/1)

In the old heat transfer, we deal with heat flux g and tempera-
ture difference AT using A. But what exactly is A? It is important
to recognize that h is /AT because it is the key to what’s wrong
with h.

ISIT A GOOD IDEA TO USE ¢/AT?

Ifitis a good idea to use g/AT (ie &) to deal with g and AT, then
it must also be a good idea to use y/x to deal with y and x. Is it?
Is y/x important in the solution of y and x problems? And of
course the answer is that y/x is of no importance in the solution
of yand xproblems. Infact, y/xis eliminated whenever possible!

WHY NOT USE y/x?

A simple example illustrates why it is not a good idea to use
y/x to solve y and x problems: Given Eq 1, what is the value of
xat y=4?

yix=3+T/x (1)

This problem is solved simply and directly only if we elimi-
nate y/x and rewrite Eq 1 with y and x separate. If we insist on
using y/x to solve the problem, the solution is much more difficult
— it requires iteration using Eq 1 and Eq 2!

y = (y/x) (x) (2)

Why not use y/x? Why “separate the variables”? For only one
reason — because it is simpler to solve problems with y and x

separate.

SHOULD ¢/AT BE ABANDONED?

If y/x is avoided/eliminated in mathematics, surely g/AT
should be avoided/eliminated in heat transfer. And yetg/AT (also
known as k) is the foundation of convective heat transfer! And
Eq 2, which has no use in mathematics, is exactly analogous to
the fundamental equation for convective heat transfer:

q = h AT = (g/AT)AT 3)

In summary, the decision to use & involves the unconscious
decision to solve heat transfer problems without separating the
primary variables. For this reason, k (ie g/AT) complicates the
solution of every problem it touches. And that is why h should
be abandoned.

THE GRAPHICAL ANALOG OF h

Everyone knows that the graphical analog of velocity is the
slope of the tangent on a plot of distance vs time. Yet few heat
transfer workers know that the graphical analog of 4 is the slope
of the dashed line in Fig 1!

~ Noreader has ever learned to use the slope of the dashed line

_ tosolve problems in mathematics. Why not? Because that would
be a terrible way to solve problems. And yet the slope of the
dashed line is the basis for solving convection problems in the old
heat transfer!!!

AS M

&
WHAT'S WRONG WITH h? MfF Yevr

THE NEW AND SIMPLE WORKHORSE
Eq 4 is the first thing one learns in the old heat transfer:

U= ! @
1/h, + 1/h, + tik
Since Eq 4 is part of the old heat transfer, ¢ and AT are not
separated. If we separate g and AT in Eq 4, we obtain Eq 5 which

is the workhorse of the new heat transfer:

&mei = Af! + AT2 + ATWH (5)

It is important to note that:

Eqs 4 and 5 are identical — the only difference is
language. Eq 4 is written in the unintelligible language of
unseparated variables — of coefficients. And Eq 5 is writ-
ten in the highly intelligible language of separated vari-
ables.

Every problem that can be solved with Eq 4 can be solved
with Eq 5.

If the problem involves nonlinear thermal behavior (such
as free convection or boiling), the solution will be much
simpler using Eq 5 rather than Eq 4. Many nonlinear
problems are so difficult using Eq 4 they have never been
solved in the old heat transfer! These same problems are
readily solved in the new heat transfer using Eq 5.

THE ANSWER AND THE CURE

What's wrong with 2?7 h makes it impossible to separate the
primary variables ¢ and AT, resulting in a heat transfer science
which is mathematically absurd. The cure for this malady is to
abandon/avoid/outlaw/eliminate h, and to insist on separating g
and AT.

The application of this cure results in the new heat transfer
science conceived by Eugene F. Adiutori — a science which has
nothing to do with A, and in which q and AT are kept separate.

4 h at Point A
B is the slope of
the dashed line

0,0 AT

Figure 1. The graphical analog of &
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The concept of the heat transfer coefficient (h) works
reasonably well when dealing with proportional heat trans-
fer -- ie heat transfer in which the heat flux (g) is proportional
to the temperature difference across the boundary layer (AT)
-- ie heat transfer in which 4 is independent of AT -- ie heat
transfer in which / can be treated as a constant in the old heat
transfer equation.

g=hAT (1)

On the other hand, when the heat transfer is not propor-
tional -- ie in the general case where h depends on AT and can
not be treated as a constantin Eq 1 -- then the 4 concept does
NOT work reasonably well. In the general case, the h
conceptis ABSURD because it results in the invention of an
extraneous variable -- the variable 4!! The end result of this
invention is that problems in TWO variables (¢ and AT) are
transformed into problems in THREE variables (g and AT
and A)!!!

Figures 1 and 2 describe heat transfer which is not pro-
portional. Both figures contain EXACTLY THE SAME
information. Figure 1 is old heat transfer methodology -- it
is based on h and Eq 1. Figure 2 is new heat transfer meth-
odology -- it is based on abandoning # and Eq 1, and
replacing them with Eq 2:

q=f(AT) B

ASMO

h - AN INVENTED VARIABLE ”/r Do

Because of the invented variable 4 inherent in the old heat
transfer, problem solution using Figure | is unnecessarily
difficult -- note that the problem solution is based on three
variables even though the problem actually consists of only
two variables. On the other hand, problem solution using
Figure 2 is much simpler because the solution has nothing to
do with the invented variable A, and thus the solution is based
on two variables rather than three.

If the reader will solve the simple problem below using
Figure 1, and then repeat the solution using Figure 2, he will
find that the problem solution using Figure 1 and the old heat
transfer takes AT LEAST 100 TIMES LONGER than the
solution using Figure 2 and the new heat transfer. And the
sole reason for the difference in the two solutions is the
invention of the variable / -- a variable which is fundamental
in the old heat transfer, and which has no place in the new
heat transfer science conceived by Eugene F. Adiutori.

The problem below is extremely simple, and can readily
be solved using either the old or the new heat transfer. The
purpose of the problem is to illustrate that the invention of
the variable h does indeed complicate the solution of prob-
lems. In later ads, we will take up the solution of more
difficult problems, and we will find that the solution of
certain practical problems is virtually impossible using the
old heat transfer and the invented variable 2. We will also
find that the solution of these same problems is quite simple
using the new heat transfer, and the simplicity is the direct
result of abandoning the invented variable A.

PROBEEM : The heat flux (g) is 250. What is the AT?
First solve using Fig. 1, then solve using Fig. 2.

10
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WHO REALLY ORIGINATED THE h CONCEPT?

The new heat transfer conceived by Eugene F. Adiutori
abandons the heat transfer coefficient (h) concept and replaces
it with the "thermal behavior” concept implicit in

q = f(AT) (1)

But before we relegate h to the history books, let us determine
who really originated the h concept.

THE MYTH

Heat transfer texts generally agree that Newton originated
the h concept and that the pioneering article was Newton's
'A Scale of the Degrees of Heat" published in 1701 (1).
For example, Giedt (2) states:

The concept of a heat transfer...coefficient was introduced
by Newton in 1701 (1). He recommended

q=hAT (2)

Similar statements and with the same reference are made by
Jakob (3), McAdams (4), and Rohsenow and Choi (5). Similar
statements, but with no specific reference, are made by Eckert
and Drake (6), Holman (7), Kreith and Bohn (8), Luikov (9),
Rohsenow and Hartnett (10), and Incropera and DeWitt (11).

THE REALITY

Newton's article has nothing to do with h — nothing to do
with Eq 2 — nothing to do with "heat" in the modern, scientific
sense. Newton's article is concerned with only one thermal
parameter — temperature.

The main thrust of Newton's article is a temperature scale
he proposes in which zero degrees is "the heat of Winter Air,
when Water begins to freeze, " and 12 degrees is "The greatest
heat that the Thermometer receives by the Contact of Human
Body." Within the framework of his proposed temperature scale,
Newton reports the temperatures of various phenomena he had
measured using a "Thermometer constructed of Linseed Oyl"
to measure moderate temperatures, and a transient technique
to measure elevated temperatures.

In the transient technique, Newton observed hot specimens
as they cooled and solidified. He determined the freezing tem-
peratures by theorizing about cooling curves and utilizing the
conclusion that "if the Times of Cooling are taken equal, (then)
the Heats will be in a Geometrical Ratio, and therefore are
easily found by a Table of Logarithms."

Note that the word "heat" appears in the title and throughout
Newton's article, but in every case, its meaning is obviously
lemperature.

THE PREREQUISITES

Since h is the ratio of heat flux to temperature difference,
an understanding of the h concept requires an understanding
of the following concepts:

* Temperature — an intensive thermal parameter.
* Heat — an extensive thermal parameter.
® Flux — A flow through a surface.

The literature indicates that Newton had no understanding of heat
or flux because he died (1727) long before these concepts
were born.

It is generally agreed that, in 1760, Joseph Black was the
first to clearly distinguish between heat and temperature — the
first to conceive the extensive thermal parameter we now call
"heat." (See Ref 12.)

The concept of a flux originated with Fourier in the early
19th century. (See Ref 13.) Thus Fourier was the first to grasp
all of the concepts which underly h.

THE CONCLUSION

Fourier was the first to possess the conceptual tools necessary
to understand h, but of course this does not prove that he
originated the h concept. However, in Ref 14, Fourier tells us
that he did in fact originate h:

We have taken as the measure of the external conducibility
of a solid body a coefficient h, which denotes the quantity
of heat which would pass...from the surface of this body,
into atmospheric air (per unit time, area, and temperature
difference).

Fourier's claim is convincingly validated by the fact that his
eminent colleagues, Biot and Laplace, could not correctly solve
even the simplest problems involving convective heat transfer.
(See Ref 13.) On the other hand, Fourier had no difficulty solving
such problems, as evidenced by the many correct solutions he
presents in Ref 14,

In summary, there is no evidence that Newton originated
the h concept, and strong evidence that Fourier did. Therefore
the Newtonian myth should be abandoned, and Fourier
should be credited with the h concept.
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THE NEW HEAT TRANSFER

The new heat transfer conceived by Eugene F. Adiutori does not use heat transfer coefficients because they
artificially complicate the solution of every problem they touch.

The old way/new way dictionary below translates old way expressions containing h to new way expressions
which eliminate h. The translation is accomplished by replacing h with the dimensional group (q/AT) and then

separating q and AT.

OLD WAY
q = h AT
h = 13 at all values of AT
h = 23 AT
k=11
Nu = .023 Re® Pr*

1
b 10 £ 1k

Note in the above that:

® qand AT are EXPLICIT in all new way expressions.

(1)
(2)
3
4
(5)

(6)

® qand AT are SEPARATED in all new way expressions.

NEW WAY
q = f{AT}
q = 13 AT
g=7
q= 11AT/L

q = .023 (k/D) Re*Pr* AT

® Eq 6-new is so simple as to be truly obvious. Yet this simple expression is the workhorse of the new heat transfer. -

The next ad in this series will demonstrate the solution of practical problems using Eq 6-new and expressions

such as Eq 2-new through 5-new.

Please send me a copy of Name: Mail to:

THE NEW HEAT TRANSFER Aiea SR o
on 30-day approval.

If I do not return it City: 61‘8 \-Vaycf'oss Road
within 30 days, =g e Ensn:mnan, OH 45240
bill me $34,95.
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The dimensionless group x/ms is widely used to
correlate film cooling data and to design/analyze film
cooled equipment --gas turbine components, for example.
Since x/ms has no widely accepted name, let us christen it
“Wilbur number” for the sake of discussion. Indealing with
film cooling, it is important to be consciously aware that

The Wilbur number in no way depends on m or s.

In other words, the value of the Wilbur number may be
computed by dividing x by m and s, but the Wilbur
number is identically independent of m and s. Therefore any
correlation/design/analysis based on thinking that the
Wilbur number accounts for the effects of m and s is likely
to be a very poor correlation/design/analysis.

DOES THE PRANDTL NUMBER DEPEND ON
DENSITY?

Suppose we write the Prandtl number in such a way that
density explicitly appears:

Prandtl number = Cup/k (1)

Eq 1 certainly seems to say that the Prandtl number depends
on density. Yet Eq 1 actually states that Prandtl number in
no way depends on density. Note that p is implicit in v, and
the implicit p cancels the explicit p, leaving Cp/k.
Expressed analytically,

Bemigi asimbes - =~ _ Cp G @)
k kp k

DOES x/ms REALLY DEPEND ON x, m, ANDs?

Similarly, the Wilbur number can be expressed in a form
which explicitly includes m and s, even though the Wilbur
number in no way depends on m or s. Notice that

x xG xGA xGLs xG
Wilbur number = — = = = =— (3)
ms Gs Ws Ws W

Note that s is implicit in m, and the implicit s cancels the
explicit s--and at the same time eliminates m.

Eq 2 demonstrates that Prandtl number depends on C, j,
and k--and in no way depends on p. Eq 3 demonstrates that
Wilbur number depends on x, G, and W'--and in no way
depends on m or s.

ToOHMT

WHAT'S WRONG WITH x/ms?

bock
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THE CONFUSION CAUSED BY x/ms
In texts and in the literature, one often finds words such as:

In film cooling, the important parameters are X, m
and s. Film cooling effectiveness can be estimated by
correlations of the form

n = a(x/ms)° @)

Notice that the above passage begins with a statement thatm
and s are of primary importance and concludes with a
correlation in which m and s are of no importance!!

Moreover, any attempt to determine the optimum values
of m and s from Eq 4 will be an exercise in futility
because Eq 4 states that m and s have no influence on 1!
Eq 4 states that a slot height of 1 mile will result in precisely
the same 1 as a slot height of 1 inch. And yet Eq 4 seems
to state that the designer should optimize the design by
proper selection of m and s!

WHAT EXACTLY IS WRONG WITH x/ms?

The difficulty with Cup/k is that it defines Prandtl number
in terms of dependent parameters--v and p are dependent.
That is why Cup/k seems to depend on p when in fact it
does not. Similarly, the difficulty with x/ms is that it
defines the Wilbur number in terms of dependent parame-
ters--m and s are dependent. That is why x/ms seems to
depend on m and s when in fact it does not.

THE GENERIC CURE
The generic cure for what is wrong with x/ms and similar
groups is quite simple:

Dimensionless groups should be dealt with in terms of
independent parameters.

Once we accept this simple premise, it follows that
x/ms must be abandoned -- and must be replaced by
xG/W'because x, G, and W' are the independent parameters
on which Wilbur number actually depends.

And by making this simple replacement, we take a
giant stride forward in our ability to deal with film cooling
data and film cooled equipment.

NOMENCLATURE

A slot area s slot height
C specific heat w coolant flow rate
G coolant mass flow rate at slot exit W' W/L, coolant flow rate per unit slot length
G’ mainstream mass flow rate at slot exit X distance frpm S!Ol exit
k thermal conductivity 1! absolute viscosity
L slot length v kinematic viscosity
m G /G p density

° n film effectiveness

The New Heat Transfer by Eugene F. Adiutori is available at bookstores ($49.90) or directly from the publisher:
Ventuno Press, 6792 Timberwood Dr., West Chester, Ohio 45069, USA.
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WHAT'S WRONG WITH THE POOL BOILING CURVE?

The New Heat Transfer by Eugene F. Adiutori presents an
unconventional view of boiling heat transfer. This new view
begins with a study of the behavior of a vented pool boiler
because it is the simplest boiling equipment and has been
researched extensively. To deal with this equipment using the
new heat transfer, we need a description of the thermal behav-
ior of the boiling interface — ie we need the function g(AT)
where ¢ is heat flux and AT is temperature drop across the
boiling interface. :

In the old heat transfer, g(AT) in pool boilers is called the
“pool boiling curve™ (PBC), and so we begin our study by
reviewing/ appraising the PBC of the old heat transfer. This
appraisal leads to the conclusion that the old PBC does not
accurately describe the behavior of pool boiling interfaces and
must be revised.

WHY MUST THE OLD PBC BE REVISED?
It is widely agreed that the PBC of the old heat transfer
exhibits the following characteristics:

* The PBC qualitatively resembles Fig. 1.
* Nucleate boiling is generally described by

q o< AT M
® Transition boiling is generally described by a straight

line connecting the maximum and minimum points on
log log paper.

The old PBC must be revised because:

® Figure 1 does not qualitatively describe a reasonable
definition of “pool boiling curve.”

® The literature data do not support the conclusion that
nucleate boiling is generally described by Eq. 1.

® The literature data do not support the conclusion that
transition boiling is generally described by a straight
line connecting the maximum and minimum points on

log log paper.

WHAT EXACTLY IS A PBC?

In the old heat transfer, “pool boiling curve” is seldom
defined — itis simply presented as the verbal equivalent of the
curve in Fig. 1. Now let us correct this omission:

* “Boiling” is a process in which heat transfer generates
bubbles in a liquid.

® “Pool boiling curve” is the locus of points relating g to
AT in a pool boiler which is boiling.

The key point in these working definitions is that if there are
no bubbles, there is no boiling. And if there is no boiling, there
is no boiling curve.

REVISING THE OLD PBC — STEP 1

[tis self-evident that boiling should occur at all points of the
PBC. Therefore we mustrevise the old PBC because itincludes
a region in which boiling does not occur.

In Fig 1, no boiling occurs in the region directly below the
words “boiling curve™! (These words are oriented exactly as
they appear in the PBC by Farber and Scorah (1), Kreith (2),
Rohsenow(3), Holman (4). Other texts such as Kreith and
Bohn (5) show the PBC with the same non-boiling region, but
omit the words over the curve.) Therefore the first step in
revising the old PBC is:

Erase the non-boiling region of the old PBC.

REVISING THE OLD PBC — STEP 2

When the non-boiling region of the old PBC is erased,
g(AT) is undefined below certain values of g and AT. Thermo-
dynamic reasoning suggests a minimum A7 below which
boiling does not occur, but nothing suggests a minimum g.
Therefore the second step in revising the old PBC is:

Determine the PBC at small values of q.

This will require a specially designed test boiler, since con-
ventional test boilers generally do not boil at low values of g.
(Two operating modes are possible at low values of g. One
mode is boiling, the other is free convection with evaporation
at the free surface. The boiler design partially determines
which operating mode will prevail.)

REFERENCES:

1. Farber and Scorah, Trans ASME, 1948, 79, 369

2. F. Kreith, Principles of Heat Transfer, 3rd ed., 1954
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4. J.P. Holman, Heat Transfer, 4th ed., 1976

5. Kreith and Bohn, Princ. of Ht. Transfer, 4th ed., 1986
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FIGURE 1. THE OLD POOL BOILING CURVE
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IS NUCLEATE BOILING REALLY DESCRIBED BY g=a AT 2

For 30 or 40 years, heat transfer texts have agreed that
nucleate boiling data are described by power laws. McAdams
(1) states: "in the range of strong nucleate boiling, the data of
many observers may be expressed by

q=aAT" (n
where nisa constant ranging from 3 to4". Similar correlations
with n=3 are given by Jakob (2), Rohsenow (3), Holman (4),

Kreith (5), Rohsenow and Hartnett (6), Brooks (7), and Kreith
and Bohn (8).

HOW WAS EQUATION 1 OBTAINED?

Equation 1 was obtained with the correlation methodol-
ogy of the old heat transfer: (1) Plot the data on log log paper:
(2) Draw the best straight line through the data; (3) Measure the
slope of the best straight line and equate the slope to the
exponent in a power law.

WHAT'S WRONG WITH THE OLD WAY?
The difficulty with the old way may be seen by noting that
Eq 1 is a particular form of

y=mx"+b (2)

Eq 2 is a straight line of positive slope on log log paper only
if b=0. If in fact b0, the slope of the best straight line will
not equal the exponent.

The difficulty may also be seen by noting that boiling
ceases long before AT — 0 (see Ref 9), and therefore there is
no good reason to suppose that the boiling function passes
through (0,0). Yet the old way requires the assumption that
the boiling function passes through (0,0) because all straight
lines of positive slope on log log paper pass through (0,0),

THE "NEW" WAY

In the new heat transfer science by Eugene F. Adiutori,
correlations are induced from the data without prejudice--
without preconceived notions about functionality. This "new"
method is of course the method of Galileo--the so-called
scientific method.

In the new heat transfer, we recognize that there is no good
reason to suppose that Nature prefers power laws, and so we
reject log log paper in favor of linear paper. Why linear paper?
Because it gives a clear "picture” of the functionality we wish
to induce, and because its use requires no a priori judgement.

APPLYING THE "NEW" WAY

Mesler and Banchero (10) obtained 600 boiling data points
at pressures to 500 psi using four different liquids. They
correlated their data using the same method used in the new
heat transfer. And they found that all their data were well
correlated by straight lines on linear paper. And therefore
the AT exponent indicated by the data was 1--not 3!!

Thenthey analyzed the data of Perry (11), the data of Cichelli
and Bonilla (12), and the data of Corty (13), and they found

that the data of all these researchers indicated a AT exponent
of 1 because all the data gave straight lines on linear paper!

Figure 1 contains benchmark data by Berenson (14) plotted
on linear paper. Notice the high degree of linearity--most
points fall within 2 F of the lines! Also notice that the functions
do not pass through (0,0).

The data in Fig 1 are the same data presented by Rohsenow
on log log coordinates (page 13-18, Ref 6). Notice on
Rohsenow's log log graph that straight lines are drawn through
the data, that the slope of the lines is indeed "3 to 4", and that
the data "points" are as much as 5 F wide.

THE EXCITING CONCLUSIONS

® The nucleate boiling data in the literature indicate a highly
linear relationship between q and AT. Therefore nonlinear
correlations such as those in Refs | to 8 must be abandoned.

® The data correlation methodology of the old heat transfer is
not rigorous and must be abandoned in favor of the scien-
tific method.

® All correlations obtained with the old way are suspect and
must be reexamined.
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Fig. 1 Boiling data by Berenson (14) on LINEAR paper
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DOES A STRAIGHT LINE ON LOG LOG PAPER REALLY
DESCRIBE TRANSITION BOILING DATA?

The g(AT) functionality in transition boiling is particularly
important because dg/dAT has a profound influence on the
thermal stability of boilers intended to operate in the transition
region (as we shall see in an upcoming ad). Berenson (1)
performed a benchmark experiment which determined g (AT)
functionality in transition boiling. He states:

[t was found, with the exception of some of the data...that
the transirion-bailing data lie along a straight line...on log log
graph paper. This is also true of the transition boiling data
obtained by Braunlich (2) and Kaulakis and Sherman (3).
In summary, three experiments performed at a prestigious
university over a period of twenty years all indicated "a
straight line on log log graph paper”.

CORRELATION METHODOLOGY--OLD VS NEW

In the old heat transfer, correlation is usually based on the
conscious or unconscious assumption that Nature's parame-
ters are related by power laws. The logical result of this
assumption is the widespread use of log log paper to plot/
correlate data.

In the new heat transfer conceived by Adiutori (4), correla-
tion is based on induction from the data, and linear paper is
the logical choice because it simplifies the task of "seeing”
the functionality suggested by the data.

CORRELATING BERENSON'S TRANSITION
BOILING DATA

Using the methodology of the old heat transfer, Berenson
plotted the data from 20 runs on log log paper. Each run
contained "enough datum points...to define the (boiling)
curve completely”. He concluded that transition boiling data
usually describe straight lines on log log paper, and that on
rare occasions, the data describe a complex shape.

Using the methodology of the new heat transfer to plot/
correlate Berenson's data, it becomes apparent that:

®* 17 of the 20 runs contain virtually no data in the
transition region. These runs can be described by
“straight lines on log log paper” only because they
contain virtually no transition region data.

* 3 of the 20 runs did contain transition data. These are
the rare exceptions noted by Berenson which gave a
complex shape on log log paper.

* The 3 exceptions are plotted in Fig 1 on linear paper.
From this figure, Adiutori (4) concluded that "g(AT)
is highly linear in the transition region (of Berenson's
data), and more evidence is required to reach a firm,
general conclusion”.

CORRELATING HESSE'S TRANSITION BOILING
DATA

At the time of Berenson's experiment (1960), there was no
quantitative understanding of thermal stability, and thus
Berenson's boiler was not well designed for operation in the
transition region (as noted in Ref 6). Hesse's (5)

experiment followed the publication of a quantitative
theory of thermal stability by Adiutori (7), and his boiler
was much better designed for operation in the transition
region. The end result was that Hesse obtained a good deal of
transition boiling data, whereas Berenson did not.

Using the methodology of the old heat transfer, Hesse
plots the data from 15 runs on log log paper. All runs give
a complex shape, and no correlation is offered to describe
the complex shape.

Using the methodology of the new heat transfer to plot/
correlate Hesse's data, we find that the data describe straight
lines on linear paper, thus demonstrating the generality of the
tentative conclusion in Ref (4) that "g(AT) is highly linear in
the transition region”.

CONCLUSIONS

® Astraight line on log log paper does not describe transition
boiling data.

® Transition boiling data are highly linear.

* The data correlation methodology of the old heat transfer
must be abandoned because it often results in correlations
which do not resemble the data correlated.
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