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Abstract

The paper considers the process of calculating heat fluxes from the outer surface of the
experimental plant for the implementation of combined blanching (first with water, then with
steam). The aim of the study is to determine the amount of heat loss from the surface of the
experimental installation with various methods of blanching seafood from the Northern Basin
using the example of the stellate ramp. The experimental plant developed at the Murmansk
State Technical University has a rectangular steel body, divided inside by a wall that partially
separates the zones for blanching with water and steam. The studies were carried out using
a Testo 875-1i thermal imager. As a result, the thermograms of the plant have been obtained
for three methods of preliminary heat treatment (blanching): water treatment; treatment first
with water and then with steam; steam treatment only. The working temperature range for
water is 80 to 90 °C. The calculation of the heat flux from the edges of the plant’s body has
been carried out considering the phenomenon of radiation heat transfer, as well as natural
convection from the heated surfaces of the plant, with regard to their site in space and ambient
temperature. In the course of study, bar charts with the percentage of temperature distribution
over the surfaces of the plant, points with maximum and minimum temperatures have been
obtained. When processing the experimental data, the coefficient of convective and radiative
heat transfer, heat flux density and heat flux have been calculated for each surface. Based on
the results obtained and knowing the electrical power consumption of the heating element and
the steam generator, it is possible to select the type and determine the thickness of the thermal
insulation layer of the plant which is to reduce heat losses and increase the energy efficiency.
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B pabore paccMoTpeH mpomecc pacdeTa TEIUIOBBIX MOTOKOB C HAPYXKHOH IOBEPXHOCTH
9KCHEePUMEHTANBHON YCTAHOBKH JUIS OCYIICCTBICHUS KOMOMHHPOBAHHOTO ONAHIIMPOBAHHS
(cHauana BomoH, 3areM mnapom). Llenap paboTBl — yCTaHOBICHHWE 3HAYCHHsS IOTEPh TeIUia
C TIOBEPXHOCTH IKCIEPUMEHTAIPHON YCTaHOBKH IIPH PA3NYHBIX CIOCO0ax ONaHIIMPOBAHUS
MoperpoaykToB CeBepHOTo OacceifHa Ha IpHMepe CKaTa 3BE3AYaTOro. JKCIepHMEHTaNbHAS
YCTaHOBKa, pa3zpaboTaHHas B MypMaHCKOM TOCYJapCTBEHHOM TEXHMYECKOM YHHBEPCHUTETE,
HUMEET IPSMOYTOJbHBIM CTalbHOW KOPIYC, Pa3[e/ICHHbIM BHYTPU NEPEropoAKO, 4acTHUYHO
pasgesnsiomieil 30Hbl Ul OJaHIIMpOBaHMS Bo#oH M mapoM. MccnemoBanus HDpPOBOJMIMCH
¢ Hcronb3oBaHMeM TeruioBu3zopa Testo 875-1i. B pesynbrare MOMydeHBI TEIIOTPAMMBI
YCTaHOBKH AJISI TPEX CIOCOOOB IpeaBAPUTEIbHON TEIUIOBOH 00paboTku (OIaHIMpPOBaHMS):
o0paboTka BoJoOif; 0OpaboTKa CHaYana BOAOH, a 3aTeM IapoM; oOpabOTKa TONBKO ITApOM.
Pabounii nuanason temmeparyp s Bousl coctaBwia or 80 mo 90 °C. Pacuer TerioBoro
IIOTOKa OT TpaHel KopIyca YCTaHOBKH IPOBEAEH C YYETOM SIBICHHA DPaIUALlMOHHOMN
TeIJIOOTa4M, TaKXKe ECTECTBCHHON KOHBEKIMM OT HAarpeThlX IIOBEpXHOCTEH ammapara,
IpUHUMAs BO BHUMAHHE UX DPAaCIOIOXEHUE B IMPOCTPAHCTBE U TEMIIEPATypy OKpYyXkKarollel
cpensl. B xone paboThl OTy4eHbI THCTOIPAMMBI € IIPOLIEHTHBIM PACTIPEAEIeHUEM TeMIIepaTyp
[0 MOBEPXHOCTSAM YCTAHOBKM, TOYKH C MAaKCHUMaJbHOW M MMHUMalbHOI Temneparypoil. [Ipu
00pabOTKE OSKCIEPUMEHTAIbHBIX [JAHHBIX paccuuTaH KO3()GHULUEHT KOHBEKTHBHOI
U paJIualluOHHON TEIIO0TAa4H, IFIOTHOCTh TEIUIOBOTO IOTOKA U TEIUIOBON MOTOK A KaXKJOH
HOBEpXHOCTH. VICXOIsI M3 MOIYYEHHBIX PE3YyJIbTaTOB M 3HAS MOTPEONIEMYIO IEKTPHUECKYIO
MmomHocTh TOHa u maporeHeparopa, MOXHO IOJOOpaTh TUI M ONPENEIMTh TOJIIMHY
TEMJIOU30JLLMOHHOIO €10 YCTaHOBKH, YTO MO3BOJIMUT CHU3UTH TEIJIOBBIE IOTEPU U IIOBBICUTH
ee 9Hepro3pPpekTHBHOCTH.
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Introduction

The process of preliminary heat treatment or blanching is often used to improve the quality characteristics
of raw materials. Blanching improves the organoleptic properties of the product, removes harmful enzymes,
making it possible to turn non-food raw materials into food ones (Shchetinskii et al., 2014).

Blanching as a method of preliminary heat treatment is widely used for raw materials of plant origin,
mainly vegetables. There are well-known methods of blanching, for example, with steam or water, and various
non-standard methods, such as microwave blanching (Chandrasekaran et al., 2013; Lemmens et al., 2009),
ohmic blanching (Farahnaky et al., 2012; Mizrahi, 1996), infrared blanching (Rastogi, 2012; Zhu et al., 2010).
Blanching of stingray with steam or water, or infrared blanching is discussed in the works of Shokina Yu. V.,
Saenkova I. V., Raybulov S. P. (Shchetinskii et al., 2014; Raybulov et al., 2015). The use of combined blanching
process for the preliminary heat treatment of the stellate stingray has so far been poorly studied (Golubeva et al.,
2018), developing and designing a plant for combined blanching is at the initial stages (Zhikhoruk et al., 2020).

The aim of the study is to determine the quantity of heat losses from the surface of the experimental plant
for various methods of blanching the fish raw materials from the Northern Basin using thorny skate as an
example. To achieve this aim, the following tasks have been solved: 1) building bar charts and determining the
temperatures of the external surfaces of the plant; 2) developing a three-dimensional model of the experimental
plant with the imposition of the thermograms obtained; 3) determining the highest surface temperature required
for the calculation and selection of thermal insulation.

Materials and methods

Investigations were carried out for various methods of blanching on an experimental plant, its design was
developed at the Murmansk State Technical University (now Murmansk Arctic University — MAU). In the
plant’s operation, part of the thermal energy supplied is lost into the environment, which reduces its efficiency,
as a result, it requires a more powerful heating element and a steam generator Convection Heat Transfer, Fourth
Edition (Bejan, 2013). When operating the unit, it is necessary to consider the requirements of the regulatory
documents, according to which the unit’s outer surface temperature should not exceed 45 °C (Technical
Regulations of the Customs Union TR CU 021/2011, 2019").

Heat fluxes were calculated for an experimental plant of periodic action, which has a rectangular steel
body, divided inside into two zones by a wall, partially dividing the zone for blanching with steam and water
(Astramovich et al., 2016). The installation is made of stainless steel, approved for use in the food industry, the
design is protected by a patent and described in detail in (Astramovich et al., 2016). A steam generator with power
of 2000 W and constant productivity of 37 g/min was used as a source of steam, a heating element for heating
the water with power of 2120 W was also utilized. The general view of the experimental plant is shown in Fig. 1.

.

Fig. 1. General view of the experimental plant (without a top cover) (Astramovich et al., 2016)
Puc. 1. O6wmwmii BU 3KCIIEpUMEHTAIbHON YCTaHOBKH (0€3 KPBIIIKH)

The investigation was carried out for the developed modes of various methods of thorny skate blanching
(Golubeva et al., 2018).

With the Testo 875-1i thermal imager, thermograms were obtained for each individual side of the installation
in the water temperature range from 80 to 90 °C in 5 °C strides for each possible method of blanching
implemented on the plant (blanching with water only, blanching with steam only, combined blanching — first

! Texmmueckuit permament Tamoxemnuoro coo3a TP TC 022/2011 "IlmmeBas IpOAYKIHS B YaCTH e¢ MapKUPOBKH"
(pen. ot 14.09.2018) (2018). URL: https://docs.cntd.ru/document/902320347 (nara obparenns: 21.01.2023).
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with water, then with steam). The water temperature was controlled using a built-in thermostat. The steam
temperature was 100 °C. A detailed description of the technique for measuring the parameters of the
technological process is presented in (Golubeva et al., 2018).

To calculate the heat flux, we used the equation (Kreith et al., 2011)

Q=a-A-At (1)
where Q — the heat flux, W; o — the total heat transfer coefficient from the surface of the plant to the air, K ;
M2
A — the surface area, m?; At — the difference between surface and air temperature, K (Kreith et al., 2011).
The heat flux density was determined by the equation (Kreith et al., 2011)
q =a- Atl (2)
LW
where g — the heat flux density, —.
m
At =t~ t,, @)

where At — the difference between surface and air temperature, K; t; — the surface temperature, °C; t, — the air
temperature in the room, °C.
Heat loss from the surface occurs through radiation and convective heat transfer (Kreith et al., 2011)
o= 0o+ o, 4

where o, — the convective heat transfer coefficient, . o — the radiation heat transfer coefficient,

m?-K m?.K

The radiation heat transfer coefficient depends on the surface temperature (ts), air temperature (t,), and the
degree of emissivity of the surface () (Kreith et al., 2011)

273,15)" — 273,15)*
o —e5,67036710% | L 23I) —~(L + 27315 | ()
(ts _ta)
where ¢ — the degree of the surface emissivity.
The convective heat transfer coefficient was calculated by the formula (Favre-Marinet et al., 2009)
aK _ NU'?\, , (6)

I0
where Nu — the Nusselt number; A — the coefficient of air thermal conductivity, lK; l, — the decisive surface
m .

size, m.

The equation for the Nusselt number depends on the location of the surface in space. The equations for
calculating the Nusselt criterion and the restrictions imposed on them are presented in Table 1 (Bengtson, 2010).
For the study conducted: | — natural convection at a vertical wall, Il — natural convection over a horizontal
surface, 11 — natural convection under a horizontal surface.

Table 1. Calculation of the Nusselt criterion depending on the position
of the surface of the unit in room space (Bengtson, 2010)
Tabmuma 1. Pacuer kpurepust Hyccensta B 3aBHCHMOCTH

OT TIOJIOKEHHSI MOBEPXHOCTH arapara B npoctpanctse (Bengtson, 2010)

Surface location Constraints Equations for the Nusselt number, Nu

14
Nu=0 684 207Ra _

Ra< 10° 0.492 9/16

1+ ()
Pr
I 2

Dal/6

10° < Ra<10% Nu=| 0,825 %387Ra

9/16 8/27
(1+(0,492j J
Pr

Ra < 10° Nu = 0,54-Ra"*

10° < Ra < 10%

Nu = 0,15Ra*®

10°<Ra< 10"

Nu =0, 27-Ra"*

Note: Nu is the Nusselt number; Ra — the Rayleigh number; Pr — the Prandtl number.
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The decisive size I, for case | is calculated as Iy = L (Bengtson, 2010), where |, is the determining size, m;
L — the surface height, m.
For cases Il and 111, respectively
D )
° 2(B+L)’
where B is the surface width, m.

Results

For better visualization of the convective and radiation heat transfer process using the software, a three-
dimensional model of the experimental plant has been developed, thermograms being imposed on it. These
three-dimensional models allow determining the highest temperature of surfaces and areas of the plant, thus
detecting an increased risk of thermal destruction. Fig. 2 shows an example of a 3D model for combined
blanching with 90 °C water and steam.

Fig. 2. Three-dimensional model of the plant with superimposed thermogram
with combined blanching with water at a temperature of 90 °C and steam (compiled by the authors)
Puc. 2. TpexmepHas MOI€Nb YCTAHOBKH C HAJIOKEHHBIMU TEIUIOTpaMMaMU
TIpY KOMOWHHUPOBAHHOM OJIAHIIIMPOBAHUH BOIOM ¢ TemiepaTypoit 90 °C u mapoM (CocTaBIeHO aBTOpaMM)

Using testo irsoft 4.5 software, bar charts with the percentage temperature distribution over the surface
area have been obtained. An example of the bar chart obtained over the horizontal surface using the combined
blanching method (first water at 90 °C, then steam) is shown in Fig. 3. The bar chart summarizes the percentage
distribution of temperature over the test surface.

On the basis of the bar charts, the average (), maximum (t,a) and minimum (t,;,) temperatures have
been determined for each face of the plant in all investigated modes. For the bar chart shown in Fig. 3, t,, is
equal to 49.1 °C, t.x — 68.9 °C, tmin — 25.8 °C. Using the values obtained for surface temperatures, it is possible
to calculate the value of heat flux initially from each face, and then from the plant as a whole.

100
80
60

40

0Q
258 301 344 387 430 a74 L7 6,0 603 646 689

Fig. 3. Temperature distribution over the surface area above the horizontal wall in combined blanching
(first water with the temperature of 90 °C, then steam), in percent (compiled by the authors)
Puc. 3. Pacnipenenenue TemMmnepaTypsl 10 IUIOMAIN IIOBEPXHOCTH HAJ] TOPU30HTAIBHON CTEHKON
py¥ KOMOMHHPOBAHHOM OJIAHITMPOBAHUH (CHaYaa Boaa ¢ Temmeparypoi 90 °C, 3atem map),
B IIPOIIEHTaX (COCTAaBIEHO aBTOPaMU)
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As a result of mathematical processing of experimental data, the values of the parameters of the heat
transfer process, presented in Table 2, have been obtained.

Table 2. The calculated parameters of the heat transfer process (compiled by the authors)
Tabnmma 2. PaccuntanHble mapaMeTpsl mpolecca Terioo0MeHa (COCTaBIeHO aBTOPAMM)

Blanching method

. o combined (first with water, . R
Calculated parameter with water, t, °C tof .. °C, then steam at 100 °C) with steam, t, °C
80 85 90 80 85 90 100
Average coefficient of convective
heat transfer, g, W 3.458 | 3.530 |3.625| 3.824 | 3.897 3.888 3.535
m?.K
Average coefficient of radiative heat
transfer, o, o, W_ 5.448 | 5.493 |5.555| 5.689 | 5.748 5.742 5.483
m-K
Average heat flux density, da, I 11477 | 163.8 |186.9| 239.8 | 2638 | 2614 163.0
Heat flux, Q.,, W 174,31 193.3 |220.1| 282.7 310.9 308.5 191.4

The thermal insulation of the plant should be calculated with regard to the maximum surface temperature,
which is t= 82.7 °C.

Discussion

It follows from the histograms obtained that each face of the installation is experiencing significant thermal
stress, causing increased wear of the material. The location of the points of peak thermal loads corresponds to the
locations of the heating element installation, in the water blanching section, and the steam collector, in the steam
blanching section, as evidenced by the three-dimensional model of the installation with superimposed thermal
diagrams in Fig. 3.

The average coefficient of convective heat transfer and the average coefficient of radiative heat transfer in
the studied temperature range (from 80 to 100 °C) for the three blanching methods retain an almost constant
value, which can be explained by the rather narrow recommended temperature range of the PTT (blanching)
process.

The average heat flux density and, consequently, the heat flux increase with increasing the temperature of
the blanching medium. The minimum value corresponds to steam blanching at a temperature of 100 °C, the
maximum value corresponds to combined blanching (first with water at a temperature of 90 °C, then with steam
at a temperature of 100 °C). As follows from previous studies, steam blanching of stingray leads to significant
protein loss, and is not recommended for use (Shchetinskii et al., 2014).

Conclusion

Based on the analysis of the results obtained, it has been found that the maximum heat losses are observed
for the combined method of blanching (first treatment with water, then with steam) at a water temperature from
85 to 90 °C and range from 308.5 to 310.9 W.

The experimental data obtained and the results of the calculation of heat losses can be used to determine
the required thickness of the thermal insulation layer, which will ensure safe working conditions for personnel,
reduce energy consumption of the equipment to achieve the required modes of combined blanching and, as
a result, reduce financial costs of the plant’s development and operation.
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