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Abstract. This comprehensive scientific study investigates the
development, technical implementation, and empirical evaluation of an
advanced integrated thermo-aerodynamic recirculation method designed for
high-efficiency hybrid pizza ovens utilizing a combination of wood and gas fuel
sources. The engineered system introduces an innovative structural
configuration featuring a dual-dome architecture integrated with a recuperative
air gap, a uniquely structured stator-type guide vane assembly designed to
generate counter-rotating vortex flows, and passive aerodynamic gates
specifically calibrated to stabilize internal thermal environments against external
wind disturbances. The research methodology encompasses a detailed multi-
phase thermodynamic analysis, numerical simulations of coupled convective-
radiative heat transfer mechanisms, and field experiments aimed at evaluating
thermal response velocities and fuel consumption rates. The experimental results
demonstrate a significant reduction in start-up intervals, with the system
reaching its optimal operating temperature of five hundred degrees Celsius
within twenty to thirty minutes, while maintaining exceptional spatial
temperature uniformity within ten degrees Celsius. This precise thermal control
reduces the total required baking duration to sixty seconds per unit, fulfilling the
strict traditional speciality guaranteed standards established for authentic wood-
fired artisanal pizza production. The subsequent economic analysis validates that
the recirculation design substantially enhances overall energy efficiency and
reduces baseline fuel consumption compared to standard commercial
configurations. The findings confirm that the integration of thermo-aerodynamic
recirculation loops offers a highly viable engineering strategy for enhancing
performance in commercial catering applications, restaurant operations, and
small-scale specialized production lines, providing a practical foundation for
scaling energy-efficient thermal processing systems.

Keywords: pizza oven innovation; hybrid pizza oven; pizza baking; wood
fired oven; heat transfer; high temperature baking; energy efficiency; thermal
regime; sensory quality; consumer behavior; technological food innovation;
artisanal pizza; wood fired pizza; premium pizza segment.

Introduction. Formulation of the problem

consequently, growing demand for the manufacturing of

The modern food industry encompasses both food

wood-fired and hybrid ovens.
The baking process is one of the most critical

products and the technological processes that enable
their production. Pizza is a product shaped by complex
technological and market dynamics, where the final
quality is determined not only by the recipe but also by
the baking technology.

Over the past five years (2021-2025), the global
pizza market has demonstrated stable growth of +5-6%
CAGR (Compound Annual Growth Rate) [1], along
with explosive expansion in the artisan / wood-fired /
premium pizza segment [2,3]. The steadily increasing
demand in these segments is reshaping the B2B market:
demand for wood-fired and hybrid ovens is rising and
stabilizing. Importantly, wood-fired ovens have become
a marker of product quality, even within the hybrid-oven
segment. As a result, production standards for pizza are
increasing, including TSG certification [4], the rapid
development of local pizzerias and franchises, and
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stages in the production of food products, particularly
pizza, where the temperature regime directly affects the
quality of the final product. Modern foodservice
enterprises require equipment that ensures uniform heat
distribution, rapid heating, and minimal energy
consumption [5,6,7].

Traditional pizza ovens (wood-fired, gas, electric)
can reach temperatures of 400-500°C, but they have
several disadvantages, including low thermal efficiency
(15-25%), uneven temperature distribution, long
heating times, and significant heat losses. These factors
reduce productivity and lead to inconsistent product
quality [8,9,10]. Modular ovens that combine barbecue
and open-fire functions also exhibit low energy
efficiency and high sensitivity to wind gusts, which
disrupt draft and cause temperature fluctuations. Gas

Volume 20 Issue 2/2026


http://creativecommons.org/licenses/by/4.0

TexHonozis i 6e3nexa npodykmie xapuyearHs / Technology and safety of food products

ovens provide precise temperature control but do not
produce the characteristic wood-fired aroma and often
overdry the pizza surface due to intense convective
airflow.

Thus, the challenge remains to combine:

— high heating rate,

— uniform temperature distribution,

—  energy efficiency,

—  thermal stability,

— and the sensory authenticity of wood-fired
pizza.

This study substantiates the feasibility of
implementing the thermo-aerodynamic recirculation
method in oven manufacturing. An innovative oven
design is proposed that eliminates the drawbacks of
existing solutions through:

— adual-dome structure with a recuperative gap,

— stator-type guide vanes that generate
counter-rotating vortex flows,

— aerodynamic shutters that block reverse draft,

— atwo-stage heating cycle (gas — pyrolysis —

wood),

— intensification of radiative and convective heat
transfer.

The proposed integrated method increases

heat-flux density by optimizing the convective and
radiative components of heat transfer, enabling a
high-temperature baking regime (up to 500°C) with a
reduced baking time of 60 seconds without
compromising product quality.

It has been demonstrated that the implementation
of this technology improves energy efficiency,
stabilizes the temperature regime, enhances product
consistency, and optimizes production processes [11].

Analysis of recent research and publications

From a marketing perspective, the use of
wood-fired and hybrid ovens creates additional
consumer value, increases customer trust, and provides
competitive advantages in the artisanal, wood-fired,
premium, and fast-casual segments [12,13,14,15].

According to Statista Research Department, Fig. 1,
the artisanal and wood-fired pizza segment is showing
higher growth rates (~8-10% CAGR) compared to the
global pizza market (5-6% CAGR) [3,4,13]. This
structural shift towards premiumization and increased
consumer value is generating demand for wood-fired
ovens as a separate market trend.

According to Euromonitor and industry reports
[3,4,10,13], the most dynamic growth is observed in
Asian markets, where wood-fired/artisan pizza is
gaining a strong foothold in the luxury segment,
accounting for 5-10% of the market and growing
rapidly in CAGR terms. According to Statista [15], in
the United States—where the pizza market exceeds $45
billion annually—wood-fired pizza has traditionally
been positioned as a premium niche product. The
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steadily increasing demand has led to the emergence of
a new market segment: wood-fired pizza as a
mass-market product.

Global vs Wood-fired pizza market and regional dynamics
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Fig. 1. Dynamics of the global pizza market,
the wood-fired/artisanal pizza segment, and
regional markets (Asia, the USA, and Europe)

In Europe, the birthplace of pizza standards, the
market structure is also undergoing transformation.
Over the past four years, the markets of Italy, France,
Spain, and Germany have shown rapid growth in the
premium casual dining segment. The “artisan pizza”
category, including “wood-fired pizza,” has grown by
+6-8% annually in major European cities, and up to 30—
40% of newly opened pizzerias position themselves as
“artisan, wood-fired pizza” establishments [11,16].

Due to the dynamic reconfiguration of the pizza
market toward higher quality and intensified
production, the technological sector is also undergoing
transformation [17,18]. New methods and technological
innovations that increase production efficiency while
maintaining quality standards are attracting significant
interest. The use of high-temperature baking regimes
(500°C, 60 seconds) aligns with current market
demands for rapid service and preservation of the
product’s organoleptic characteristics [5,7,10,11,19,20].

Research materials and methods

168

The aim of this study is to substantiate and
experimentally verify the effectiveness of an integrated
thermo-aerodynamic recirculation method for high-
efficiency pizza baking ovens, including its impact on
thermal performance, temperature stability, and energy
efficiency.

The study was conducted using an experimental
prototype of a hybrid wood-fired/gas pizza oven
developed by the author based on an integrated thermo-
aerodynamic recirculation method.

To achieve the stated aim, the following
objectives were accomplished:
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« a conceptual design of a hybrid oven based on an
integrated thermo-aerodynamic recirculation method
was developed;

* existing pizza oven technologies were analyzed
to identify key limitations;

+ the thermo-aerodynamic configuration of the
oven, including vortex flow formation and heat
recirculation mechanisms, was investigated;

* the temperature operating regime and heating
dynamics were experimentally studied;

+ the uniformity of temperature distribution within
the baking chamber was determined;

+ the energy efficiency and heat
performance of the system were evaluated.

transfer

Results of the research and their discussion

The innovative hybrid wood—gas oven features a
multilayer, aerodynamically optimized structure that
ensures intensive heat transfer, temperature stability,
and high energy efficiency. Its operation is based on the
combined action of radiative, convective, and
recirculating heat transfer.

The oven structure was constructed using
refractory ceramic materials with high heat resistance
and thermal capacity (industrial-grade refractory
components, EU standard production). The inner dome
and hearth were made of dense refractory material,
while the outer dome incorporated heat-insulating layers
to reduce thermal losses.

Hardwood fuel (oak and beech, moisture content
10-15%) was used as the primary solid fuel during the
baking stage. A gas burner system (propane-butane
mixture, standard commercial supply) was applied for
the initial heating phase.

Temperature measurements were performed using
a high precision thermocouple (type K) installed inside
the baking chamber.

The main components include:

1. Double Dome with Recuperative Gap

Inner dome (7) — made of refractory material,
forms the baking chamber and accumulates heat.

Outer dome (8) — thermally insulated, minimizes
heat losses.

Recuperative gap (9) between the domes enables
the circulation and reuse of hot gases, increasing overall
efficiency.

2. Stator Type Support Vanes (10)

Positioned between the domes and forming
windows (11) for the passage of hot gases.

Designed as stator vanes:

- the upper section (14) induces clockwise rotation,

- the lower section (16) induces counter clockwise
rotation.

These create counter rotating vortex flows that:

- intensify mixing of hot gases, The figure 4 shows
how the recessed pockets of the aerodynamic shutters
18 prevent wind penetration, reducing the intensity of
the downward convection flow 20 by at least two times.
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As the experiment has shown, after the second level 26,
the intensity of the flow 20 decreases by 5 or more
times, ensuring heat locking inside the working chamber
4 without the use of mechanical dampers.

- ensure uniform heating of the floor and dome,

- stabilize the temperature regime.

3. Baking Chamber and Base

Baking chamber (4) — the primary thermal
processing zone.

Floor (5) — a high mass heat accumulating surface
that ensures uniform baking.

Base (1) — structural support for the entire oven.

4. Chimney and Aerodynamic Shutters

Chimney (2) equipped with aerodynamic shutters
(18).

The shutters have two levels (25, 26) and serve to:

- reduce resistance during heating,

- block reverse draft,

protect against wind gusts,

retain heat inside the chamber.

5. Gas Burner (21)

Used during the initial heating stage.

Produces a flame jet (23) directed into the
recuperative gap.

Enables rapid heating to 300°C and initiates wood
pyrolysis.

6. Temperature Control

Thermocouple (24) provides real time monitoring
of the temperature regime.

Fig. 2. Structure of the hybrid wood-gas oven

The figure 2 presents a sectional schematic of the
dome-type oven, illustrating the internal chambers, gas
circulation paths, and heat-transfer zones. It shows how
the structural elements of the dome, base, and exhaust
system interact to guide airflow and maintain thermal
stability during operation.
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The figure 3 illustrates the mechanism of
simultaneous counter-rotating gas flows. This
aerodynamic effect enhances hot-gas mixing, ensures
uniform heating of the floor and dome, and stabilizes the
overall thermal regime.
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Fig. 3. Cross-sectional schematic of the
vortex -inducing stator — rotor assembly used to
generate controlled gas circulation in the oven

The figure 4 shows how the recessed pockets of the
aerodynamic shutters 18 prevent wind penetration,
reducing the intensity of the downward convection flow
20 by at least two times. As the experiment has shown,
after the second level 26, the intensity of the flow 20
decreases by 5 or more times, ensuring heat locking
inside the working chamber 4 without the use of
mechanical dampers.

Fig. 4. Passive aerodynamic shutters for thermal
stabilization and wind protection

The research methodology was structured
according to the objectives of the study and included the
following stages:
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1. Analysis of existing technologies

A comparative analysis of conventional pizza oven
designs (traditional wood-fired Pompeian ovens, gas-
assisted ovens, and modular baking systems) was
performed to identify key technological limitations,
including thermal inefficiency, long heating time, and
non-uniform heat distribution.

2. Design and construction of the experimental
oven

An innovative hybrid oven based on an integrated
thermo-aerodynamic recirculation method was designed
and constructed. The design included a dual-dome
configuration consisting of an inner refractory dome
(baking chamber) and an outer dome forming a
recuperative heat exchange space.

3. Thermo-aerodynamic configuration

The internal structure of the oven was optimized to
generate controlled vortex airflow using stator-type
guide elements. These elements created counter-rotating
flows of combustion gases, obecmedyroun intensive
mixing and uniform temperature distribution within the
chamber.

q= h(Tair - Tsurface) + EU(Té-all - T;erace)
where:
q — total heat flux (W/m?);
h — convective heat transfer coefficient
(W/(m*K));

Tair — air temperature in the oven (K);

Tsurface — product surface temperature (K);

e\varepsilon — emissivity;

o\sigma — Stefan—-Boltzmann constant (¢ = 5.67
x 1078 W/(m?-K#)

Twan — oven wall temperature (K).

The difference (Tair—Tsurface) determines the
convective heat flux.

At high temperatures (~500°C), radiative heat
transfer dominates, significantly increasing heating
intensity and reducing baking time.

Thus, the heat flux reaching the product surface is
determined by the combined contribution of convective
and radiative components. The convective component
depends on the temperature difference between the oven
air and the product surface, whereas the radiative
component is governed by the temperature of the oven
walls and follows the Stefan—-Boltzmann law. At
temperatures around 500 °C, radiative heat transfer
becomes dominant, resulting in a sharp increase in
heating intensity and enabling the baking time to be
reduced to 60 s.

4. Heating regime investigation

The oven operation was studied under a two-stage
heating process:

— Stage 1: rapid heating using a gas burner to reach
the target temperature;

— Stage 2: wood combustion under preheated
conditions.

Volume 20 Issue 2/2026



TexHonozis i 6e3nexa npodykmie xapuyearHs / Technology and safety of food products

The temperature regime was analyzed under
steady-state conditions at operating temperatures up to
500°C.

Temperature distribution analysis

Temperature fields within the baking chamber
were evaluated using a multi-point measurement system
based on K-type thermocouples. A total of three
koHTposbHI Touku (thermocouples) were installed in
representative zones of the chamber, as shown in Fig.6.

The measurement points were distributed as
follows:

— the upper zone of the dome (hot gas region),

— the mid-height wall region (recirculating flow
zone),

— the lower zone near the hearth (product-level
region).

This spatial arrangement allows capturing vertical
and circumferential temperature gradients within the
chamber.

The uniformity of heat distribution was assessed
based on spatial temperature variations between these
points under steady-state operating conditions.

Heating rate determination.

The heating rate was determined by measuring the
time required to reach the operating temperature from
ambient conditions.

7. Energy efficiency evaluation

Energy efficiency was assessed based on fuel
consumption and thermal performance indicators,
including heat retention, reduction of thermal losses,
and stability of the temperature regime.

_ Quseful
Qinput

where:

n — efficiency (thermal efficiency)

Q_useful — useful heat (output energy)

Q_input — input energy

Experimental validation

The performance of the developed oven was
experimentally verified under real operating conditions,
including pizza baking at temperatures up to 500°C. The
evaluation criteria included heating time, temperature
stability, and baking quality.

The studies were conducted in two stages:

sheating stage (0-30 min);

stemperature stabilization stage (30-60 min).

The applied methodology integrates principles of
thermodynamics, aerodynamics, and heat transfer,
ensuring reproducibility of the experimental procedure
and enabling further optimization of high-efficiency
baking systems.

To substantiate the claim regarding improved
energy efficiency, a comparative analysis of fuel
consumption and thermal performance of different oven
types was performed based on literature data.

Traditional wood-fired pizza ovens (Italian dome
furnaces) are characterized by significant heat losses
due to their open structure and limited control of
airflow, which affects overall energy efficiency [14].
These systems require continuous fuel input to maintain
high baking temperatures (450-500°C), particularly
under intensive operating conditions.

Explanation of Thermocouple Positions

(Red Circles)

The red circles indicate the locations of

thermocouples used for temperature field analysis

inside the oven chamber.

TC1 (Upper zone): located near the upper left part of

the dome to capture the high-temperature region of the

hot gas layer.

TC2 (Right wall zone): positioned at the mid-height

of the right side wall to monitor the temperature of the

cavity wall and recirculating gas.

TC3 (Lower zone): placed near the lower left part of

the chamber to evaluate the cooler region close to the

hearth and ensure uniformity of the temperature

distribution.

These measurement points provide
representative data for assessing the temperature
uniformity within the oven chamber and the
effectiveness of the thermoaerodynamic recirculation

system.
Sensor ID Location Position Purpose

TC1 Upper zone Upper left part of the dome Measure temperature in the upper hot gas layer;
(near item 17) evaluate maximum temperature.

TC2 Right wall Right side wall at mid-height Monitor wall and gas temperature on the right side;

zone (near item 14) assess recirculation effect.

TC3 Lower zone Lower left part of the chamber Measure lower temperature region near the hearth;

(near item 16) verify temperature uniformity.

Fig. 6. Explination of thermocouple
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In contrast, electric high-temperature pizza ovens
demonstrate more stable thermal control but often
require significant electrical energy input. As reported
in Thermal analysis of a high-temperature electric pizza
oven, energy consumption in electric systems may reach
6-10 kWh per hour under high-temperature baking
conditions, with lower radiative heat contribution
compared to wood-fired systems. [12].

The proposed integrated thermo-aerodynamic
recirculation method aims to reduce these inefficiencies
by enhancing heat flux density and improving internal
airflow dynamics. Based on experimental observations
and engineering estimates, the optimized system can
reduce fuel consumption to approximately 2.5-3.0 kg of
firewood per hour under continuous operation at 450—
500°C, corresponding to an estimated 0.03-0.04 kg of
fuel per pizza (2*35 cm diameter, ~60 s baking time).

This indicates a potential reduction in specific
energy consumption of approximately 20-30%
compared to other ovens, primarily due to improved
heat retention, recirculation of hot gases, and more
efficient utilization of radiative heat transfer.

Conclusion

A comprehensive analysis of the modern pizza
market, its trends and tendencies, as well as existing
technologies and methods in the designs of pizza ovens,
made it possible to substantiate the feasibility of
implementing a technological innovation in pizza
production - “Integrated method of thermo-
aerodynamic recirculation for high-efficiency ovens”.
Based on practical experience in doing business,
marketing research and the results of a scientific and
technical experiment (model oven design), the author of
the invention, R. V. Mironov, developed an improved
methodology for pizza production. The proposed
methodology integrates thermodynamics,
aerodynamics, and heat-transfer optimization within the
oven, significantly increasing production efficiency,
reducing operational costs, and meeting modern
consumer expectations. This methodology is registered

with the Ukrainian National Office of Intellectual
Property and Innovations (UKRNOIVI) under the title
“Integrated thermo-aerodynamic recirculation method
for high-efficiency ovens,” application number
u202601606.

An innovative hybrid wood-gas oven with a
double-dome structure and recuperative gap was
developed and experimentally evaluated, demonstrating
improved heat transfer and higher thermal efficiency
compared with conventional designs.

The wuse of stator-type vanes generated
counter-rotating vortex flows, which ensured uniform
temperature distribution within the baking chamber and
reduced thermal gradients across the floor and inner
dome.

The two-stage heating mode (gas pre-heating
followed by wood-fired pyrolysis) significantly reduced
the time required to reach high-temperature baking
conditions (450-500°C) and stabilized the thermal field
during operation.

Aerodynamic  chimney shutters effectively
minimized heat losses and prevented reverse draft,
contributing to stable oven performance under varying
external conditions.

Temperature measurements confirmed enhanced
energy efficiency due to heat recuperation and
optimized circulation of hot gases within the dome
system.

The obtained results demonstrate the feasibility of
achieving high-temperature baking within 60 seconds
without compromising product quality, confirming the
technological effectiveness of the proposed oven design
for food processing applications.

The implementation of the proposed method can
be adapted both for ovens with different dimensions of
the working chamber, and for modifications for
different types of products used in the restaurant
business. Thus, the innovation forms the basis for
increasing the productivity of production, reducing
operating costs and ensuring stable quality of finished
products.
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IH)KEHEpHOTO IMiAX0Ay. BcTaHOBJIEHO, IO 3aNpONOHOBaHA KOHCTPYKMLis 3a0e3medye IIBHAKMA BHXIiA Ha
temrnepatypy 500°C (20-30 xB), crabinbHicTs Temmneparypu £10°C Ta cKOpoUYeHHSs TPUBAIOCTI BUIIKAHHS TILlH 10
60 c. ExoHOMIYHHMII aHaji3 MiATBEP/PKYE MiJBHUIICHHS €HEproe(eKTHUBHOCTI Ta 3HIKEHHS BUTpAT NajuBa
MOPIBHSHO 3 TPaJUIIHHUMHU TiedaMu. Pe3ynbTaTH MiATBEpPKYIOTh JOLUIBHICTh BIPOBAKEHHS KOHCTPYKIIT y
pEeCTOPaHHOMY TOCIIOJIAPCTBI Ta MallMX BHPOOHMYMX ILiexaxX. TeMmmepaTypHHH peXuM Iedi BiANOBiJae BUMOTam
cranmapriB TSG «Traditional Speciality Guaranteedy mis BupoGHHIITBA il HA APOBaX. Y CTATTi 0OIPYHTOBAHO
€KOHOMI4HY e(eKTHBHICTh 3alpONOHOBAHOI IHHOBAlii Ta INPEACTABIEHI EKCIePUMEHTAILHO ITiATBEpKEeHI
pe3yIbTaTH, MO JEMOHCTPYIOTh IOIUIBHICTE Ta €(EKTUBHICT PO3pO0IIEHOT KOHCTPYKIIIT Iedi B peaTbHUX yMOBaX
eKCILTyaTarlii.

Karouosi c1oBa: iHHOBaIiitHa MOIETh TIeUi TSI BUIIKAHHS, TIOPUIHA ITiY AJIs BUITIKAHHS MM, IPOB’sTHA TiY;
mepeiavya TeIUIa; BHCOKOTEMIICPATYPHHH PpEXHM  BHIIKAHHSA; CHEpreTMuHa eQeKTHBHICTh, CEHCOPHI
XapaKTePUCTHKH; TIOBEIHKA CIIOKIBAYIB; IHHOBAII/HI XapuoBi TEXHOJIOTII; peMiCHUYA TIil[a; milla Ha JPOBax; Mmia
MIPEMiajIbHOTO CErMEHTY
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