITERATURE

It is largely responsible for the fact that there
is virfually NO DATA in the modern engineering
literature—300 years after Galileo
demonstrated that the most important part of
any experiment is the data—the measured
values of ihe;hyslcal parameters in the
experiment. Because of dimensional analysis,

the data are usually transformed to "non-data"
prior to publication—ie the data are
hopelessly muddled in dimensionless numbers
from which it is IDENTICALLY IMPOSSIBLE to
determine what was actually done or found

in the experiment. Thus dimensional analysis
undermines the literature because it causes
non-data to replace real data—the first
concern of science and the scientific literature.

DIMENSIONAL ANALYSIS LEADS TO RESULTS
WHICH BEAR NO RESEMBLANCE TO REALITY

In Ch 6, we review the literature over a period
of about 20 years and appraise the results
which were obtained by applying dimensional
analysis to ""film cooling". The appraisal
demenstrates that 20 years of dimensional
analysis led to the erroneous conclusions that:
the parameters of little importance were of
major importance; a parameter of major
importance was of no importance; there were
a multiplicity of regimes where in fact there
was only one; the empirical results described
a power law when in fact they did not;
correlations which predict values as large as
infinity are acceptable even though values
larger than unity are physically impossible!
And thus we are led to conclude that
dimensional analysis can and does lead to
results which bear no resemblance to reality
when transformed to the real world.

In the new heat transfer, we abandon
dimensional analysis, dimensionless numbers,
and dimensionless correlations because they
lead away from understanding, away from
reality, away from good design, away from
good analysis. We replace them with induction,
physical parameters, physical correlations, In
short, we abandon the imaginary world and
return to the real world.

Ch & closes on the following note:

The death of dimensional analysis and
dimensionless groups will be a giant stride
forward for heat transfer and for engineering.
I# is my hope and intent that this chapter be
the death warrant for the old way concepts
known as "dimensional analysis" and
“'dimensionless groups' (numbers).
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“The New Heat Transfer”” (TNHT) presents a new science of heat transfer—a new and better way to design/
analyze heat transfer equipment, a new and better way to correlate/understand heat transfer phenomena.
TNHT describes the new heat transfer in engineering language and illustrates its application in numerous
“ examples dealing with the design/analysis of hardware and the correlation/understanding of natural
phenomena.
This is the fourth in a series of TNHT chapter summaries which will appear in this space every other
month until the nine chapters of TNHT have been summarized.

Chapter 7 THE NEW POOL BOILING CURVE

In Ch 7, we take up heat transfer with phase
change. We apply the methods of the new
heat transfer to pool boiling data in the
literature and so obtain the new pool boiling
curve (PBC). (The PBC is the function q ( AT)
which describes the boiling process in a pool
boiler containing a saturated pool.)

The new PBC bears little resemblance to the
old PBC in spite of the fact that both are
based on the same data. For instance:

1) The old PBC contains « NON-boiling

region ! ! In other words, boiling does NOT
occur at all points of the old PBC. Conversely,
boiling occurs at ALL points of the new PBC.

2) The nucleate boiling (nb) "regime" of the
old PBC is highly NON-linear—ie the
correlating methods of the old heat transfer
lead to

Qo ATH (1)
where n is 3 to 4. Using the methods of the new
heat transfer and the data in the literature, we
conclude that the nucleate boiling "regime™
is highly LINEAR, (An appraisal of the
methodology leading to eq | reveals that this
eq is primarily the result of dimensional
analysis and the vagaries of log log paper.
Eq | does not agree with the data in the
literature or with our thermodynamic
understanding of the boiling process.)

3) It has been observed for several decades
that liquid metals often boil in an oscillatory
manner in pool boilers. In the new heat transfer
this behavior indicates thermal instability and
tells us that the PBC must have TWO regions

in which da/d AT is negative. The subject of
thermal stability is not within the "knowledge
envelope" of the old heat transfer and thus no
specific inference was drawn from the

unusual behavior.

In a much broader sense, Ch 7 illustrates -
that the methods of the old heat transfer lead
to correlations which bear little or no
resemblance to the experimental evidence, For
example, Ch 7 describes one investigation in
which the metheds of the old heat transfer
resulted in the correlation of data which did

not exist—and the rejection of the data which
actually did exist! The end result was that the
investigators concluded that the behavior was
highly NON-linear when in fact the data
iv.-irongly suggested that the behavior was

inear.

The many discrepancies between correlation
and experiment in the old heat transfer are due
primarily to dimensional analysis, a priori
deduction, dimensionless “"parameters”, and
log log graph paper. The new heat transfer
leads to agreement between correlation and
experiment because it abandons these old
methods and replaces them with data analysis,
a posteriori induction, physical parameters,
and linear graph paper. The end result is that
data reduction and correlation is much simpler
and more reliable in the new heat transfer.

On the strength of the many examples in

Chs 6 and 7 which document the ineffectiveness

of the old heat transfer methods, TNHT

concludes that
all the [correlations) of the old engineering
must be reviewed and appraised fo
determine that they accurately describe the
real world. And we should expect this review
and appraisal o be more than an academic
exercise—we should expect to find a good
many surprises—as surprising as the
realization that the nucleate boiling
exponent is not '3 or 4" because it is
essentially 1.

The review and reapparisal of correlations
within the framework of the new heat transfer
is quite simple—it requires only that the
correlations be measured against the data.
Unfortunately, this will often not be possible
because the methods of the old heat transfer
generally lead to the destruction of the data
and the preservation of the non-data—ie the
preservation of the dimensionless
"parameters” from which it is identically
impossible to determine what was actually
done or found in the experiment.
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