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Abstract. Currently, the successful development of construction industry depends on the improved
energy performance of buildings, structures and facilities, as well on the quality estimation of the outdoor
climate. The problem of feasibly more accurate determination of energy consumption by climatic systems
in buildings is a very high-priority task now because of decrease of energy and fuel sources and because
of actualization of building standards in many countries. That is why it is very important to find simple but
enough accurate dependences between climatic parameters in the heating as well as in the cooling
seasons of a year. In the paper the modern principles accepted in different countries for the selection of
the design climate information for the design of building envelopes and systems to ensure building
microclimate are considered. Main shortcomings of the methods, including the concept of "typical year",
are shown and the advantages of generating climate data arrays programmatically with the use of a
pseudorandom number generator are described. Some results of the calculation of current temperature
of the external air during the warm period of the year with different safety are presented using numerical
modeling with Monte-Carlo procedure. The possibility of practical implementation of probabilistic-
statistical principle of climatic data for some calculations relating to climatic systems and thermal regime
of the building are shown. The comparison of the obtained values with the analytical expression for the
normal distribution of random variables is presented and relationships for the selection of its main
parameters according to the existing climatic manuals are proposed.

AHHOTaumA. B HacTosillee Bpemsi ycnewHoe pas3BuMTWE CTPOUTENbHOW OTpacny 3aBUCUMT OT
MOBbLILLIEHUS SHEpPreTU4eckon 3MEPEKTUBHOCTU 34aHUNA, CTPOEHUN N COOPYXEHUN N B TO Xe BpeMsi OT
KayeCTBEHHOW OLEHKM MapamMeTpoB HapYXHOro knuMaTta. 3agaya BO3MOXHO 0Oonee  TO4YHOro
onpegeneHns 3HepronoTpebneHns KnumaTtudeckuMuM CUcTeMaMu 34aHWA MMEET OYeHb OGorbluoe
3Ha4yeHVe B CBA3N C NcYeprnaHneM 3anacoB OpraHN4ecKoro TOMMMBa 1 APYrnx pecypcoB, a TakkKe B CBS3U
C aKTyanu3auuen HopMmaTuBHOW 6a3bl MHOTMMX CTpaH B obnactu ctpontenscTBa. [103ToMy O4YeHb BaXXHO
pacnonaratb MNPOCTbIMW, HO OOHOBPEMEHHO [OCTATOYMHO TOYHbIMM  3aBUCUMOCTAMM  MexXay
KNMMaTU4eCKUMM napaMmeTpamMm Kak B OTOMUTENbHBIN, Tak U B OXNlaguTenbHbIn nepuoapl roga. B pabote
pPacCMOTPEHbI MPUHATBIE B HACTOSILLIEE BPEMS B PasfMYHbIX CTpaHax MPUHLMMBLI Bbibopa pacyeTHOW
KnumaTu4eckon nHdopmauumn Ansi NPOEeKTUPOBAHUSA OrpaXKaaroLLMX KOHCTPYKUUIA U cuctem obecneyeHunst
MUKpoKnumaTa 3gaHuini. OTMeYeHbl OCHOBHbIE HELOCTATKM METOAMK, BKIOYAKLWMNX MOHSATUE «TUMOBOrO
roga», W onucaHbl MNpPeuMyLlecTBa reHepauuy MacCUBOB KIMMaTUYECKUX [OaHHbIX NpOrpammHbIM
cnocobom ¢ MpMMEHeHMeM JaTyMKoB MCeBOOCIyYanHbIX uyucen. NpuBeaeHbl HEKOTOpble pe3ynbTaThbl
pacyeTa CpOYHOM TemnepaTypbl HapykHOro BO3gyxa B Tenmbli MNepuod roga C  pasfiMyHowm
06ecneyYyeHHOCTbIO NPU MOMOLLUM YUCMEHHOrO MofenupoBaHust MeTogom MoHTe-Kaprno. [MokasaHna
BO3MOXHOCTb MPaKTUYECKOW peanu3aumm BepOSiTHOCTHO-CTATUCTUYECKOro MpuHUuna opmMupoBaHus
KNMMaTUYECKUX AaHHBLIX OJ19 HEKOTOPbIX pacyeToB, KacCalLUXCs CUCTEM KNMMaTtu3auum u TenmnoBoro
pexuma 3gaHus. lNpeacTaBneHo CONOCTaBMEHUE NOJTYYEHHbIX 3HAYEHWI C aHANTUTUYECKUM BblpaXKEeHNEM
ANl HOpMaribHOro 3akoHa pacnpenernieHus CnyyYamHOW BeNUYMHBbI U NPenyioKeHbl COOTHOLUEHUST OIS
noabopa ee OCHOBHbIX MAapaMeTpPoB MO MMEKLUMCH HOPMATMBHBIM AaHHbIM B 06MacTv CTPOUTENBHON
KNmMaTosnorunu.
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Introduction

One of the main approaches to determination of design parameters of external climate for
designing external enclosures and climatic system of buildings is based on using factor k, (so called
safety index), which represents the likelihood that actual value of considered parameter upon operation of
the building will not exceed set thresholds i.e. it will not exceed this threshold in hot period of the year and
will not be lower in cold period. The expression for ki, should have the following view [1]:

AN Az

khfl—W or kh—l—T, Q)
where N is a total number of supervision events when the parameter exceeds established threshold; z is
general time of supervisions; Az is a duration of time interval when the parameters exceeds threshold
value. The first variant is used for evaluation of discrete events kp, for example, the coldest five days or
days, and the second variant is used for determination of the level of general climatic parameters for hot
and cold period. However, definite conditions may require parameters under other value k; that differs
from those, for which the values are represented in the source. Especially, this relates to significant and
responsible facilities when customer requires high reliability and, respectively, value k.

Therefore, in this paper, the object of study is the design outdoor temperature for design of the
microclimate systems during the cooling period of the year with a specified safety index. Probabilistic-
statistical model of external climate allows determination of scientifically grounded level for this
temperature. It can be shown that this model efficiently describes basic ratio between different
parameters [2—3] regardless the availability of two main factors that affect formation of these parameters,
i.e. regular seasonal trend and fluctuations against this trend that are actually close to random ones.

This method has definite benefits over so-called “typical year’ [4-10] that is accepted in many
cases and described in details in the last versions of recommendations ASHRAE [11-12]. Eventually,
they provide for the selection of so-called “typical meteorological months” chosen from long-time data
base (the last variant for the period from 1982 to 2006). Moreover, the data for each day and hour of
each month of the year can be selected from different years of considered period, i.e. they are real, so
that resultant deviation from the average temperature for this period doesn’t exceed 0.1 °C. Then the
massive is analyzed for the respective parameters (in particular, temperature) with necessary reliability.
In [13—14] some elements of probabilistic-statistical models were presented, but, again, it is not aimed at
obtaining in-depth evaluation of dependencies. So, the benefits of probability/statistical method relate to
the absence of the need in the search for accumulation of the large volume of climatic data and their
special selection so that these data correspond to the requirements applied to their representatively.
Moreover, there is no need in loading of such large amount of data to software. Finally, the method based
on ‘typical year is less oriented at obtaining any point estimates, including determination of certain
external air temperatures tex with set reliability. The latter is necessary for the correct selection of
processes of the supply air treatment in the cooling period and for calculation of installed power of air-
conditioning equipment. In the practice of building regulation in several countries, including the Russian
Federation and some others, that the safety index of climate parameters forms the basis of their
definition, therefore, the application of probabilistic-statistical modeling will allow the most simple way to
solve the problem of selection of HVAC equipment within design conditions of the cooling period with any
kn required by the customer.

Generally speaking, the recommendations of the ASHRAE, especially [12], also provide for the
regulation of temperatures tex Using a certain analogue of ki, namely the indication of temperature values
the ambient air dry bulb temperature corresponding to 0.4, 1.0, or 2.0 % annual cumulative frequency of
occurrence (warm conditions). Unlike the ky's is that at use of formula (1) in the denominator will be the
duration of the cooling period only and not the whole year. However, here the frequency is fixed, and for
intermediate values, the corresponding data do not exist.

A slightly different approach is proposed in [15], where tex is associated with the characteristics of
the thermal resistance of the premises and solutions for automatic control of climate systems, but in spite
of the physical validity, it is difficult to apply at the stage of making preliminary decisions due to the lack of
reliable data on the characteristics of the object of regulation.

Thus, the purpose of this study is to determine key design parameters of external climate in warm
season with arbitrary safety index with the help of probabilistic-statistical model. Objectives of the study
are to build an algorithm that implements this model, and obtaining analytical dependences for the
calculated outside temperature according to the results of approximation results software generation.
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Methods

Probabilistic-statistical model is based on determination of urgent ambient air temperature and
associated correlation enthalpy as a random value distributed under normal law and characterized by
certain expected mean M(t) and mean-square deviation c:. It should be noted that regular and stochastic
factors that determine the behavior of urgent temperature can be tracked separately without significant
complication of the algorithm upon computer-based calculations. In studies case, seasonal trend was
simulated by the input of float mean that varied within the year under sinusoidal law within the amplitude
A: that corresponds to the half of the difference of average temperatures of the hottest and the coldest
month with the maximum near July 31, i.e. on 210t day from the beginning of the year. Then stochastic
component with corresponding value o; was applied to resultant value. This was performed by means of
quasi-random number counter that generates values that are subject to normal distribution law.
Considered approach is one of the variants of Monte-Carlo procedure. In variant of ECM program,
realized by the author, the generated was performed for the period of 100 years. Then obtained
temperatures were ranked in ascending order. This allows building unknown dependency of tex from k.

Results and Discussion

On figure 1, red line indicates results for climatic conditions of Moscow. In this case, mean annual
temperature tmean that is equal to +5.4 °C was taken as expected mean. Value A; of 13.25 °C was
considered and the value of amplitude of daily rate of urgent temperatures in hot period, i.e. 9.6 °C was
taken as o It should be noted that in climatic terms the amplitude is considered as the difference
between maximum and minimum value within a day since half size value of mathematic amplitude should
be used as ot for modeling the behavior of not urgent but mean daily temperatures. Moreover, not directly
kn but the probability of contrary event (urgent temperature exceeds its current value, i.e. 1 — k) is taken
as independent variable. This is not fundamental importance but it will simplify obtained approximate
relationships.

Black line on figure 1 shows approximation of disclosed dependency in the following form (2):

tey = @ In(l—kh ) +b (2)

Acceding to the results of regression analysis a = —4.51, b = 9.1 and correlation ratio r = 0.996.
Obviously, this expression ensures rather high degree of approximation, considering its simplicity and
statistical nature of used initial data that inevitably have variation.
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Figure 1. Results of software generation texdepending on 1 — kn and their approximation (2)

It should be noted that the use of theoretical dependency that directly derives from main
probabilistic-statistical model gives higher deviation as we can see on the Figure 2 where red continuous
line indicates calculation results by program and black dotted line indicates calculation by formula (3):

. -
tey = tmean *+ Ot \/—1.592Inll—(1—2kh) J 3)
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Figure 2. The results of software generation tex depending on 1 — kn and
their comparison with data (3)

This formula is built, considering known approximate expression for error function erf at large
values of the argument since the model based on normal distribution law provides the dependency in the
following from [2-3]:

tex _tmean ()

1
kh = = | 1+erf
Ot 2

2

It can be assumed that revealed difference is associated with model refinement that is realized in
the software and relates to tracking of seasonal nature of the change of external temperature.

Since probabilistic-statistical model provides for the unity of the mechanism for formation of urgent
temperature regardless definite construction area and, respectively, the generality of corresponding
dependencies, there are solid grounds for stating that the expression in the form (2) is true for all cases
and differs only in a and b values. Therefore, the main task of probabilistic-statistical modeling was to find
common type of control tex = f(kn), and definite level of numerical radios may be selected by identification
of the model, considering available fixed points.

Considering arbitrary probability of fixed temperature values from (2), we find:

1t
aetexttex2

Tkpp )
In hlj (5)
(th
b=tgyq—aln (1_kh1):tex2 —a In(1_kh2 ) ;

where tex1 U tex2 are design external air temperatures basing on the data of this or that source with
respective reliability kn1 and knz2. For instance, for Moscow tex1 = +23 °C and tex2 = +26 °C at kn1 = 0.95 and
knz = 0.98, respectively, where we find a = —3.3, b = 13.1. These values differ from values obtained from
the results of approximation of software generation data but, as it was mentioned above, the purpose of
this generation was to disclose dependency form (2). However, the nature of the curves on Figure 1,
especially approximating dependency, suggests that their difference from normative values is not very
high and does not exceed one degree.

The accuracy and reliability of the results obtained by using dependence (2) with the coefficients
calculated by the expressions (5), can be seen from the graphs in figures 3 and 3a. Here, the solid line
shows the results of calculations by the proposed method, and dotted line — data from existing
observations [13]. In the figure 3, lines 1 refer to the conditions of Moscow; the lines 2 represent the city
with substantially more hot and dry climate — Samara. The graph in the Figure 3a refers to the
intermediate parameters of Khabarovsk. It is easy to see that the agreement is pretty good, noticeable
discrepancies arise only at very high kn —1, which can be explained by the presence of a minimum time
interval of averaging measurement results ambient temperature (typically one hour), so that its extreme
values in hourly aggregates do not fall. The red lines show the data of ASHRAE [12] with the appropriate
conversion. As it can be seen, here the similarity is also quite satisfactory.
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Figure 3. Comparison of calculations by formulas (2), (5)
with climate data for Moscow and Samara
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Figure 3a. Comparison of calculations by formulas (2), (5)
with climate data for Khabarovsk

If you conduct additional calculations on above-mentioned ECM program at different A: within the
limits from 10 to 15 °C, which is peculiar for most countries of Central and Eastern Europe, it is possible
to obtain ratios for parameters a and b in the following forms through further regressive analysis:

a=—0.325A ; b=0.275A +t aan (6)

ty o —t
where At:w

Correlation ratio is not less than 0.99. t,m and tcm are temperatures of the hottest and the coldest
month in considered region, i.e. A: value is nothing else but the amplitude of annual cycle of mean
monthly temperatures [2—3]. Moreover, it was understood that there is correlation ratio between o; and A,
in considered target area:

o =(0.67i0.13)At . @

Thus, the most probable change of o after A;is considered in (6) automatically. Since values thm,
tem and tmean for any rather large settlement can be taken from normative and reference documents that
are valid in this or that country, it is possible to conclude that the ratio (2), considering (6), is easy-to-use
since it requires maximum quantity of accessible initial data.
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In this respect, the data offered by ASHRAE [11, 12], is less convenient because, first, does not
contain the necessary analytical dependences, but only discrete values of temperatures and other
parameters, and secondly, forcing users to resort to self-selecting the required values from the available
array. The same applies to more recent studies [4-10], as they support the same methodological
approach. Analytical relations are given for example in [7], but they refer to average temperatures,
without considering the stochastic component, and [14, 16], despite the elements of probability and
statistical consideration, are not aimed at providing analytical assessments.

It should also be noted that models using probabilistic-statistical approach are especially suitable
for calculation of annual power consumption of the building upon estimation of energy saving class that is
very critical today in the context of depletion of the reserves of organic fuel and increased attention to
energy conservation that is observed in most European and other countries [17—-22]. Although discussed
in the present work a variant of probabilistic-statistical modeling aimed, as mentioned, primarily on the
calculation of climatic parameters for estimating installed capacity of HVAC equipment with the required
security, in principle it can be used to calculate annual energy consumption. It is enough to integrate the
product of the expression containing the difference between tex (2) and the corresponding temperature of
supply or internal air ti, for the value 1 — kn, because from (1) the difference 1 — kn shows the relative
number of hours standing tex, which is greater than the current value. Then, for example, by expressing
additionally the required value 1 — k, from (2) using the set value ti,, the degree-days of cooling period
can be calculated to determine the total cold consumption by the expression:

t: —b
Dy=24e| - |(t,-2). @

Taking by the requirements of ASHRAE [13] the boundary value t, = +15.11 °C (65 °F) and the
values of a and b, obtained when plotting figure 3, we can calculate for Moscow Dy = 116 Keday, for
Samara 215 Keday. The actual values in [12] are, respectively, 107 and 199 Keday, i.e. the divergence is
of only about 8 percent, which is sufficient for engineering calculations considering the simplicity of the
obtained relationships.

Conclusion

1. Itis confirmed that the probability/statistical modeling can be used for creation of climatic data
array upon definite calculations associated with thermal mode of rooms and environmental control
systems and selection of design parameters of external climate with required reliability;

2. It has been shown that probability/statistical modeling is suitable for development of simplified
models, aimed at determining integral characteristics of the building, enclosures and engineering systems
for definite time;

3. Itis proved that the results of the probabilistic-statistical modeling reliably and with acceptable
accuracy for practice reflect the real data of climate observations from different sources for a significant
number of construction areas;

4. Using the probabilistic-statistical model, the formulas are obtained for calculating the design
temperature of external air in cooling period for the design of cooling systems and the degree-days of
cooling period to determine the total energy consumption with any required safety index;

5. Accessible results are represented in engineering form with use of only basic values that are
available from existing sources and can be used in design practice.
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