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Research on Flow and Heating Efficiency Inside Steam Oven
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Abstract ; In order to solve the problem of the uneven temperature in forced convection oven caused by quantities of the
medium and structures of oven, a novel oven using superheated steam (high enthalpy of superheated steam is helpful for
protein modification) as heat transfer medium was proposed and three optimization schemes were put forward. Based on
the distributions of temperature and velocity in traditional oven, two structural optimizations of adding a bottom-heating
plate and a back-heating ring were proposed, as well as a process optimization of increasing the inlet velocity of
superheated steam. The models before and after optimization were simulated and its accuracy was experimentally
verified. The results show that with the addition of a bottom-heating plate, the temperature variance and average of
temperature at the sample points are improved by 22.4% and 2. 9% respectively; after adding the back-heating ring,
the average of temperature increases by 3. 5% , while the uniformity decreases; with the increase of inlet velocity of
superheated steam, the uniformity of temperature increases by 46.4% , while the average decreases. The novel oven
provides a new orientation for the optimization of traditional forced convection oven.

Keywords : oven ; superheated steam ; temperature distribution ; flow simulation; CFD ( Computational Fluid Dynamics )
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Figure 1

Simplified diagram of oven model
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Figure 2 Mesh of simplified model
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Table 1  Grid-independence verification
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Figure 3  Position of measured

points in experiment
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Figure 4 Calibration of thermometer with

ice-water mixture method
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Figure 5 Position of measured points in simulation
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Table 3 Comparison of experimental and

simulated temperatures

KA BEl/C Sk C FEXTERZE/ %
1 184.20 179.10 2.80
2 205. 00 177.30 15.60
3 179.40 177.20 1.20
4 176.60 174.00 1.50
5 170.40 173.60 1.80
6 153.60 174.40 11.90
7 181.80 177.10 2.70
8 199.20 178.30 11.70
9 177.60 183.60 3.30

SR 180. 87 177.18 5.85
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Figure 6 Flow field distribution of initial model
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Figure 7 Temperature distribution of initial model
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Figure 8 Model of bottom heating plate
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Figure 10  Optimization model of back-heating ring
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Figure 11 Temperature distribution of

model with back-heating ring
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Figure 12 Comparison of streamline distribution

and pressure distribution at X =0 m
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Table 4 Average temperature and variance of

sample points before and after optimization
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Figure 13 Temperature distribution of model with

increased inlet steam velocity
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