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Modeling of Heat Transfer Characteristics in Stir-frying Processes

Manabu WATANABE T, Tomowo MIHORI and Noboru SAKAI

Department of Food Science and Technology, Tokyo University of Marine Science and Technology
4-5-7, Konan, Minato-ku, Tokyo 108-8477, Japan

Though many kinds of machineries are needed for the automated food processing, the designing
method for food machineries is not well developed. This is due to the complexity of the heat transfer
characteristics in foodstuff, and the stir-frying process is the most complicated one that includes
simultaneous heat and material transfer. In this article, heat transfer mechanism in stir-frying process
is studied in detail. Temperature distribution in static bulk of sprouts is measured and the obtained
data reveal the fact that the temperature hardly rise in the pieces that do not touch the heating surface.
This fact notice us the stirring operation has an extremely important roll even in heat transfer since it
substitute the thermal diffusion by its material dispersion. On the basis of these disclosures, thermal
characteristics of a static bulk is estimated by introducing 2 parameters; one-layer thickness and
fraction of contacting pieces. In addition, thermal diffusion due to stirring operation is modeled by
introducing the parameter named stirring frequency. These enabled to establish the calculation method
that can predict the temperature rise in stir-fried bulk. From one of calculation results, heat transfer

coefficient between bulk and heating surface is estimated as 155 W/ m’K.
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Fig.1 Heat balance for the bulk

Table 1 Thermal phenomena concerning to stir-frying process

Location

What occurs in the location

Inner surface of a pan

Inside of the bulk

Surface of the bulk

Conductive heat transfer due to pan-to-piece contact
Convective heat transfer between air (or vapor) and pan
Irradiation between pieces and pan

Conductive heat transfer due to piece-to-piece contact
Convective heat transfer between air (or vapor) and pieces
Evaporation of water contained in pieces

Condensation at the surface of pieces

Moving of pieces due to stirring

Convective heat transfer between pieces and ambient air

Vapor dissipation to ambient air
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Fig.2 One-dimentional heat transfer model
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Table 2 Properties used in this estimation

2 [W/mK] p [kg/m’] ¢ [J/kgK]
Water 0.6569 979.48 4188
Air 0.029 1.024 1009
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Fig.3 A photograph of assembled heating unit
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Fig.9 Calculated temperature history in the bottom layer
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Fig.11 Calculation results
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: Time constant for temperature change [sec]
- Heat conductance [W/K]

: Bulk height [m]

- Number of pieces included in a bulk
: Transferred heat amount [J]

: Area [m2]

: Temperature [C ]

: Volume [m3]

: Thermal diffusivity [m2/ sec]

: Number of stirring

: Frequency of stirring [Hz]

: Time [sec]

. Heat transfer coefficient [W/m’K]

: Mass [kg]

: Number of pieces included in a layer
. Specific heat capacity [J/kgK]

: Heat flux [kW/m2]

: Vertical position [mm], [m]

S X 3 S N~

ENJEN

: Mass fraction of air

[SZR

: Thickness of a layer [m]
: Porosity
: Parameter used in a correlation for effective

S o

heat conductivity of packed column
. Latent heat of vaporization [J/kg]
: Fraction of pieces touching the heating surface
: Heat conductivity [W/mK]
: Density [kg/ms]

T3 R
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Subscripts
s : Solid, g : Gas, M : Mixture, P : Heating
plate, B : Bulk, a:Ambient, ini: Initial state,
C: Contact, N : Non-contact, H : Heater, Ev:
Evaporation
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