Journal of Applied Mathematics and Physics, 2020, 8, 23-37
https://www.scirp.org/journal/jamp
ISSN Online: 2327-4379
ISSN Print: 2327-4352

Uncertainty Estimation of Refrigeration
Equipment Using the Information Approach
Boris Menin
Refrigeration Consultancy Ltd., Beer-Sheba, Israel

How to cite this paper: Menin, B. (2020)
Uncertainty Estimation of Refrigeration
Equipment Using the Information Approach.

Journal of Applied Mathematics and Physics, 8, 23-37.
https://doi.org/10.4236/jamp.2020.81003
Received: October 30, 2019
Accepted: December 27, 2019
Published: December 30, 2019

Copyright © 2020 by author(s) and
Scientific Research Publishing Inc.
This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/
Open Access

Abstract
Aims: The purpose of this work is to present the information approach as the
only effective tool that allows us to calculate the uncertainty of any result of
the study on the use of refrigeration equipment. Methodology: Using the definitions and formulas of information theory and similarity theory, the amount
of information contained in a model of refrigeration equipment or process is
calculated. This allows us to present formulas for calculating the relative and
comparative uncertainties of the model without additional assumptions. Based
on these formulas, the value of the inevitable threshold of the accuracy of the
representation of the studied construction or process is determined. Results:
Theoretically substantiated recommendations are formulated for choosing
the most effective methods for analyzing refrigeration equipment are formulated. Conclusion: Having calculated the amount of information contained in
the model, we presented practical methods for analyzing data on refrigeration
equipment.
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1. Introduction
The refrigeration industry plays an important and growing role in the modern
global economy, making a significant contribution in the areas of food, health,
energy and environmental protection that policy makers should take better account of.
The International Institute of Refrigeration estimates that the total number of
cooling, air-conditioning and heat pump systems operating in the world is about
3 billion. Annual global sales of such equipment amount to approximately 300
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billion US dollars. Nearly 12 million people work worldwide in the refrigeration
sector, which consumes about 17% of the total electricity used in the world.
To use a refrigeration unit with high energy efficiency, it is customary to carry
out a careful technical feasibility and research study (TFRS) which carried out at
a given time interval and with a predetermined budget. In this case, the developer has a dilemma: take into account a small or large number of quantities.
However, what does “a lot” mean and what does “a little” mean? As the Russian
poet Mayakovsky noted: two hairs on a bald spot are few, and two hairs in a cup
of coffee are many. At present, most scientists believe that with a significant
number of quantities, more accurate results can be obtained, forgetting an important fact: any quantity corresponds to some uncertainty, which should be
taken into account in the overall uncertainty of the model of the phenomenon
under study. However, with an increase in the dimension of the model, only the
reliability of the model results improves [1]. Why is this question so important?
Because research should be effective both in time and in cost.
In fact, at the moment in all these TFRSs, there is not enough information
about their accuracy, or, in other words, with what value of uncertainty of the
final result recommendations are made. Any mistake can lead to losses of tens,
hundreds and even millions of dollars.
To verify the real situation, scientific and technical articles, reports and studies of the refrigeration equipment and technological processes (TFRS), published in the International Journal of Refrigeration for the period of 2014 to 2019
(1569 units), were analyzed (using SCI-HUB tool) by three criteria simultaneously: a. presentation of results comparing the experimental data with theoretical and/or computer modeling; b. the presence of calculations of measurement absolute or relative uncertainties; c. the announcement of the intervals of
changes of the main studied quantity and other quantities taken into account in
the model. According to these criteria, only 317 (20.2%) publications were selected. The list of papers can be provided.
Most authors note that the model was verified by comparing the theory and
experimental results, and the mismatch between them is not significant. However, it looks that most scientists are immersed in physical principles, complicated mathematical formulas and extensive experimental data of the day and
take these assumptions as reality, not realizing with what actual accuracy they
present their results.
Sometimes, authors declare “uncertainty analysis” or “instrumental uncertainties” chapter. Factually, they only introduce with what accuracy they measure different recorded quantities [2] [3] [4] [5] [6], or the author estimates uncertainty as a result of dividing numerical data by experimental results [7]. Only
in one article [8] was a detailed calculation of the total uncertainty of the main
investigated quantity given.
An analysis of most publications gives the impression that the authors are
undoubtedly confident in the veracity of the presented results. Of course, when
DOI: 10.4236/jamp.2020.81003
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interpreting data about the studied object—refrigeration equipment or heat and
mass transfer process—the developer is expected to hear that the presented model
is confirmed by comparing the theory and practice, and the calculation of the
achieved measurement uncertainties is given. In fact, in most publications there
is no data on the calculated values of the general uncertainty when measuring
the observed variable or dimensionless complex. Only one study [9] formulated
a general concept for calculating various types of uncertainties and their impact
on model accuracy. In the analysed researches, there was no comparison of the
experimental uncertainty of the parameter under study (EU) (its definition is introduced in [10]) with the mismatch between the theoretical (TD) and experimental data (ED). If EU > |TD − ED| (for example, it can use mean relative error
[11], the average relative deviation [12], the mean absolute percentage error [13]
or the mean absolute deviation [14] [15] [16]), the value of the formulated model is doubtful, and putting it into practice is risky. Who benefits from this situation? The developer benefits: she or he increases his own citation index. For this
reason, the researchers, having developed seemingly reliable simulation models,
for reinsurance, increase the design capacity of, for example, a compressorcondenser unit or the storage tank volume by at least 20–40%. In this case, it is
difficult to hope that the results of published studies will find a real practical application.
Thus, a disappointing conclusion suggests itself. Many researchers either do
not have sufficient knowledge of the application of measurement theory or
simply neglect the use of validation and verification methods [17] and uncertainty analysis [18]. Without a doubt, these methods allow scientists and engineers to identify the relationship between the technical parameters taken into
account and the energy efficiency of refrigeration units. The presented situation
differs sharply from that when research teams analyze the presence of oil in a
certain area or predict heating of the spacecraft hull upon entering the Martian
atmosphere [19] [20]. In these cases, the researchers closely examine all possible
sources of error, calculate the discrepancy between the theoretical experimental
results, and find out the ratio of EU and |TD − ED|.
That is why the objectives of the article are: a) Description of the procedure
for applying the information approach; b) Presentation of the calculation of the
smallest achievable uncertainty of the model when formulating recommendations to TFRS on choosing the optimal refrigeration unit for a specific consumer;
c) Issuing recommendations on the construction of a model for analyzing the
operation of refrigeration devices using specific examples.
This method is theoretically justified and has already found numerous applications in quantum mechanics [21], experimental physics [22], and cosmology
[23]. Well-defined problems, proposed solutions, and the scope and rationale of
the work done are presented to provide an actual background.

2. Essence of the Information-Oriented Approach
Any model contains a certain amount of information that allows you to choose
DOI: 10.4236/jamp.2020.81003
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the optimal number of quantities taken into account. The following is a simplified short introduction to the above statement [24].
Obviously, when formulating TFRS, the designer must develop a model that
takes into account certain features of the refrigeration unit or the process under
study. In this case, the developer, by default, uses quantities from the existing
International System of Units (SI), which includes both base and derived quantities, on the basis of which various classes of phenomena (CoP) are built [25]. For
example, CoPSI = LMTΘ is used to describe heat and mass transfer processes,
where L is length, M is mass, T is time, and Θ is temperature. There are three
additional base quantities: I is the amount of electric current, J is luminous intensity, and F is the amount of substance.
The dimension of the derived quantity (q) is calculated by the following formula [26] [27]
q  Ll ⋅ M m ⋅ T t ⋅ I i ⋅ ΘΘ ⋅ J j ⋅ F f

(1)

where l , m, , f are the base quantities exponents, which vary in the following
intervals [28]:
−3 ≤ l ≤ +3, − 1 ≤ m ≤ +1, − 4 ≤ t ≤ +4, − 2 ≤ i ≤ +2,
(2)
−4 ≤ θ ≤ +4, − 1 ≤ j ≤ +1, − 1 ≤ f ≤ +1.
Given (2), you can calculate the values of el , em , , e f , which are the number
of options of the dimensions for each main quantity
=
еθ 9;=
е j 3;=
е f 3.
еm 3;=
еt 9;=
еi 5;=
еl 7;=

(3)

The total number of dimensionless complexes μSI contained in SI is
=
µSI

(е ⋅ е
l

m

⋅ еt ⋅ еi ⋅ =
еθ ⋅ е j ⋅ е f − 1) 2 − 7 38265

(4)

where μSI is calculated in accordance with the π-theorem [25], and “−1” is due to
the fact that el , em , , e f are equal to zero [24] [25], which corresponds to the
case when the quantity has no dimension. Since the SI contains direct and inverse values, for example, length (L1) and running length (L−1), the total number
of quantities must be divided by 2. This is because an object having symmetrical
parts can be calculated from its one part, while others are considered informationally empty. As already noted, the SI contains seven basic quantities.
The model of the observed/investigated refrigeration unit or technological
process contains a certain amount of information ΔAe calculated by the formula
[24]
∆Ae =κ ⋅ ln  µSI

( z ′′ − β ′′ )

(5)

where ΔAe is expressed in units of entropy [29], z ′′ and β ′′ are, respectively,
the number of all and base quantities registered in TFRS.
To calculate amount of information in bits ΔAb embedded in a model, it is
necessary to divide ΔAe by κ=
ln 2 9.569926 × 10−24 kg ⋅ m 2 ⋅ s −2 ⋅ K −1 [30] [31]:
=
∆Ab ln  µSI

( z ′′ − β ′′ )

ln 2 ( bits )

(6)

Based on (6), when comparing different versions of TFRSs used to study the
DOI: 10.4236/jamp.2020.81003
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same refrigeration unit or technological process, you can identify the most informative version using the following formula:

( z1′′ − β1′′) ln 2 − ln  µSI ( z2′′ − β 2′′)
= ( ln ( z2′′ − β 2′′) ( z1′′ − β1′′)  ) ln 2 ( bits )

∆
=
Ab12 ln  µSI

ln 2

(7)

where ΔAb12 is an information amount difference between two TFRSs describing
the same refrigeration unit by different models, however, belonging to the same
CoP; z1′′ and β1′′ are, respectively, the number of quantities and the number
of the base quantities in TFRS1; z2′′ and β 2′′ are, respectively, the number of
quantities and the number of the base quantities recorded in TFRS2. If ΔAb12 < 0,

then TFRS2 contains more detailed information about the refrigeration system
under study. If ΔAb12 > 0, then TFRS1 is preferred. This is due to the fact that in
accordance with formula (7), when modeling a physical process, it is preferable
to use a model with the number of variables close to optimal, which is due to the
choice of a specific class of phenomena depending only on the knowledge, experience and intuition of the researcher.
For example, two research teams analyze the operation of the same refrigeration unit. Results vary. Who presented the most plausible option? Equation (7) is
only a preliminary (sufficient) condition for choosing the preferred option. In
addition to it, we can formulate the necessary condition [24]: when modeling a
physical phenomenon, a system of base quantities is specified, in which there are
Ψ dimensional quantities and ξ of base quantities. The developer chooses the
target dimensionless basic quantity u, the values of which are located in the interval S, and specifies the class of phenomena with the total number of dimensional quantities z ′ and the number of base quantities β ′ . In this case, for a
given number of dimensional quantities z ′′ and a selected number of base
quantities β ′′ in a model, the absolute uncertainty Δpmm when measuring u is
determined by the relation:
∆ pmm =S ⋅ ( z ′ − β ′ ) µSI + ( z ′′ − β ′′ ) ( z ′ − β ′ ) 

(8)

Thus, the comparison of different TFRSs can be organized using formulas (7)
and (8). At the same time, it should be noted that the total (integral) uncertainty
of the model, including uncertainties due to simplification of the original object
or phenomenon, as well as uncertainties caused by the transition from the mathematical model to the numerical method, will be significantly larger than Δpmm.
It is interesting to note that Δpmm does not depend on the measurement
process. It is due only to the decision of the developer to choose a particular class
of phenomenon and the number of quantities used to describe the observed
process.
In practice and in theory, Equation (8) is a kind of uncertainty relation (correspondence principle) for the model development process. In the study of a
physical phenomenon, technological process, or analysis of equipment design,
the model must satisfy relation (8). In other words, changing the level of detailed
description of the observed object by choosing the class of the phenomenon
DOI: 10.4236/jamp.2020.81003
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( z ′ − β ′ ) and the specific number of variables to be taken into account ( z ′′ − β ′′ )
causes a change in the smallest value of the comparative uncertainty Δpmm/S of
the main studied function (main variable). Thus, the correspondence principle
uniquely determines the achievable accuracy limit (for a given class of phenomena), while simultaneously revealing a pair of quantities observed by a conscious researcher, in particular, absolute uncertainty in the measurement of the
studied quantity and the interval of its change.
By implementing Equation (8), we can find the optimal number of dimensionless criteria that is used to calculate the smallest comparative uncertainty of
the model corresponding to the selected class of model phenomenon.
We calculate the value of the comparative uncertainty εLMTθ inherent in CoPSI
≡ LMTΘ, which is usually used in air conditioning and refrigeration. To do

this, one must find the derivative of Δpmm/S (8) with respect to z ′ − β ′ and
equate the resulting expression to zero:
2
( z ′′ − β ′′ ) .
( z ′ − β ′ ) µSI =

(9)

By using (3), (4) and (9), εLMTθ will be verified by calculating z ′ − β ′ and
z ′′ − β ′′ :

( z ′ − β ′ ) = ( el ⋅ em ⋅ et ⋅ eθ − 1)

2 − 4 = 846,

γ LMTθ =( z ′′ − β ′′ ) =( z ′ − β ′ ) µSI ≈ 19,
2

(10)
(11)

where γLMTθ is an optimal number of the dimensionless criteria inherent in CoPSI
≡ LMTΘ, “−1” is due to the fact that el, em, et, and eθ are equal to zero in expres-

sions (1) and (2). The calculation of the number of dimensionless criteria for

CoPSI ≡ LMTΘ is carried out similarly to formula (4), in accordance with the
π-theorem [6]. Since the SI contains direct and inverse values, for example,
length (L1) and running length (L−1), the total number of quantities must be divided by 2. This is because an object having symmetrical parts can be calculated
from its one part, while others are considered informationally empty, and 4 is
due to the fact that L, M, T, θ are used.
Then, the minimum achievable comparative uncertainty εLMTθ is

ε LMTθ =
846 38265 + 19 846 =
0.0442
( ∆u ) LMTθ =

(12)

Returning to Equation (7) and using (11), we can state the procedure for applying formula (7). Imagine that in the first project, γ1 dimensionless criteria
were used, and in the second, γ2, and γ 1 < γ LMTθ < γ 2 . Then, according to (7),
we obtain
=
∆Ab1γ ln ( γ LMTθ
=
∆Ab 2γ ln ( γ LMTθ

( z1′′ − β1′′) ) ln 2 ( bits )
( z2′′ − β 2′′) ) ln 2 ( bits )

(13)

where ΔAb1γ and ΔAb2γ, respectively, is the information content of the first model
and the second model compared to the model that takes into account the optimal number of dimensionless criteria.
By analyzing Equations (7) and (13), some readers may suggest that it is preDOI: 10.4236/jamp.2020.81003
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ferable to use a model with fewer variables when modeling a physical process.
However, this is a wrong judgment, and here is why. By comparing ΔAb1γ and
ΔAb2γ in absolute terms, the researcher can “instantly” identify which one is
smaller. That is, the number of dimensionless criteria taken into account is closer to the optimal one corresponding to the minimum comparative uncertainty.
Thus, a project with a smaller absolute value of ΔAb is more informative. So, this
approach will greatly reduce the time spent by researchers on the analysis of
publications.
It can be stated that the above-mentioned formulas may be applied for any
TFRS using quantities of SI. It is explained by the fact that the relative and comparative uncertainties of the dimensional quantity U and the dimensionless
quantity u are equal:

(

) ( ∆u S )

∆U S * = ( ∆U a ) S * a =

( r R ) = ( ∆U

U ) ( ∆u u ) =∆
( U U ) ⋅ ( a ∆U ) ⋅ (U a ) = 1

(14)

where S is the dimensionless interval of changes, and Δu is the dimensionless
overall absolute uncertainty when measuring the dimensionless quantity u; S* is
the dimensional interval of changes, and ΔU is the dimensional overall absolute
uncertainty when measuring the dimensional quantity U; a is a scaling factor; r
is the relative uncertainty of the dimensional quantity U; and R is the relative
uncertainty of the dimensionless quantity u.
The examples presented below will demonstrate the application of formula (7)
and (8) to the analysis of several TFRSs published in recent years.

3. Factual TFRS and Results
3.1. Analysis of Researches
Articles considered further were not chosen randomly because the objects under
study (energy storage systems and ice slurry) have been under the close supervision of the author for more than 42 years. Therefore, the author assumes that he
has, at least, the right to express his point of view, even if it does not agree with
the opinion of the majority.
3.1.1. Energy Storage
Similarity theory was used in formulating a theoretical model and conducting
experimental studies on the characteristics of the operation of an accumulation
system based on microcapsules with a phase-change material [32]. Experiments
were organized on the accumulation of thermal energy for nine variants of surface temperatures. The authors revealed a clear dependence of the amount of
stored energy with various dimensionless criteria. The study was conducted
within CoPSI ≡ LMTΘ using γ* = 12 criteria. Unfortunately, the comparison of
theoretical and experimental calculations was not accompanied by any numerical calculations.
Absolute uncertainty was presented for the measured value of temperature
(±0.3˚C), and the relative uncertainties were introduced for thermal conductiviDOI: 10.4236/jamp.2020.81003
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ty (±5%), specific heat (±2.22%), porosity (±4.03%), Stefan number (±7.94%),
supercooling parameter (±7.21%), and stored energy through the hot wall
(±8.36%). The authors declared that “that the deviation between the correlated
formula of the dimensionless accumulated energy through hot wall and the
measured data is less than 10%.”
It is obvious that, there is no match between γLMTθ = 19 (11) and γ* = 12 selected dimensionless complexes.
An additional comment is related to the magnitude of the inaccuracy of the
model. Even if we assume that all (γ* = 12) criteria are calculated and measured
with high accuracy, for example, 2% (this is very difficult to believe), then the
total relative uncertainty r of the key criterion (accumulated energy) will be, at
least, equals [18]
r =K ⋅

(∑

)

12
N
2
i =1 i

r

(

=1.1× 12 × 0.022

)

12

=0.0762

(15)

where N = 12, K is a correction factor equal to 1.1 for the most important parameters of the devices and monitoring the characteristics of the finished product.
An important point to make here. Unfortunately, many researchers still understand by relative uncertainty the ratio of absolute uncertainty to the value of
the measured variable. By its definition, this is true. However, in reality, the
achieved relative uncertainty is determined by the measurement limit of the
measuring instrument used, in the event that the value of the particular variable
under investigation is determined. For another case, when the studied variable is
a function of several variables, in the simplest case, the relative uncertainty is
calculated by the formula (14). A more detailed analysis of the various formulas
used to calculate the relative uncertainty is presented in [18].
This value (0.0762) is very close to the declared value (0.0836). At the same
time, due to the lack of calculation of the total absolute experimental uncertainty
of the accumulated energy under study, it is impossible to apply the basic formula (8). Thus, in order to improve the reliability of the presented diagrams necessary for designing and calibrating tank sizes and an effective operating mode,
researchers are advised to increase the number of parameters taken into account
to the recommended one. In addition, if the developers will use more accurate
measuring devices and present the integral experimental uncertainty achieved
for estimating the accumulated energy with an interval of its changes, it will be
possible to calculate the experimental comparative uncertainty and compare it
with the theoretically formulated one.
Thus, the stated correlation between theory and experiment may not confirm
the plausibility of the presented model, its structure and the stated relationships
between the quantities used.
3.1.2. Heat Process
Minced fish in the form of a thin layer is frozen on the outer cooled surface of
the rotating cylindrical chamber, the axis of which is located horizontally [33].
The model belongs to CoPSI ≡ LMTΘ. Using the theory of similarity, the auDOI: 10.4236/jamp.2020.81003
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thor presented a theoretical model and the results of experiments in the form of
the relationship of dimensionless complexes. The target temperature of the
product to be frozen was θs , depending on six criteria ( z ′′ − β ′′ =
6 ).
In order to calculate the measurement uncertainty of the main quantity, the
author used the following data:

θs =
(θs − θe ) (θcr − θe )

(16)

where θcr is a cryoscopic temperature of a product, θcr varied within θ crmin = −2˚C
to θ crmax = −1˚C , Δθcr is its measurement uncertainty, ∆θ cr =
0.1˚C , θs is a tem-

perature of outer surface of a product, θs varied within θsmin = −17˚C to
0.5 C , θe is an evapoθsmax = −2˚C , Δθs is its measurement uncertainty, ∆θs =˚

rating temperature of the refrigerant, θe varied within θ emin = −20˚C to
θ emax = −10˚C , Δθe is its measurement uncertainty, ∆θ e =˚
0.5 C .

Using recommendations of [34] and (16), we calculated a value of the total
experimental uncertainty ∆θs
:

( ∆θ )


s exp

(

=

)

exp

( ∆θs + ∆θe ) ( θcr − θe )
+ θs − θ e

(( ∆θ

cr

+ ∆θ e ) ⋅ ∆θ cr + ∆θ e

2

)

(17)

≈ 0.066
From (8), using calculated values μSI (4) and z ′′ − β ′′ =
6 , z′ − β ′ =
846 (10),
∆θs
:

we calculated the theoretical uncertainty

(

∆θ

)


s pmm

(

)

pmm

=
θ ⋅ ( ( z ′ − β ′ ) µSI + ( z ′′ − β ′′ ) ( z ′ − β ′ ) )

s

=
0.95 ⋅ [846 38265 + 6 846] =
0.028

(18)

where θs = (θsmax − θ emin ) (θ crmax − θ emin ) = ( −2 + 20 ) ( −1 + 20 ) = 0.95 is a maximum value of the θs changes interval inherent in the chosen model [33].
Comparing (17) and (18), it can be argued that the experimental uncertainty
is much larger than the value calculated by the information method. Therefore,
in order to improve the eligibility of the proposed model, it is recommended to
increase the accuracy of measuring instruments and the number of complexes in
the model of process.
In the proposed example, all successive steps are presented to calculate absolute and comparative uncertainties in order to clarify the feasibility of using the
information-oriented approach as a universal tool for assessing the convergence
of theoretical calculations and experimental results.
3.1.3. Ice Slurry Storage
In [35], heat transfer was studied in a storage tank with ice chips and water in a
stationary state. For process modeling, the TRNSYS program was used. The authors compared theoretical and experimental results for the accumulation and
disposal of ice in the tank. The model belongs to CoPSI = LMTΘ. Twenty-one
quantities ( z1′′ = 21 ) were taken into account. With, for example, six main quan-

tities ( β1′′ = 6 ), the number of dimensionless complexes is γ 1 = z1′′ − β1′′ =
15 [36].
The authors stated that, based on the results of the validation of the model, it can
DOI: 10.4236/jamp.2020.81003
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be argued that it satisfactorily predicts the heat and mass exchange processes in
the storage tank during the production and disposal of ice. However, the authors
did not present any calculations of the achieved uncertainties.
Therefore, it is difficult to agree on the conclusions of the authors. This is because the actual validation process cannot serve as a justification for the proximity and consistency of the theoretical and experimental results [37]. This is why
it is not recommended to present the validation results as a tool for assessing the
acceptability of the model. To this should be added the fact that the number of
chosen complexes of 15 is less than the recommended 19 (11).
In [38], a system of accumulation of liquid ice was investigated, which provided a cooling for a building. The authors carefully analyzed the efficiency of
the system, using the concept of exergy and the total number of chosen quantities z2′′ = 35 . However, the authors did not provide a comparison of computer
data with experiment. The CoPSI belong LMTΘ. Assuming that β 2′′ = 6 ,
z2′′ − β 2′′ =
29 .
That is why one can compare two researches [35] [38], with the same CoP,
following formula (13)

∆Ab1γ =
ln ( γ LMTθ γ 1 ) ln 2 = 0.236 ( bits )
∆Ab 2γ = ln ( γ LMTθ γ 2 ) ln 2 = −0.423 ( bits )

(19)

Comparing the absolute values of ΔAb1γ and ΔAb2γ, ∆Ab1γ < ∆Ab 2γ , it can be
argued that TFRS2 [35] is more informative than TFRS1 [38]. This statement is
based on the fact that the number of dimensionless criteria in TFRS2 [35] is
closer to optimal compared to TFRS1 [38]. This approach will facilitate researchers a comparative analysis of scientific and technical publications. In addition, combining it with Equation (8) will allow scientists to increase the credibility of the models being developed and the practical value of the presented results.
At the same time, the final decision on the preference of a particular model
cannot be proposed due to the lack of a complete set of experimental data including declaration and calculation of the achieved values of uncertainties. In
this situation, the author is forced to note that the recommendations published
in two TFRSs would be more impressive if the article presents a comparison of
computer data, field test results and general uncertainty achieved for the objective function. However, the introduced analyses show that the current situation
is suitable for the design companies projecting refrigeration equipment and
spending millions of dollars. Unfortunately, only customers are affected.

4. Discussion
This article, to the readers' judgment, presents an information-oriented method
and its possible applications to the analysis of the operation of refrigeration systems and installations. Compared with statistical and expert approaches, which
are somewhat inherent in the subjectivity and personal philosophical view of the
DOI: 10.4236/jamp.2020.81003
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researcher, the method presented is theoretically justified. Therefore, in the author's opinion, it can be applied to any models in which quantities from the SI
are used.
The proposed formula (8) for calculating the absolute and comparative uncertainties of the formulated model is simple in form and does not require much
effort on the part of the developer to apply it. This formula allows you to check
the value of the threshold discrepancy [18] between the theoretical model and
the experimental data obtained.
The information approach does not contradict the theory of measurement, the
achievements of which are obvious in any field of human activity. Its application
possible and necessary only at the stage of formulating the model structure. At
the subsequent stages, concepts, axioms, principles and formulas of the theory of
measurements should be used. The absolute uncertainty calculated by the formula (8) is only an a priori uncertainty before the application of any analytical
or numerical methods of calculation, as well as computerization of the model.
Scientists should have a language to indicate that a study or research group
provided substantial evidence in favor of a relationship or effect. Comparative
uncertainty is a term that serves this purpose. The presented study shows that
ignoring comparative uncertainty does not provide much evidence that real relationships were found and scientific statements show a real connection.
This has become something of an independent arms race, in which many organizations seem to remain in the race, at least not to be left behind. Many of the
world's technical talents, located in leading institutions, work diligently and have
generous resources in modern laboratories to realize their vision of the perfect
simulation of refrigeration equipment. Given the above, it is natural to ask the
question: when have numerous theoretical studies achieved real results with the
lowest cost and proven practical implementation?
The author belongs to a small part of the scientific community, which responds: not in the near future. Having spent many years on developing and
commercializing ice generators and energy storage systems, the author developed a very pessimistic view. Without a decisive change in the position of scientists and engineers with regard to a more thorough and balanced calculation of
the uncertainties of heat and mass transfer equipment and processes, the gap
between the steady increase in the number of published scientific articles and
their practical value will increase.

5. Conclusions
The information method and its possible applications for the analysis of technical feasibility and study of the operation of refrigeration equipment are presented. This method is theoretically proven and, surprisingly, easy to perceive
and explain the results. At its conclusion, no assumptions were made. The method lacks the subjectivity of a researcher who makes decisions in accordance
with his knowledge, experience and intuition. The formula (8) for calculating the
DOI: 10.4236/jamp.2020.81003
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absolute and comparative uncertainties of the model, designed to analyze the
operation of refrigeration equipment, is simple in form and does not require
much effort on the part of the developer to apply it.
The proximity of theoretical predictions to experimental data is implied by the
majority of researchers, as self-evident confirmation of the proposed theoretical
concept. However, a “statistical significance” between the results of the approach
of an artificial neural network approach or any other type of theoretical model
and experimental data is not sufficient evidence of the correctness of the chosen
model [39]. A necessary condition for the accuracy of the model is, above all, the
smallness of the calculated total uncertainty of the objective function (quantity)
compared with the mismatch between the theoretical and experimental values.

This, at first glance, the obvious approach has not found due attention in scientific
publications devoted to the analysis of energy efficiency of refrigeration units. At
the same time, the author hopes to awaken the interest of air-conditioning and refrigeration specialists on this issue.
Comparative uncertainty is a theoretically justified tool that allows scientific
groups to provide substantial evidence in favor of the identified relationships or
the effect obtained in the course of research. This study suggests that ignoring
comparative uncertainty leads to a situation where scientific statements are far
from achieving real results, positive or negative.
The achieved results will help engineers and researchers to choose the most
suitable models and methods that have comparative uncertainties that are closest
to the theoretically recommended ones. This will help increase the likelihood of
choosing optimal models of refrigeration equipment.
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