- nomeHyuarbHble 3Hepaus yrpyeol deghopmayuu cxamoeo mamepuara u nomepu 3Hepauu.

Nodmeep>xdeH aHepaemuyvecKul CMbIC/T KO3(hghulyueHma 80CCMaHOBIEHUSI CKOpoCcMu ripu yoape.

lMomepsi aHepeuu Ha duccunayuro paccMampueaemcsi Kak Heucrosib308aHHasi Yacmb om rofiHou yri-
pyaoli saHepauu . CoomHoweHue MexAy amumMu COCMassiouuMu sHepaemuyeckoeo banaHca onpedersisie-
mcs Ha OCHO8€e UCr10/1b308aHUs KO3ghhuyueHma 80CCmMaHOB/1eHUSI CKOPOCMU.

Ana ydema ocobeHHocmel pa3nuyHbIX ¢husudeckux moodesnel nomepb MexaHuU4eckol aHepauu rpu
seneHuuU ydapa esedeH koaghgbuyueHm pacripedenieHusi yacmel NomepsiHHOU 3Hepauu mexdy repeol u
emopol ¢hasamu ydapa.

lMonyyeHa aHanumu4eckasi 3a8UCUMOCMb 8e/IU4UH meKyulel u MakcumasbHoU Oeghopmauyuli 3epHa
0m 8PEMEHU C y4emoM romepb 3HepauU Ha OKOHYamesibHble rniacmudeckue deghopmayuu 80 8pemMsi rep-
80U u emopol ¢has ydapa, kKomopasi 8xo0Um 8 OCHOBHbIE 8blpaxkeHus1 Orisi MEeXHUYECKUX pacyemos rnapa-
mempos ydapa: cusibl ydapa, ydapHo20 UMysibca, MakcuMarsibHbIX KOHMaKMHbIX HarpsKeHuU.

Knroyeenie cnoea: ydap, aHepaemu4eckuli 6anaHc, KoaghghuyueHm e80ccmaHOBJIeHUs CKOPO-
cmu, koaghghuyueHm pacnpedesieHUs TomMepsiHHOU 3Hepauu, aHanumu4ecKasi 3a8UCUMOCMb.

Sirenko V.F., Zubko V.N., Kuzina T.V. A mathematical model of shock interaction of grain and
steel plate

The analysis of the mechanical and technological properties couderay bodies (grain , steel) showed
their significant difference.

Equation of energy balance included the following components:

- kinetic energy of the grain when approaching the obstacle in the form of a metal plate and during im-
pact deceleration to a full stop;

the potential energy of elastic strain of the compressed material and energy loss.

Confirmed energy the meaning of the coefficient of restitution of the velocity at impact.

The energy loss by dissipation is considered as the unused part of the total elastic energy . The ratio
between these components of the energy balance is determined on the basis of the coefficient of restitution
of the velocity.

To account for the characteristics of different physical models of the loss of mechanical energy during
the impact phenomenon is introduced the distribution coefficient of the parts of the energy lost between the
first and second phases of the impact.

The relationship of the current values and the maximum deformation of grain from time to time taking
into account the energy loss on the final plastic deformation during the first and second phases of the impact,
which is included in the basic expressions for engineering calculations of parameters of shock: the impact
force, impulse, maximum contact stresses.

Keywords: impact, energy balance, rescue rate, loss ratio, analytical dependence.

[ata HagxomxkeHHs 0o peaakuii: 11.09.2017
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PROTECTION OF FRUIT PLANTATIONS BY INTENSIVE TYPE FROM SPRING FROSTS

G. Rudnytska, A. Anikeev, M. Tsyganenko, K. Sirovitskiy, E. Gaek
Kharkiv Petro Vasylenko National Technical University of Agriculture

The model of the thermal state of the leaf was refined. The possible condensation of moisture on the
leaves upon their cooling was taken into account. When con-sidering radiative heat-exchange, it is neces-
sary to take into account the fact that bodies not only emit their own, but also reflect the energy received
from outside. The sum of the body's own emission and reflected emission is called effective radiation. In this
paper, we propose to delay the radiative cooling of the soil by in-stalling a foggy screen and to estimate the
"lifetime" of this veil against to the environmental conditions. When considering radiative heat-exchange, it is
necessary to take into account the fact that bodies not only emit their own, but also reflect the energy re-
ceived from out-side. The sum of the body's own emission and reflected emission is called effective radia-
tion. The obtained re-sults give an approximate estimate of the heat ex-change rate between soil and air,
because the convec-tive heat exchange between the soil, air and the accu-mulated heat of the soil is not
taken into account. The force of the aerodynamic resistance is directed opposite to the drop movement vec-
tor. In our case it is directed opposite to gravity force.

Key words: fruits, protection, atomization, method, temperature, in-tensive, spring frosts.

Introduction. According to the recommenda- | ucts are of particular value as a source of vitamins.
tions of physicians, annually an adult should con- | They play a major role in hu-man activity because of
sume at least 80 kg of fruit and berries. These prod- | increasing the body's vital tone, its physical and
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mental efficiency, and disease re-sistance. A suffi-
ciently high level of consumption of these products
(in the range 100...160 kg per person in a year) has
established in the developed countries of the world.
In Ukraine this level is very low and does not ex-
ceed 25...30 kg.

During 1991-2007 the area of fruit and berry
plan-tations in Ukraine has decreased by 73,3%. To
date, their areas in agricultural enterprises make up
109,4 thousand of hectare. Reducing the scale of
operations of this product is occurring not only due
to the reduction of areas of fruit plantations, but also
due to the reduc-tion of their yields. The main rea-
sons of this are the lack of proper logistical support,
non-compliance of land treatment, and high labour
coefficient of production. One of the reasons of the
low yield of fruit trees is the loss of their generative
organs during spring frosts.

Frosts are observed at night in the spring, dur-
ing the flowering and fruit-setting. The temperature
of the air drops below zero, lasts for 3...4 hours and
more, what leads to damage or destruction of the
generative organs (0...-10C).

Many methods are known to protect spring
plant-ing of an intensive type from spring frosts. The
most common are the covering of trees, smoking, air
heating in the row-spacing, the mixing of air layers
with helicopters and stationary propellers, and irriga-
tion. But today in Ukraine they do not find wide ap-
plication in the pro-duction either because of their
low efficiency, or be-cause of high costs of energy
resources. Despite of the development of a number
of measures, the task of fruit plantations protecting
has not resolved. Today there is no efficient and
economical method of protecting from this phenom-
enon of nature.

Analysis of researches and publications.
Spray irrigation has been used for a long time to
protect gardens from frosts [1-3]. The phenomenon
of radiative frost is considered in the literature [4].
The main cause of it is the predominance of the
thermal radiative flow from the soil over the incoming
heat flow from warmer air. Also the phenomenon of
latent frost is considered [4]. It can be attended by
below the maxi-mum permissible value of the tem-
perature the leaf or flower for the current phase of
vegetation. In that time the air temperature can be
several times higher than the maximum permissible
value of the temperature.

The model of the thermal state of the leaf was
re-fined. The possible condensation of moisture on
the leaves upon their cooling was taken into account
[5, 11].

Objectives — There is a part of the garden
correctly geometry and relief. The structure of the
planting is known, as well as the geometry of the
row-spacing and the height of plants. The rated val-
ue of air temperatures which dose not damage
plants and provide their survival is given. There are
known climatic conditions of the region where fruits

BicHuMk CymMcbKOro HauioHanbLHOro arpapHoro yHisepcurtety

are cultivated. At the same time, providing the pre-
determined thermal regime of the open agroeco-
system (gardens and nursery-garden of seedlings
which are cultivated on the open ground) at extreme
seasons of a year is the urgent problem. Especially
these ques-tions worry gardeners in the three main
extreme seasons of the year: during the first autumn
frosts (-50C, -100C and below); during the winter
season (-150C, -20 0C and below); during the first
spring frosts (-10C, -20C and be-low). Short-term
frosts are not as dangerous as long-term frosts.
Although they are less significant in strength.

The main results of the research. In the
case of radiation freezing, the temperature lowering
of the sheet can occur due to heat-exchange of ra-
diation with colder bodies as are soil and sky. As the
reflectivity (albedo) of the soil is usually worse than
that of the leaves, so, according to the laws of Stef-
an-Boltzmann and Kirchhoff [6, 7, 12-16], by the
same temperature, the body with a smaller reflectivi-
ty radi-ates more than the body with greater reflec-
tivity. In our case this means that the soil will chill
faster than the leaves, and the leaves will be more
strongly chill from radiation heat-exchange with the
soil than with the atmosphere. If we manage to stop
or delay the radiative cooling of the soil, then frost
may not occur.

In this paper, we propose to delay the radia-
tive cooling of the soil by installing a foggy screen
and to estimate the "lifetime" of this veil against to
the environ-mental conditions [17-19].

We will try to estimate the loss of thermal en-
ergy by soil due to radiation in the cloudless sky on
basis of the approaches which were described in the
literature [4, 5, 20, 21]. In this article, the reflectivity
values were taken as equal 0,05 for the soil and
0,15 for the leaves and flowers. Though, permissible
temperature of the leaf (which equals + 2°C) is
slightly higher than the maximum permissible tem-
perature for flowers and leaves of apple and pear.
This temperature rise provides certain reserve for
carrying out frost protection measures.

The specific radiation heat flow rate of the
emit-ting surface is determined on the basis of the
Stefan-Boltzmann law [6, 7]:

g, =¢-0,-T", (1)
where: ¢ — the rate of the body blackness, ac-
cording to Kirchhoff's law (¢ = 1-A); A — Albedo (re-
flectivity) of the surface; T — surface temperature, K;
oo — the Stefan-Boltzmann radiation constant of an
absolutely black body (00 = 5,67-10-8 W/(M2-K*).
The specific heat flow rate of soil intrinsic ra-
diation:
9 y50il = Esoil “00 Tsiil > (2)
where: Tsoii — Kelvin temperature; €soi — coeffi-
cient of soil blackness.
The specific heat flow rate of the intrinsic ra-
diation of a sheet is written as follows:
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4
Drieaf = ‘9Ieaf "Op- Tleaf’ (3)

where: Tear — Kelvin temperature; gea— Black-
ness factor of sheet surface.

In a cloudless sky, the specific radiation heat
flow from the atmosphere per unit surface area will
be writ-ten as [8]:

4.=€,-0, T =0, (0,526+ 0,065 /P, ) T,

where: Pva —the partial vapour pressure (Pa)
in atmospheric air by the counterpart of humidity.

When considering radiative heat-exchange, it
is necessary to take into account the fact that bodies
not only emit their own, but also reflect the energy
received from outside. The sum of the body's own
emission and reflected emission is called effective
radiation. The resulting heat flow which is establish-
ing between the bodies is equal to the difference of
the effective heat flows from the bodies. For two
opaque infinite parallel plates, the specific resultant
heat flow will be written so:

where: €12 — the reduced rate of the bodies
system blackness, equal to:
1

812 :—-
1/g+1/& -1 (6)

As the formula (5) indicates when the bodies
temperatures are equal — the resultant heat flow
equals zero.

In the case when one of the plane-paraigl
bodies does not reflect the incident on it radiation.
That is, it can only flow and emit heat flow. The re-
sulting heat flow will be written as follows (the body
1 reflects and absorbs, the body 2 only absorbs):

qr1z:gl‘(Go'Y]4_€1'Go'T24) (7)
For our problem, atmospheric air has the
proper-ties of body 2. According to the ratio (7), as a
result we will obtain the next formula for the resulting
heat flow between soil and air:
9rsa = Esoil (60 : T:t‘)il —&,°0¢p" Ta4)7 (8)
Using the ratios (1)-(8), the results presented
in fig. 1 are obtained.

AN

AN\

N

Qr12=512'(0'0'714—0'0'T24)7 (5)
qrsa’ i
Bm |
M2.oC :\
0.
] 1 %
40- NN
ol
404 1-9=100%
] 2¢=10%
801 39=40%
120
0 5 10

15 2 2

t,°C

Fig. 1. The specific resultant heat flow from air, soil and leaf, depending on air temperature and relative humidity.
1, 2, 3 - air when relative humidity is 100%, 70%, 40% properly

Figure 1 presents the specific resultant radia-
tive heat flow rate between atmospheric air and the
soil surface, at different relative humidity of atmos-
pheric air and at soil temperature equal to the leaf
temperature.

As we can see from figure 1, for the resultant
radiative heat flow between soil (when the tempera-
ture is + 2°C) and air was zero - the air temperature
(when a relative air humidity is 40%, 70%, 100%)
should be equals 23°C, 19°C and 17°C properly.

The obtained results give an approximate es-
timate of the heat exchange rate between soil and
air, because the convective heat exchange between

the soil, air and the accumulated heat of the soil is
not taken into account.

One of the effective methods of reducing the
radiation flow from the soil to the atmosphere on
application of measures for the garden protection
(open agro ecosystem) from frost is smoking [1-3,
22, 23].

It is known that for small particle sizes (at-
mospheric fog), infrared radiation scatters less than
visible radiation (which is used in infrared photog-
raphy). And for large drop size (thick fog), infrared
radiation scatters as much as visible radiation.

We propose to install a heat-radiating foggy

BicHuk CymMcbKOro HauioHanbHOro arpapHoro yHisepcurtety

78

Cepist «MexaHizauisi Ta aBTomaTtusauisi BUpobHuumnx npouecis», sunyck 10 (32), 2017



screen to protect the garden from radiation frost.
One of the important characteristics of a foggy envi-
ronment is the drop size, their rate of sedimentation,
and evaporation time.

The drop deposition rate is the free-fall veloci-
ty, which is achieved when balance of all forces
acting on the drop is reached [9].

In our case (fig. 2) the next forces impact on a
drop:

1) gravity force — Fy,

2) force of aerodynamic resistance — Fq,

3) buoyancy force — Far.

Ik,

drop

g9

\

Fig.2. Forces acting on a drop in free fall

The force of the aerodynamic resistance is di-
rected opposite to the drop movement vector. In our
case it is directed opposite to gravity force. The
buoyancy force is also directed opposite to the vec-
tor of gravity force [9]:

9512 =& '(00 Tt — ¢ - 0y 'T24) 9)

Let's take a drop for a solid sphere. The rate
of the drop gravity force (10), the buoyancy force
(11), and the force of aerodynamic resistance (12)
will be written as follows:

.d3
e pi-g (10)

Fo=mg-g=Vg-pg-g= p

3

6

Fp=4,;-Cp ‘—pOA(Wé_WO)Z )

where: m4, V4, A¢d — mass, volume, cross-

section area of a drop (inferior index d); pq, po— den-

sity of a drop and atmosphere air; Wy — rate of drop

sedimentation; Wy — traverse speed of environmen-
tal air, in our case, equals zero.

The coefficient of aerodynamic resistance is a
function of the dimensionless Reynolds number and
for a solid sphere in the region of friction flow is
equal [9]:

7
Fpo=Vi-po-g= “Po- & (11)

(12)

24
Cp=—nr, 13
D Res (13)
. W, -wy|-d
where: the ratio Red:m, ex-
Ho

presses the relation between the forces of inertia
and the forces of viscosity. From the relations (9)-
(13), Stokes [9] obtained a formula for calculating
the drop sedimentation rate:

_d’(pa—po)-g

18- 1y '

The rate of evaporation is estimated by the
Maxwell formula [10]:

I=2-7-d-D-(c;—co) (15)

where: D — diffusion coefficient; ca — concen-

tration of water vapour by drop; co — concentration of
water vapour in atmosphere air.

Table 1 presents the sedimentation rate, the
passage time of 1 m (the lifetime of the fog screen),
and the rate of drops evaporation of different diame-
ters in the air with a 90% relative humidity.

It can be seen that as the diameter of the drop
increases, the drop sedimentation increases. And
thereby the possible lifetime of the foggy screen
decreases because of falling of the drops to the
ground.

W, (14)

Table 1. Drop sedimentation rate, passage time and drops evaporation rate of different diameters
d, Mmcm Wa, m/s T, S 1, kgs
2,5 1,9673-10* 5083,19 3,3067-10°13
5,0 7,8691.104 1270,80 6,6135-10713
10,0 3,1476.10°3 317,70 1,3227-1012
20,0 1,2591-1072 79,42 2,6454.10-12
40,0 5,0362-102 19,86 5,2908-10-12
80,0 2,0145-10" 4,96 1,0582-10""
100,0 3,1476-10" 3,18 1,3227-10"
Conclusion: In order to resultant radiation heat flow be-

The obtained results (the specific resultant ra-
diative heat flow from air, soil and leaf, depending on
air temperature and relative humidity) give an ap-
proximate estimate of the heat exchange rate be-
tween soil and air, whereas convective heat ex-
change between soil and air and the accumulated
heat of the soil are not taken into account.

BicHuMk CymMcbKOro HauioHanbLHOro arpapHoro yHisepcurtety

tween the soil (when the temperature is + 2°C) and
air equalled zero the air temperature (with relative
air humidity of 40%, 70%, 100%) should be 23°C,
19°C and 17°C, properly.

The sedimentation rate, the passage time of 1
m and the rate of drop evaporation of various diame-
ters in air (with a relative humidity of 90%) are calcu-
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lated. When the diameter of the drop increases, the The obtained data allow to substantiate the
sedimentation rate increases. And, thereby, the pos- | choice of the spraying equipment for installing a
sible lifetime of the foggy screen decreases because | foggy screen.

of falling of the drops to the ground.
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A.B. PydHuukas, A.N. AHukees, M.A. LibicaHeHkKo, K.I". Cbipoeuukuli, E.A. Naek 3awjuma ¢ppyk-
moebIx naaHmayull UHMeHCUBHbIM MUIMOM OM 8eCEeHHUX 3aMOPO3K08

Modesnb mepmudeckoeo cocmosiHus fiucma 6bifia ymoyHeHa. Yuyumsbieanacb 803MOXHasi KOHOeHca-
yus enaau Ha nucmesx npu ux oxnaaxoeHuu. Npu paccmMompeHuu paduayuoHHO20 mennoobmeHa Heobxo-
OumMo yyumbieamb mom ¢hakm, YmMO mesia He MOJIbKO U3/ly4arom ceou cobCmeEeHHbIe, HO U ompaxarm
3Hepauro, rnosy4YyeHHyr ussHe. Cymma cobcmeeHHO20 U3rlydeHUs mesia U OmpaxXeHHo20 U3/lyYeHus Ha3bl-
saemcs aghheKkmueHbIM UsnydyeHueM. B amol cmambe Mbl npednazaeM omroxums paduayuoHHOe oxna-
JKOeHuUe noy4ebl MymeM 3amyrieHusi mymMaHHO20 3KpaHa U OUeHUMb «Mpo0o/mKUMeibHOCMb XU3HU» 3mou
3asechbl 8 OMHOWeHUU ycriosuli okpyxaroujell cpedbi. [Mpu paccmMompeHuu paduayuoHHo20 mernnoobmeHa
HEobxo00uMo yyumbieamb Mom hbakm, Ymo mefia He MOJIbKO U3ly4Yatom ceou cobcmeeHHble, HO U ompa-
JKarom sHepauto, rnoslydyeHHyr ussHe. Cymma cobCcmeeHHO20 U3yYeHUs mesia U OmMpaXkeHHo20 U3/lydYeHus
Ha3bigaemcsi a¢hgbekmueHbIM u3ryvyeHueM. [lonydyeHHble pe3ynbmambl 0arom rnpubnu3umersibHy OUEHKY
CKopocmu u3mMeHeHuUs1 meriria Mexo0y ro4eoli U 8030yXOM, MOCKOJIbKY KOHBEKMUBHbIU merioobmeH Mexoy
ro4eoui, 8030yxOM U HaKoMieHHOU merniomodu rno4Yebl He y4Yumbigaemcs. Cuna aspoduHaMuyeckoao Co-
npomuerieHuUs1 HarpassieHa npomus eekmopa O08uXXeHuUsl Kaniu. B Hawem crnydae OH HarpaesieH npomus
cusibl mspkecmu.

Kmodeenle crioga: hpykmel, 3aujuma, amomu3ayus, Memod, memrepamypa, UHMEHCUBHOCMb, 8e-
CeHHUe 3aMOpPO3KU.

I.B. PydHuuybka, O.l. AHikeee, M.O. LueaHeHko, K.I". Cupoeuubkul, €.A. Naek 3axucm ¢pyk-
moeux niaHmauiti iHmeHcueHUM MUNoM 8i0 8eCHSIHUX 3aMOPO3Kie

YmouHeHo modesib mernnoeoeo cmaHy sucma. BpaxosaHo Moxiiugy KoHOeHcauyilo 8oioau Ha fiucmi
npu ix oxonodxeHHi. [pu o0bazoeopeHHi padiauyitiHo2o mennoobmiHy HeobxiOHO epaxosysamu mol ¢hakm,
Wo mifia He MinbKU 8UMNPOMIHIOKMb 8/1aCHI, afie makox gidobpaxkatome eHepeil, ompumaHy 3308Hi. Cyma
8/1aCHO20 8UIMPOMIHIO8aHHSI Mifla ma 8i0bumozo 8UNPOMIHIO8AHHSI HA3UBAEMbCS €QOeKMUBHUM 8UIMPOMIHIO-
8aHHAM. Y ubomy OOKyMeHmMi Mu fporoHyeMo 3ampumamu padiayiliHe 0XONI00XKeHHS rpyHmMy WIsIXoM ym-
PUMaHHSI MyMaHHO20 eKpaHy ma OUIHKU "mepMiHy criyxobu" ujiei nokpueu 8iOHOCHO yMO8 Ha8KOIUWHbO20
cepedosuwja. Npu posensdi padiauitiHoeco mennoobmiHy HeobxidHO gpaxogyeamu moul ¢hakm, WO mina He
minbKU 8UNPOMIHIOIMb C8OI 8/1acHI, are makox eidobpaxkaromb eHepeilto, ompumaHy 3308Hi. Cyma eracHo-
20 8UrNPOMIHI08aHHSI mina ma eidbumoao 8UNPOMIHIO8aHHS] Ha3uBaEMbCST eheKMUBHUM 8UMNPOMIHIO8AHHSIM.
OmpumaHi pesynbmamu Oaromb npubnu3Hy OuiHKy weudkocmi 3MiHU merniomu MK rpyHmoMm ma rnosim-
PAM, MOMY W0 KOHBEKMUBHUU mernioobMiH MK rpyHmMOM, fosimpsM ma HaKonu4yeasbHOK Merniomoro
epyHmy He gpaxosyembcs. Cuna aepoduHamMiyHO20 Oropy CripsiMogaHa Haernpomu 8ekmopa pyxy nadiHHS.
Y Hawomy sunadKy 8iH CripsmMosaHuli Hasrpomu CUu MSKiHHS.

Knrodoei cnoea: chpykmu, 3axucm, po3nuneHHsi, Memo0d, memrepamypa, iHMEeHCUBHI, 8ECHSIHI 3a-
MOPO3KU.

[aTa HagxomKkeHHsA 0o peaakuii: 16.VO5.2017
PeseHseHT: A.7.H., npod. Caapena Woko

BicHuMk CymMcbKOro HauioHanbLHOro arpapHoro yHisepcurtety

81

Cepisi «MexaHizauisi Ta aBTomaTtusauisi BUpobHuumnx npouecis», sunyck 10 (32), 2017



