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STUDY OF TECHNOLOGICAL AND COMMERCIAL
INDICATORS OF ORIENTAL TYPES OF FLATBREAD DUDING
BACKING IN A TANDOOR

Summary. National eastern types of flatbread (lavash, Obi-non, Dambi-
non etc.) are baked both in mechanized and manually operated ovens for
individual or mass use of finished products. Among the last type of ovens,
the most widespread is the tandoor with an electric or gas source of heat
supply.

Two types of thermoelectric sensors were used to study the external and
internal heat and mass exchange during baking of flatbread in Uzbek
horizontal tandoor. These are the thermocouples for temperature
measurement and primary converters of the heat flow density transmitted
from the outside to the dough and into the middle of the product, as well as
an electronic scale to determine the loss of mass.

The thermometric monitoring of the baking of Obi-non flatbreads made
it possible to show the technological and commercial advantages of the
tandoor over baking in mechanized ovens, as well as to compare the
dynamics of temperature changes in the center of the flatbread dough with
the theoretical solution of the problem of thermal conductivity in the plate.

The recommendations for the distribution of energy sources in
mechanized ovens and the design of their hearthstone (bottom) have been
developed.

Key words: oriental flatbreads, heat supply distribution, heat balance,
material balance, energy-saving and organoleptic indicators.
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Formulation of the problem. The baking chamber of the tandoor has the
shape of a horizontally located pot with an open narrow part, through which
round-shaped dough pieces are stuck onto the surface of the pan heated by
an infrared burner. Thus, heat is supplied from the «hearth» by heat
conduction, from the burner — by radiation and from the environment of the
baking chamber — by convection.

The small-sized (10 x 10 x 1.2 mm) quick-response heat flow sensors
[1-3] with the thermocouples mounted in them were pressed into the
experimental piece from both sides in the center, and a separate
thermocouple was placed in the center. The temperature of the baking
chamber environment and the weight loss of the flatbread were also
measured. These data were obtained by direct measurement of the heat flow
density using small-sized, low-inertia thermometers that do not interfere
with the flow of the technological process.

During the research, methods of organoleptic, physico-chemical,
functional-technological and structural-mechanical research were used [4—
6].

Formulation of the aim of work. Eastern types of bread are still baked
in tandoors and traditional ovens with manual service. The research objective
is to study the time and space thermal load on the product, to summarize the
thermal and material balances, to compare the results with known data of
baking flatbreads in mechanized ovens. In addition, it became possible to
check the analytical solution of the problem with non-homogeneous
boundary conditions due to the simple geometric shape of flatbreads.

The main part. Data averaged by statistical processing from the baking
of six 0.2 kg Obi-non flatbreads at an ambient temperature of 175...185 C°
(Fig. 1, curve 1) give simple kinetic dependences for the temperatures of the
lower ¢ (which contacts with the «hearth») 2, the upper ¢, of the 3 surfaces
and the center #. 4 as well as for heat loads — from the contact g; 5 and the
radiative and convective ¢> 6.

Balance calculations gave positive results: heat was supplied (per 1 kg
of product) from the «hearth» with a thermal conductivity of 72 klJ/kg and
the radiant-convective one — 233 kJ/kg. Calculation according to the
equation of theoretical heat consumption, taking into account the cost of
mass loss, gave 293 kJ/kg.

Since the difference in the total heat flow was less than 4.1 %, an
attempt was made to verify the solution of the direct problem of thermal
conductivity of a one-dimensional body (plate) with a known variable heat
flow on one surface and, for clarity, with a known variable temperature on
the second surface [7-11].
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Figure 1. Change in temperature and heat loads on both sides of Obi-
non flatbread during baking in a tandoor

The simplest approximation equations were obtained for g; and ¢,:

g1(7) = 2000 + 2300 - =527 (1)
t,(9) = 130 — 96 - 70837 )

where 7— time, min;

q: — heat flow density on the surface of the flatbread from the side,
W/m?;

t, — exterior wall (the upper) temperature.

Substitution of the coefficients from (1) and (2), as well as the
thermophysic characteristics of flatbread dough from [12, 13] — heat
conductivity A(t) — 0.29...0.26 W/(m-K) and thermal conductivity o(t) —
(1...2)-107 m?/s, made it possible to compare experimental and calculated
temperature data in the center of the flatbread. During the calculation #,(7)
changes in the thickness of the flatbread /# during baking were taken into
account according to the simplest linear dependence (since A was measured
only at the beginning and end of baking), as well as the change in the
effective o due to the heat of moisture evaporation. The calculation was
carried out for t=0; 1; 2; 3; 4 min. In Figure 1 the results are plotted in
circles.
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Good data coincidence allows to hope that, based on the results of
thermometric studies of various technological processes, it is possible to
obtain new «inverse» information, as during the study of the dependence of
the thermal conductivity of cream on fat content, an almost functional
inverse dependence was obtained [14—16]. It can significantly reduce the
time of determination of cream fat content during their processing. Now it
will be possible to find out in what state — in the form of liquid water or steam
— the moisture in the middle of the flatbread dough moves at any moment in
time.

The comparison of the above data was made with the results of baking
flatbreads in Danko—Sultan-Khodzaiev, Bruver—Salikhov and BN—-50 ovens
[17, 18]. The experiments were carried out in production conditions without
changing the baking modes. The measuring equipment and measurement
points were the same, but all thermometers and thermocouples had
compensating leads of sufficient length to allow monitoring of the baking
from the beginning to till the end.

In Danko—Sultan-Khodzaiev, Bruver—Salikhov ovens the Obi-non
flatbreads weighing 0.2 kg were baked and in the BN—50 oven — the Dambi-
non flatbreads weighing 0.5 kg.

We compared the amount of heat that reached the outer surface of the
flatbread per 1 kg of dough @, to the contact surface (O, and their sum
O = Q;+ 0>, as well as the theoretical consumption Qr, and the mass loss
Am/m in percent and imbalance (Qr— Q)/Qr,-100 (Table 1).

Table 1
Heat and material balances of furnaces
Oven Am/m Q] Q2 Q QT +%
Bruver—Salikhov oven 6.5 198 | 128 | 326 | 340 | +4,1
?j‘:rlfo_suhan'KhOdzaleV 85 | 174 | 193 | 367 | 394 | +6,9
BN-50 oven 12,5 | 296 | 125 | 421 | 470 | +10,4
Tandoor 4,6 233 | 72 | 305 | 293 | —4,1

To compare the kinetics of heat supply to flatbreads in different ovens,
the parametric numbers 7, = v/7r Ta 7« = q./q, were used, where t 1s the
current baking time, 7y is the final baking time, ¢g. and ¢ are the current and
final intensity of heat supply from the hearth.

The results of the calculation of the dependence of 7. from 7, showed
that it is the most stable for the tandoor: in the initial period (up to 7, = 0.5),
m, ranges from 0.3 to 0.43, and subsequently it is maintained at the level of
0.3 (Fig. 2). For the BN-50 oven, x, ranges strongly (from 0.1 to 0.5), for
the other two, it initially ranges from 0.6 to 0.7 and gradually decreases to
0.3. Figure 2 also shows the change in the total heat inflows q(z;) for the
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tandoor and the Bruver—Salikhov oven.
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Figure 2. Comparison of the total heat release rate Y g and the share of
energy supplied from below =, for a tandoor (/, 3) and Bruver—Salikhov
oven (2, 4)

From Table 1 and Fig. 2, it can be seen that the supply of heat in the
tandoor is uniform, and its consumption for baking is the smallest. The loss
of mass in this oven is also the smallest (this is due to the uniform moistening
of the flatbreads). The organoleptic indicators of finished products for the
tandoor are also the highest [19-21].

Conclusions. During the construction and adjustment of ovens for
oriental flatbreads, the kinetics of heat transfer curves 5 and 6 of Figure 1,
curves / and 3 of Figure 2 should be used. It is necessary to monitor the
uniform moistening of the dough pieces.
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B. ®enopos!, O. Kenko?, B. Kenko’, A. Bepe3oBcbkuii?,
O. Tpyc?, E. lIpoxonenko?, C. Kypuiio?
TIpodecop-koncyabTanT
ZYMaHCHKHI HAiOHAJBLHUI YHIBEPCHTET CaliBHHITBA
SBislonepkiBchLKMiT HANIOHAILHMIE arpapHuii yHiBepCHTET

JOCIIKEHHA TEXHOJOI'TYHUX I TOBAPHUX ITOKA3HUKIB
CXIJHHUX COPTIB KOPXXUKIB I YAC BUIIIKAHHA B TAHIAWUPI

Anomauisn

HarmionanbHi cXifiHI COPTHM KOpXHKIB (J1aBami, 0O0i-HOH, JaM0i-HOH, TOIIO)
BUITIKAIOTh SIK B MEXaHI30BaHUX TaK 1 B Ie4YaX 3 PYYHUM OOCIyrOBYBAaHHSM JIJIsi
1HIUBIyaTbHOTO 200 MacOBOTO BHKOPUCTAHHS TOTOBOI Mpoaykiii. Cepel 0CTaHHBOTO
TUITY TIeYeH HANHOUIBII MOMITUPIOETHCS TAHIUP 3 €ICKTPUIHUM a00 Ta30BHM JIKEPEIOM
MiABENECHHS TEIIOTH.

Jnst gocnipkeHHsT 30BHIITHBOTO Ta BHYTPINIHBOTO TEIMJIOMAcOOOMIHY T dYac
BUIIIKAaHHS KOPXKUKIB B y30€LIbKOMY TOPU30HTAJIbHOMY TaHAMPI BUKOPHCTOBYBAIU JBa
TUNU TEPMOENEKTPUYHUX JATUMKIB — TEPMOMApH JUIsi BUMIPIOBAHHS TEMIIEpaTypH Ta
NEpBUHHI MEPETBOPIOBAYi T'YCTHHU TEIJIOBOTO MOTOKY, L0 MEPENAEThCsl 30BHI /10 TiCTa
KOp)KHKa Ta B CepelHy BUPOOY, a TaKOXK €JIEKTPOHHA Bara JJisi BU3HAYCHHsS yOyTKYy
MacH.
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BanancoBi po3paxyHKH TMOKa3aiu, IO TEIUIOTa, sKa MiABoAWiIach (Ha IKr
MIPOJYKINii) BiJ] «YEPiHHS» TEIIOMPOBIIHICTIO CTaHOBUTH 72 KJ[XK/KT, a TPOMEHUCTO-
KOHBEKTHBHO — 233 kJ[/Kr. Po3paxyHOK 3a piBHSAHHSAM TEOPETUYHOI BUTPATU TEIIJIOTH 3
BpaxyBaHHSIM BUTpATH Ha yOyTOK MacH ckiaB 293 kJ[x/Kr.

OCKUTbKY PI3HUIS B CyMapHiil BUTpaTi TEIUIOTH ckiana menuie 4,1 %, 3pobieHa
cripo0a MepeBIpKH PO3B’sI3aHHS MPSIMOI 3a/1adl TETUIOMPOBIAHOCTI OJHOMIPHOTO Tija
(MmacTWHYW) 3 BIJOMHUM 3MIHHUM TEIUJIOBUM IIOTOKOM MO OJHIM TOBEpXHI Ta, IS
OJIHO3HAYHOCTI, 3 BIJIOMOIO 3MiHHOIO TEMITEpaTypoIO Ha APYTii TOBEPXHI.

TennoMeTpuyHUN 1 TEPMOMETPUYHUN MOHITOPHHT BHUITIKAHHS KOP>KUKIB 00i-HOH
JIaB MOKJTMBICTH ITOKA3aTH TEXHOJIOT14HI 1 TOBApHI MEpeBaru TaHANPA Nepe T BUTTIKAaHHIM
y MEXaHI30BaHMUX MeyYax, a TaKoXX MOPIBHATH TUHAMIKY 3MIHM TeMIEpaTypH B LEHTpi
TICTa KOP)KHMKa 3 TEOPETHUYHHUM PO3B’SI3aHHAM 3a/1adl TETUIOMPOBIAHOCTI B IUIACTHHI.
[IpoBeeHo MOPiBHAHHS JaHUX 13 pe3yJIbTaTaMH BUIIKaHHS KOPXKUKIB y neyax J{aHbko —
Cynran-xomkaeBa, bpyBepa — CamixoBa Tta BH-50. JlocmimkeHHS TpOBOIUIU Y
BUPOOHUYMX YMOBax 0e3 3MiHU peXHMMiB BUITIKaHHS. BuMipioBanbHa amaparypa i TOUKH
BUMIPIOBAaHHS OYyJIM TaKMMH XK, aje YCl TETUIOMIPH 1 TEpPMOIIapu Maju KOMIICHCAIliHH1
MPOBITHUKHA JOCTaTHBOI JIOBKHHH, I00 3a0e3MeYUTH MOHITOPUHT BHUITIKAHHS BiJ
MOYATKY /IO KIHIIS.

Bupobneni pekomMeHalii 1o po3moaiiay JKepen eHeprii B MeXaHi30BaHHX Ievyax
Ta KOHCTPYKIIi X MOAMKIB (TTOMAIB).

Knrouogi cnosa: cxiiHi KOPKUKHU, PO3MOALT TEIUIONIIBEACHHS, TETJIOBH OataHc,
MaTepialbHUN OaJlaHC, EHEPTOOIIIa/IHI Ta OPTaHOJICTITUYHI TOKa3HUKH.
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