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INVESTIGATION OF THE MELTING OF CRUSHED BEESWAX

Abstract. The article is devoted to increasing the efficiency and stability
of beeswax melting by determining the size of the pieces, which allows to
reduce energy consumption. The calculation of the melting time of the
beeswax depending on the radius of its pieces was carried out on the basis of
the joint solution of the heat balance and heat transfer equation using the
Fourier criterion. The minimum and maximum sizes of beeswax pieces have
been determined: 6 - 12 cm. A 6 cm piece of wax melts for 25-30 minutes,
and when melting pieces larger than 15 cm, the melting time is 1.5-2 hours.
Periodic stirring speeds up the melting process by increasing the heat transfer
coefficient from the liquid, already melted wax by 8 times. It was found that
when crushing less than 3.5-4.0 cm and melting in the presence of water,
which is provided by the technology, a water-wax emulsion is formed, from
which it is very difficult to isolate dry wax. be used in the design and
selection of equipment. Empirical dependences of the melting time on the
size of the wax pieces have been obtained.

Key words: efficiency, energy saving, beeswax, grinding value, heat
energy consumption, melting time, melting temperature.

Formulation of the problem. The use of beeswax is of great importance
in everyday life, industry, agriculture. Namely: in food, medicine, cosmetics,
electrical, other industries and is a valuable export commodity [1]. The phase
transition process - beeswax melting - is an important component of saving
energy resources in the process of cleaning beeswax raw materials and its
improvement is a very urgent problem [2].

Analysis of recent studies. The beeswax raw material contains a large
amount of contaminants: scrapings of frames, merv, bee bread, various
organic compounds, and so on [3,4]. The usual way to purify beeswax is to
melt it, followed by sedimentation in a molten state, crystallization and
removal of the sediment in the form of a layer of impurities [5]. It is possible
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to significantly reduce the consumption of thermal energy for melting by its
preliminary grinding [6-8]. In this case, the operating conditions of the
thermal installation impose special requirements. The search for ways to
improve the process of melting beeswayx, its energy efficiency [9-12] plays an
Important role, since it allows you to reduce the cost of heat energy.

Formulation of the problem. The aim of the study is to establish the
possibility of increasing the efficiency and stability of melting beeswax, by
determining the size of the pieces, allowing to reduce the melting time and
energy consumption.

Main part. The creation of temperature regimes at which it is possible to
melt the wax must take into account its basic physical, mechanical and
thermophysical properties. The calculation of the melting time of the wax,
depending on the radius of its pieces, is performed on the basis of the joint
solution of the heat balance and heat transfer equation using the Fourier

criterion [6]. Melting time depending on the radius of the wax pieces:
2

LA T
A pyax , 1)

where 7,ax - beeswax melting time, s; Ruax - beeswax radius, m; awax -
coefficient of thermal diffusivity of beeswax, m? / s; Fo - Fourier criterion
(dimensionless).

Let us find in turn the quantities included in formula (1).

Determine the coefficient of thermal diffusivity of beeswax:

a _ 2Wax. @
wax. ,
Cwax. * Puwax.

where awax - coefficient of thermal diffusivity of beeswax, m? /' s; Jwax -
coefficient of thermal conductivity of beeswax, W / (m ¢ K), cwax - heat
capacity of beeswax, J / (kg * K), pwax - beeswax density, kg / m®.

We write the initial data for the calculation in table 1.

Table 1.
Data for calculating the coefficient of thermal diffusivity of beeswax
Ne | Quantity, designation, units of measurement Value

1 | Thermal conductivity coefficient of wax, Awax, W/ (m <+ K) | 0,225

2 | Heat capacity of beeswax, Cyax, J / (kg ¢ K) 2930

3 | Density of beeswax, pwax, kg / m? 960

Substituting the data into the formula (2), we get:
awax = 0,225/(2930%960) = 7,99*10®8 m? / s.
Let us define the Fourier criterion by the formula [7]:
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where q - is the specific heat of melting of beeswax, J / kg; p1, p2- Is the
density of the previous melting and subsequent solid beeswax layer, kg / m?;
@ - humidity; c; and c; - specific heat of solid and molten beeswax layers, J
/ (kg * deg); Z - is the relative thickness of the melting layer; Bi - Bio
criterion; tmerr - beeswax melting point, K; teen: - temperature in the center of
a piece of beeswax, K.
Bio criterion is determined by the formula:

gj = &R

A (4)
Bio's criterion is calculated by finding the coefficient of heat transfer
from the external environment «, since the coefficient of thermal
conductivity of beeswax Awax IS known to us, and we set the value of the
radius R.
We determine the coefficient of heat transfer from the external
environment « from the criterion dependencies:

Nu=«a-R/A,, (5)
The Nusselt criterion Nu is determined by the Reynolds Re and Prandtl

Pr criteria when crushing beeswax in the form of a sphere, in accordance
with the Rantz-Marshall equation:

Nu =2+0,6-Pr’®.Re"? (6)
Let's define the Reynolds criterion:
Re=u-R/v,_ , (7)

where Re - Reynolds criterion (dimensionless), u - air velocity, m /s, R -
beeswax piece radius, m, v - air kinematic viscosity coefficient, m?/s.
Let's define the Prandtl criterion:

Pr - Cair pair//lair ) (8)

where Pr - Prandtl criterion (dimensionless), cair - heat capacity of air,

1.01, J / (kg * K), pair - air density at 80 °C, 1.00 kg / m3, Aair - coefficient of
thermal conductivity of air, 0.03 W / (m « K).

Substituting the values of these quantities into formulas (6), (7), (8), we

obtain the Nusselt criterion Nu = 37.81, then the heat transfer coefficient
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from the external environment o from formula (5) will be:
o =Nu-1/R=37,81-0,03/0,06 =189W /(m? - K)

Heat transfer coefficient of molten beeswax
Ay = NU- A4, /R=37,81-0,225/0,06 =142W /(m? - K)

where Awax - the coefficient of thermal conductivity of beeswax, W / (m ¢ K),
That is, when the wax melts, the heat transfer coefficient will increase
by 8 times. The density of beeswax averages 960 kg / m® at 20 °C. As the
temperature rises, the density of the wax decreases. The temperature
coefficient of density at temperatures above the melting point of the beeswax
varies from - 0.0007 to - 0.0008, for each degree of temperature.
The density of the wax at 84 °C will be:
Doz = Poo — Pao - 0,00075- (84— 20)= 960— 960-0,00075- (84— 20) =914.Kg /m’
The specific heat capacity of beeswax in the temperature range from
17 °Cto+20° Cisequal to 2096 kJ / (kg * K). The specific heat capacity
of beeswax in the temperature range from 77 °C to 97 °C is 2309 kJ/(kg* K).
We write the initial data into table 2.
Table 2.
Data for calculating the melting time depending on the radius of the
beeswax pieces

Ne | Quantity, designation, units of measurement Value

1 | Specific heat of fusion of beeswax, q, kJ / kg 200

2 | Density of the previous melting wax layer, p1, kg / m? 914

3 | Density of the subsequent solid wax layer, o, kg / m? 960

4 | Beeswax moistureW, %/100 0,1-2,5
5 | Specific heat of the solid beeswax layer, c;, ki / (kg * K) 2,026

6 | Specific heat of molten beeswax, c,, ki / (kg * K) 2,31

7 | Relative thickness of the melting layer,Z - 1/60

8 | Melting point of beeswax, tmeit. , °C (K) 63 (336)

9 | Temperature in the center of a piece of beeswax, teent, °C (K) 50 (323)

10 | Thermal conductivity coefficient of beeswax, Awax, W/ (m ¢ K) | 0,225

11 | Prandtl criterion, Pr, - 0,7

12 | Reynolds criterion, Re,- 600-1600
13 | Airspeed, u,m/s 1,5

14 | Kinematic viscosity coefficient of air, v, m?/ s 21*10®
15 | Heat transfer coefficient to external environment a, W/ (m?K) | 5,73

19 | Coefficient of thermal diffusivity of beeswax, ayax, M?/s 7,99*108

The calculation results are presented in the form of a graph (Fig. 1).
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1 - according to the results of the experiment, 2 - approximating curve
Fig. 1. Dependence of melting time on the size of a piece of beeswax

The equation for the dependence of the melting time t on the size R of
a piece of beeswax:

7=0,0034-R*-011-R®*+1,2-R?*+22-R+14 (9)

In the experiments, the possibility of maximum grinding of the
beeswax was checked, since in this case the time and consumption of thermal
energy for melting the beeswax would be minimal. However, it was found
that when grinding to 3.5-4.0 cm and melting in the presence of water, which
is provided by the technology, a water-wax emulsion is formed, from which
it is very difficult to separate dry beeswax (Fig. 2).

6)
Fig. 2. Appearance of pieces of beeswax, crushed to 1 ... 5 mm (a),
water-wax emulsion (b)

The size of the pieces, according to the calculations carried out
according to the method and confirmed by experiments, should be in the

SBTSATU. 11.1.33


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/
http://www.tsatu.edu.ua/tstt/naukova-dijalnist/
http://www.tsatu.edu.ua/tstt/news/
http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

»\,f HaykoBuit BicHuk TAATY Bun. 11, Tom 1

Gl ey
Ny et/
A 639

range of 6 - 12 cm, since with larger pieces too much heat energy is spent
and the melting time is significantly increased.

A piece of beeswax 6 cm in size melts for 25-30 minutes, and when
melting pieces of 15 cm in size, the melting time is 1.5-2 hours. Periodic
stirring speeds up the melting process by increasing the heat transfer
coefficient awax from the liquid, already melted beeswax (cwax meit = 142 W /
(m?* K) instead of 18.9 W/ (m? * K).).

Unmelted pieces have a slightly higher specific gravity than molten
beeswax, so they sink in liquid beeswax.

Conclusions.

1. One of the ways to improve the efficiency and stability of beeswax
melting is its crushing. It was determined that the size of the pieces should
be in the range of 6 - 12 cm. This makes it possible to reduce the melting
time and energy consumption, since with an increase in the size of the pieces,
the melting time significantly increases.

2. A piece of beeswax 6 cm in size melts for 25-30 minutes, and when
melting pieces of more than 15 cm in size, the melting time is 1.5-2 hours.

3. Periodic stirring accelerates the melting process by increasing the
heat transfer coefficient from the liquid, already melted beeswax by 8 times.

4. When grinding to a piece size of less than 3.5-4.0 cm and melting in
the presence of water, as provided by the technology, a water-wax emulsion
is formed, from which it is very difficult to separate dry beeswax.
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M.I. Ctpyuaes, K.O. Camoiiuyk, 10.0. Iloctoa, B.®. Ananauik
TaBpilicbkuii AepkaBHUI arPOTeXHOJIOTTYHMI YHiBepcUTeT
imeni iImutpa MoTopHoro

JOCJIIIKEHHS IIVIABJIEHHA JPOBJIEHOI'O BOCKY

Anomauin

CraTTs mpUCBAYCHA MiIBULICHHIO €(DEKTUBHOCTI 1 CTa0LIBHOCTI TUTABJICHHS BOCKY,
HUISXOM BHU3HAUEHHsS BEJIUYMHHU ILIMATKiB, SIKA JI03BOJIE 3HU3UTH EHEPrOBUTPATH.
OnHUM 13 IUISXIB MiIBUMICHHS €(EKTUBHOCTI 1 CTaOIIBHOCTI TUIABJICHHS BOCKY € HOTO
npobnenHs. Jlns 3abe3neueHHs] PIBHOMIPHOTO IUIABIEHHS 1 BIAMOBITHOTO JTO3YBaHHS
BUTPATH TEIIOBOT €HEPTii 3aIpOIIOHOBAHO TEOPETHYHE 1 eKCIIEPUMEHTAIbHE BU3HAUCHHS
BIUIMBY pO3MIpiB IIMATKiB BOCKY Ha TPUBAIICTh MpOIleCy IUIaBiIeHHs. Po3paxyHok yacy
IUTABJIEHHS BOCKY B 3aJIEXKHOCTI BiJ pajiyca HOro IIMaTKiB BUKOHYBaBCS Ha OCHOBI
CHUIBHOTO PIIIEHHS PIBHSAHHA TEIUIOBOro OanaHCy 1 Terulonepenadi 3 BUKOPUCTAHHAM
kputepito Dyp'e. Jlng Bu3HaueHHS Koedili€eHTa TEMIEPaTypPONPOBITHOCTI BOCKY
cKiajgeHa TalOnuus OO0JIiKy HOro OCHOBHHX (DI3MKO-MEXaHIYHUX 1 TemIo(i3undyHuX
BnactuBocTed. Kpurepiii bio Bu3Hayanu UUIAXOM 3HAXODKEHHS KoedilieHTa
TEIUIOB1/11aul BiJl 30BHIIIHBOTO CEPEOBUIIA, TPH LIbOMY KOE(]ILi€HT TEMIONPOBIIHOCTI
BOCKY HaMm BIJOMMH. Bu3HaueHO MiHIMalbHI 1 MaKCUMaJIbHI PO3MIPH IIMAaTKIB BOCKY.
Busnadeno, 1mo po3mip 1mIMaTkiB MoBMHEH OyTH B Aiama3oHi 6 - 12 cm. Ile no3Bose
3HU3UTH Yac IUIaBJICHHS 1 €HEPrOBUTPATH, TAK SIK MPHU 30UIBLIEHHI pPO3MIPY IIMAaTKIB
3HAa4YHO 301IbIIyeThCs yac miaBieHHs. [lImatok Bocky po3mipom 6 cM miaButbes 25-30
XBWJIMH, a TP IJIaBJI€HHI IMIMATKIB po3MipoM Ouibiie 15 cM yac TuiaBieHHS! CTaHOBUTD
1,5-2 rogunu. BusHaueHo KOedillieHT TETIOBiAa4i Bil BOCKY B 30BHIIIIHE CEPEIOBUIIE
nopisaioe 5,73 Bt / (M? « K), a xoedilienT TemmepaTyponposigaocTi Bocky: 7,99 * 10-
8m%/c. TIpoBOAMTH TEpiOANYHE MEPEMillyBaHHS MPHCKOPIOE MPOIEC IIABICHHS 32
paxyHOK 301JIbLIIEHHS Koe(illieHTa TeTUI0B1Aa4l BiJ] pIIKOTO, BXKE PO3IIaBUBCSA BOCKY B
8 pasiB. B excnepumeHTax mepeBipsuiacs MOXIMBICTH MaKCHUMAaJIbHOTO MOJpPiOHEHHS
BOCKY, TaK sIK IIPH IIbOMY Yac i BUTPATH TEIUIOBOI €HEPrii Ha IJIaBIICHHS BOCKY OyIyTh
MiHiManbHUMH. O1HaK OyJo BUSBIIEHO, 110 MU NOoApiOHEeHH1 10 3,5-4,0 cM 1 I1aBIeHHi
y TOPUCYTHOCTI BOJAM, IO Meper0ayeHO TEXHOJIOTIEI0, YTBOPIOETHCS BOJHO-BOCKOBA
eMyJbCid, 3 SKOI AY)KE BaXKKO BUAUIUTH CYXUH BICK. 3ampoONOHOBaHA METOAMKA
TETUIOBOTO PO3PaXyHKY BH3HAUEHHsI Yacy IUIABICHHS BOCKY 1 €KCIIepHMEHTallbHa
YCTaHOBKA MOXXYTh OyTH BHMKOpHMCTaHI NpH TNPOEKTYBaHHI Ta MinOopi oOiagHaHHS.
OTpuMaHO eMIIipUYHI 3AJIKHOCTI Yacy IJIaBJICHHS BiJl pO3MIpiB IMATKIB BOCKY.
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H.A. Ctpyuaes, K.O. Camoiiuyk, 10.A. [1octoa, B.®. Annayuk
TaBpuueckuii rocy1apcTBeHHbI ArPOTEXHOJOTHYEeCKNH YHUBEPCUTET
umenu JImurpuss MoropHoro

NCCIEJOBAHMUE IIVIABJIEHUA JPOBJIEHOI'O BOCKA

Annomauus

CraTbsi MOCBSIIEHA MOBBIIEHUIO 3()()EKTUBHOCTH U CTAOMJIBHOCTH IIJIaBICHHS
BOCKa, ITyTE€M OMNPE/IEJICHUS BEINYHHBI KYCKOB, TO3BOJIAIOIIEH CHU3UTH SHEPro3aTpaThl.
Pacuér BpeMeHHU 1u1aBJIeHHs] BOCKA B 3aBUCUMOCTH OT PaJinyca €ro KyCKOB BBIITOTHSIICS
Ha OCHOBE COBMECTHOTO PEILIECHUS ypaBHEHHUs TEIUIOBOTO OajlaHCa M TeIIonepenadyu C
ucrnonb3oBanueM kputepusi Dypwe. OmnpenenceHbl MUHUMAJIbHBIE W MaKCHUMaJbHE
pa3Mephl KyckoB Bocka: 6 — 12 cm. Kycok Bocka pazmepom 6 cm miaButcest 25-30 MUHYyT,
a IpH IUIaBJICHUH KYCKOB pa3smepoM Ooisiee 15 cM BpeMs ImiaBlieHHs cocTaBiisger 1,5-2
yaca. [lepumomuyeckoe mepeMelIMBaHUE YCKOpPSIET TMpoIece IUIABJICHUS 3a CUeT
yBeIUYCHUS KOd(PPUIIMEHTa TEIUIOOTIaYl OT KHUIKOTO, YK€ PACIUIaBUBIIIETOCS BOCKA B
8 pa3. beuto oOHapykeHO, 4TO TpH H3MeNbueHHH A0 3,5-4,0 cM W IJIaBJICHUU B
MPUCYTCTBUHU BOJIbI, YTO MPEIYCMOTPEHO TEXHOJIOTHEH, 00pa3yeTcss BOIHO-BOCKOBAs
AMYJIbCHS, U3 KOTOPOW OYeHb TPYAHO BBIIECIUTH CyXoi Bock [IpennmoskeHHas MeToauka
TEIJIOBOTO pacyeTa ONpe/esieHus BPEMEHHU TUIABJICHHMsS] BOCKA W JKCIEpUMEHTabHas
YCTaHOBKA MOTYT OBITh UCTIOJIB30BaHBI IPH MPOSKTUPOBAHKUHU U TIOJ00PE 000pyI0BaHUS.
[Tomy4yeHsl SMIUPUYECKHE 3aBUCHMOCTH BPEMEHHU IUIABJIICHUSI OT Pa3MEpPOB KYCKOB
BOCKA.

Knrwoueevie cnosa: >b(HEeKTUBHOCTh, DSHEProcOEPEKEHHE, BOCK, BeEJIWYHHA
M3METbYCHHUS,3aTPAThl TETIOBOM SHEPTUH, BpeMs IIJIaBJICHUS, TEMIIepaTypa IIaBIeHUS.
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