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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. 

 
 

1© V. Fedorov, O. Kepko, V. Kepko, A. Berezovskyi, O. Trus, E. Prokopenko, S. Zhurilo 
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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 C⁰ 
(Fig. 1, curve 1) give simple kinetic dependences for the temperatures of the 
lower tl (which contacts with the «hearth») 2, the upper tu of the 3 surfaces 
and the center tc 4 as well as for heat loads – from the contact q1 5 and the 
radiative and convective q2 6. 

Balance calculations gave positive results: heat was supplied (per 1 kg 
of product) from the «hearth» with a thermal conductivity of 72 kJ/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 q1 and tu: 
 

𝑞𝑞1(τ) = 2000 + 2300 · 𝑒𝑒−1,52τ   (1) 
𝑡𝑡𝑢𝑢(τ) = 130− 96 · 𝑒𝑒−0,83τ    (2) 

 
where τ − time, min; 

   q1 – heat flow density on the surface of the flatbread from the side, 
W/m2; 

   tu – 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 λ(τ) – 0.29...0.26 W/(m·K) and thermal conductivity α(τ) – 
(1...2)·10-7 m2/s, made it possible to compare experimental and calculated 
temperature data in the center of the flatbread. During the calculation tu(τ) 
changes in the thickness of the flatbread h during baking were taken into 
account according to the simplest linear dependence (since λ was measured 
only at the beginning and end of baking), as well as the change in the 
effective α due to the heat of moisture evaporation. The calculation was 
carried out for τ = 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 Q1, to the contact surface Q2 and their sum 
Q = Q1 + Q2, as well as the theoretical consumption QТ, and the mass loss 
Δm/m in percent and imbalance (QТ − Q)/QТ,·100 (Тable 1). 

Table 1 
Heat and material balances of furnaces 

Oven Δm/m Q1 Q2 Q QТ ±% 
Bruver–Salikhov oven 6,5 198 128 326 340 + 4,1 
Danko–Sultan-Khodzaiev 
oven 8,5 174 193 367 394 + 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 πτ = τ/τf та πα = qc/q, were used, where τ is the 
current baking time, τf is the final baking time, qc and q are the current and 
final intensity of heat supply from the hearth. 

The results of the calculation of the dependence of πα from πτ showed 
that it is the most stable for the tandoor: in the initial period (up to πо = 0.5), 
πq 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, πq 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(πτ) for the 
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tandoor and the Bruver–Salikhov oven. 

 
 

Figure 2. Comparison of the total heat release rate ∑q and the share of 
energy supplied from below πq, for a tandoor (1, 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 1 and 3 of Figure 2 should be used. It is necessary to monitor the 
uniform moistening of the dough pieces. 
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ДОСЛІДЖЕННЯ ТЕХНОЛОГІЧНИХ І ТОВАРНИХ ПОКАЗНИКІВ 
СХІДНИХ СОРТІВ КОРЖИКІВ ПІД ЧАС ВИПІКАННЯ В ТАНДИРІ 

 
Анотація 

Національні східні сорти коржиків (лаваш, обі-нон, дамбі-нон, тощо) 
випікають як в механізованих так і в печах з ручним обслуговуванням для 
індивідуального або масового використання готової продукції. Серед останнього 
типу печей найбільш поширюється тандир з електричним або газовим джерелом 
підведення теплоти. 

Для дослідження зовнішнього та внутрішнього тепломасообміну під час 
випікання коржиків в узбецькому горизонтальному тандирі використовували два 
типи термоелектричних датчиків – термопари для вимірювання температури та 
первинні перетворювачі густини теплового потоку, що передається зовні до тіста 
коржика та в середину виробу, а також електронна вага для визначення убутку 
маси. 



Науковий вісник ТДАТУ  
 

8 з 8 

Вип. 13, том 2 

 

 SBTSATU. 13. 2. 32 

Балансові розрахунки показали, що теплота, яка підводилась (на 1кг 
продукції) від «черіння» теплопровідністю становить 72 кДж/кг, а променисто-
конвективно – 233 кДж/кг. Розрахунок за рівнянням теоретичної витрати теплоти з 
врахуванням витрати на убуток маси склав 293 кДж/кг. 

Оскільки різниця в сумарній витраті теплоти склала менше 4,1 %, зроблена 
спроба перевірки розв’язання прямої задачі теплопровідності одномірного тіла 
(пластини) з відомим змінним тепловим потоком по одній поверхні та, для 
однозначності, з відомою змінною температурою на другій поверхні. 

Теплометричний і термометричний моніторинг випікання коржиків обі-нон 
дав можливість показати технологічні і товарні переваги тандира перед випіканням 
у механізованих печах, а також порівняти динаміку зміни температури в центрі 
тіста коржика з теоретичним розв’язанням задачі теплопровідності в пластині. 
Проведено порівняння даних із результатами випікання коржиків у печах Данько – 
Султан-ходжаєва, Брувера – Саліхова та БН–50. Дослідження проводили у 
виробничих умовах без зміни режимів випікання. Вимірювальна апаратура і точки 
вимірювання були такими ж, але усі тепломіри і термопари мали компенсаційні 
провідники достатньої довжини, щоб забезпечити моніторинг випікання від 
початку до кінця. 

Вироблені рекомендації до розподілу джерел енергії в механізованих печах 
та конструкції їх подиків (подів). 

Ключові слова: східні коржики, розподіл теплопідведення, тепловий баланс, 
матеріальний баланс, енергоощадні та органолептичні показники. 
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