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Theme

AN analysis and generalization of the so called ''inverse
method is undertaken. The inverse method consists of

determining some variables experimentally and in using them
in equations to compute other variables. When generalized,
this method becomes a procedure to obtain maximum in-
formation out of a set of experimental data. It can even be
considered a method of investigating physical problems which
combines the advantages, and limits the disadvantages of
solely experimental or theoretical approaches. The logic of the
method is outlined and its properties are listed. An in-
troductory example is given while complete and incomplete
examples can be found in the backup paper.

Contents
This synoptic, and its backup paper, do not deal with a

specific research problem but rather with the question of how
to get the most out of experiment and theory. Advantages are
shown to derive from coupling them closely in the explained
manner. It consists of initially avoiding the use of the more
uncertain assumptions and equations in the formulation of
theoretical models by replacing them with experimental data.

The concept of measuring some variables and using them in
equations to determine other variables is not a new one. It is
often called the "inverse approach." However, in all the ap-
plications of which this author is aware, the full advantages of
this approach were never exploited; they were ad hoc, in-
complete applications. This is because the method itself was
never formalized, i.e., a logic for its application was never
outlined, and its properties were never identified and listed. It
is the purpose of the paper to make a first step toward such a
formalization. This method is here called the Experimental
Data Optimal Utilization Method, or briefly, the EDOU
method since this name best represents what is perhaps the
most outstanding of its many properties.

In this synoptic, the EDOU method is defined and its
properties are listed in summary forms. Also given is an in-
troductory, schematic application. A complete, practical ap-
plication is summarized in the backup paper (with details
given in Ref. 1) where other examples of similar uses of ex-
perimental data, mostly by other authors, and from the field
of reactive fluid dynamics, are also briefly reviewed to point
out the generality and usefulness of the EDOU method. These
examples include applications to steady spray combustion,2'3
unsteady combustion of solid propellants,4 detonation of
solid explosives,5 chemical kinetics,6 internal combustion
engines,7 and flame structure studies.8 The EDOU method
and its properties.

Given a physical problem, the Experimental Data Optimal
Utilization Method to study it consists of: 1) a study of the
equations to indentify the weakest assumptions, the
measurable variables, and the possibility of splitting the
system of equations into subsystems; 2) the collection of ex-
perimental data to determine some of the variables; 3) the
solution of subsystems of equations with the direct use of the
experimentally determined variables; and 4) the recon-
struction of the complete solution.

This method is particularly useful when some of the con-
trolling processes of a complex problem are either unknown
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or subject to inaccurate representation. Then it allows one to
approach the complete solution by successive steps. At each
step, maximum information is extracted from the ex-
perimental data and the accuracy of the assumptions and of
the experimental data themselves is checked. More
specifically, the properties of this method are: 1) Ex-
perimental Data Information Optimization: The direct sub-
stitution of some experimentally determined variable in the
equations often allows one to evaluate other unknowns
readily, thus extracing maximum information from the ex-
perimental data; 2) Experimental Data Check: When the ex-
perimentally determined variables are used in the general
equations and the equations are solved, the newly determined
variables often take on unrealistic values if the data used are
in error. Researchers using the conventional theoretical ap-
proach often do not closely evaluate the accuracy of the ex-
perimental data. On the other hand, experimentalists do not
always select the most informative parameters to be measured
or may be unaware of their experimental errors. Practice has
shown that in using the EDOU method, seemingly consistent
data were actually found to be in error, and, subsequently, the
source of error was identified; 3) Set Splitting: An important
property of the EDOU method is its splitting of the equations
into uncoupled groups. The unknowns are also split into
groups and some of them are completely determined, while
others remain bound by functional relationships; 4)
Mathematical Simplification: Both the conventional ap-
proach and the EDOU approach require the same amount of
experimental data and the solution of the same equations but
for different unknowns. Actually, in the EDOU method, one
often has to solve fewer equations than in the conventional
one. This is so for two reasons. First, one or more of the
unknowns is determined via measurements and, therefore,
one or more of the equations can be dropped (except for being
used later to check the accuracy of the experimental data and
of the assumptions). Second, the equations are split into
subgroups which are solved in series. The solution of each
subsystem is generally easier than the solution of the complete
sytem. Furthermore it is not always necessary to solve all the
subgroups. Finally, in the conventional approach, a primary
source of error may be hidden in the mathematical ap-
proximations which are often made to obtain the more dif-
ficult solution of the complete set of equations; 5) Assump-
tion Splitting: Associated with the property of splitting the
equations into uncoupled groups, is the property of splitting
the assumptions into groups as well. This property is im-
portant and, therefore, is given separate heading. The EDOU
method leads to the solution of subsets of equations which in-
corporate only subsets of assumptions. The validity of the
smaller number of assumptions involved in each subset of
equations can be evaluated independently. This is much easier
than having to evaluate the validity of all assumptions ap-
pearing in all of the equations simultaneously; 6)
Parameterization: It may occur that it is not possible or prac-
tical to measure enough of the variables and that only an un-
derspecified subset of equations can be isolated, i.e., the sub-
set contains more unknowns than equations. In this case, it is
often possible and advantageous to solve the underspecified
subset for specific values of some of the nonmeasured
unknowns. A parametric set of restricted solutions is thus ob-
tained. It is found that the study of these parametric solutions
is very useful in helping one to determine the physical and
mathematical properties of the problem. In particular, the
family of solutions could be sufficiently narrow so as to be
used as a unique solution. Obviously, the existence of useful
parametric solutions is related to the physical nature of the
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problem. However, the existence of such solutions is more
likely to unfold during the application of the EDOU method
because it is based on the search for restricted solutions from
its inception; 7) Maximum Information: This last property is
possibly the most important yet the most difficult to define
specifically, Having a complex problem, there is always some
variable which can be readily measured (like pressure in many
fluid dynamics problems). The basic equations can then be
studied using directly the measured variable. In so doing, a
wealth of information about the nature of the problem, the
properties of its solution, the ordering of the terms in the
various equations, and the mathematical techniques to be
used in the study of the complete set of equations becomes
available; so does experience show.
An Introductory Example: Consider a one-dimensional,
steady flow in a duct of slowly varying cross-sectional area.
Assume that both the termal and the caloric equations of state
of the fluid are unknown. Assume also that thermal energy is
added to the flow by some process of unknown nature or rate.
The following conservation equations can then be written be-
tween any two sections of the duct

p1u1A1=p2u2A2 (1)
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-7-1 pdA)
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pdA=p2u2

2A2+p2A2Ai
e1+pI/p1+u2

1/2+£=e2+p2/p2 + u2
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p=p(p,T)
e = e(p,T)

(2)

(3)

(4)

(5)

(6)
where the first three equations represent the conservation of
mass, momentum and energy (with the unknown energy
source, £ ) > and the next two represent the missing thermal
and caloric equations of state (p = density; u — velocity;
A= cross-sectional area; p = pressure; e = internal energy;
T— temperature).

The conventional theoretical way of attacking the problem
would be to postulate controlling physical processes and to
write down expressions for the energy source and for the
equations of state (and may require the introduction of ad-
ditional equations as for the conservation of chemical species,
for example). The resulting equations would then be solved.
Finally, a quantity would be measured, say, the pressure
along the duct and compared with the predicted one. The
model would then be modified until theoretical and ex-
perimental results match. Notice the following: 1) The ex-
perimental data were used to check the theoretical results and
not directly in the process of formulating the model; 2) There
is no way of knowing how accurate the experimental data are.
The experimental data could be in error and the model might
be adjusted to predict the wrong data; 3) In the theoretical
study, a system of at least six coupled equations must be
solved. To reach the solution certain mathematical ap-
proximations might be necessary; 4) In the formulation of the
model, many assumptions may have to be made. If the model
yields results not quite in agreement with the experimental
ones, some difficulty may arise in deciding which of the
assumptions should be modified.

In the EDOU method, the formulation of a complete model
is temporarily postponed and the equations are studied to see
if quantities could be measured which would allow one to
solve some of the equations for some of the unknowns
without having to use the most uncertain of the assumptions.
It is then noticed that the first two equations contain only
three unknowns. Thus, if one of the unknowns is measured,
the other two can be determined without any assumption
about the energy source and the equations of state. Ac-
cordingly, if p is measured along the duct, p and u can then be
computed provided initial values are known. Setting p = p2/
p]t u = u2/u}, p=p2/Pi, A =A2/A} one finds

(7)

(8)

Now one knows not only/?, but also p and u, and more in-
formation is available on which to base further exploration.
Notice the following: 1) Experimental data are needed sooner
or later in both approaches. In the EDOU approach one ob-
tains more information out of the experimental data since the
knowledge of p led to the knowledge of p and u without any
more assumptions than were already imbedded in the
equations (Experimental Data Information Optimization); 2)
After having determined p and u, one can make a few
measurements of u and see if it agrees with that calculated by
the first two equations. If it does, the first two equations are
correct and pressure measurements are reliable. If it does not,
either there is an error in the measurements or more terms
must be added in the first two equations (for example,
viscosity effects should not have been neglected). (Ex-
perimental Data Check); 3) The system of six equations has
been split into two subsystems. A subsystem of two equations
(already solves) and a subsystem containing the remaining
equations still to be solved. The mathematics is then simpler.
(Set Splitting and Mathematical Simplification); 4) When the
equations were split so were the assumptions. The assump-
tions going into the first two equations can be checked in-
dependently of the asumptions going into the remaining four
equations (Assumption Splitting).

The previous, schematic example is an incomplete ap-
plication of the EDOU method because it does not exemplify
two important properties of the method, parameterization
and maximum information, and because it leaves out the
fourth, conclusive, step of the method, i.e., the reconstruction
of the complete solution. As previously stated, a complete,
practical application is summarized in the backup paper and
the details are given in Ref. 1.

In conclusion, the EDOU method, particualrly when ap-
plied to complex physical problems (involving differential and
partial differential equations), offers several advantages with
respect to the solely theoretical and experimental approaches.
They stem from the fact that one can solve for some of the
unknowns even if he does not know many aspects of his
problem. Then the unknown aspects can be investigated more
easily, since more information is available and some features
or properties of the problem have already been determined.
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