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TE: MPZEERRIAR 0.5 mm, T 25%.
Note: Ceramic particle diameter 0.5 mm, filling ratio 25%.
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Fig.1 Cross section arrangement and particles movement in
tube rotary dryer
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Note: Ceramic particle diameter 0.5mm, filling ratio 25%; Q, is total heat
quantity supplied by heat resource, W; Q, is heat transfer quantity by
convection and conduction, W; O, is heat transfer quantity by radiation, W; S,,
is the gap of neighbour particles, m; 0 is the gap of tube’s outside surface and
particles on the first layer, m; 7, is heat resource temperature, K; #,,; is tube’s
inside surface temperature, K; ¢, is tube’s outside surface temperature, K; #,, is
particles’ surface temperature on the first layer, K; ¢, is particles’ surface
temperature on the second layer, K; #, is particles’ centre temperature, K.
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Fig.2 Diagram of heat transfer between tube and particles
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Note: Ry is tube’s outside radius, m; 7, is particle’s radius, m; r is vertical
distance between M on the particle’s under surface and z-axis, m; ¢ is the
gap of tube’s outside surface and particles on the first layer, m; Qy is total heat
quantity supplied by heat resource, W; Q, is heat transfer quantity by
convection and conduction, W; O, is heat transfer quantity by radiation, W.
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Fig.3 Diagram of heat transfer between single particle and
tube surface
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Fig.4 Experimental system diagram
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Modeling for heat transfer coefficient in indirect-heating tube rotary
dryer

Wu Jing®?, Li Xuanyou®*, Chen Baoming®, Wang Ruixue?, Ma Xiaoxu®, Gao Ling®
(1. School of Energy and Power Engineering, Shandong University, Ji'nan 250061, China; 2. Shandong Tianli Drying Technology

Co. Ltd, Ji'nan 250101, China; 3. Industrial Energy Conservation Research Center of Shandong Academy of Sciences, Ji'nan
250103, China)

Abstract: Heat transfer coefficient is one of the most crucial parameters in thermal calculation and design for a tube
rotary dryer. The dimension, structure and operating parameters of a suitably designed dryer rely on the accuracy of
the employed heat transfer coefficient. Because of the existence of tubes, particles’ motion behavior and heat transfer
mechanism in a tube rotary dryer are more complicated than in a conventional rotary dryer. So far, there is no reliable
heat transfer model to describe the heat transfer process between the tubes’ surface and particles in a tube rotary dryer.
As a result, the main approach of heat transfer coefficient determination is still an experimental test. The main reason
is the insufficiency of understanding on the mechanism of heat transfer between heating tube’s surface and particles.
Our experimental investigation showed that heat transfer between tubes’ surface and particles obeyed different
mechanisms in different material cases of fine powder, grain and block. This paper aims at the material case of grain.
In this case, the main influence factor on heat transfer was the gas film on the surface of tubes. Based on the analysis
of heat transfer mechanism, this paper redeemed that heat transfer between tubes surface and particles consisted of
heat convection between tubes and gas film, heat conduction between gas film and particles, and, heat radiation
between tubes surface and particles. By experimenting on traces of particle layer expansion in the dryer, the
influence of particle on the gas boundary layer on tube surface was also investigated. Finally, a mathematical model
was carried out for the prediction of heat transfer coefficient between tubes surface and particles. In order to validate
the developed model, a series of experimental tests were performed. Ceramic spherical grains with a diameter of
2mm were used as testing particles. 6 heat transfer coefficients corresponding to 6 rotational speeds were carried out.
Comparison of the experimental results and predictions showed that the maximum relative error (em.x) was -12.14%,
while the minimum error (ey,;) was -9.78%. According to the engineering design experience, the model was able to
well meet engineering requirements, and offer guidance for drying process calculation. The results also showed that
the fraction of radiation heat transferred from tubes’ surface to particles was nearly as high as 8% of the total heat
transfer. While, in case of this experiment, the temperature of heating tubes’ surface was only in the range of
75~85°C. As a result, the heat radiation transferred to particles should be taken into consideration of the model,
because in practice, the tubes’ surface temperature can be at a relative high level (generally 150-300°C). The error
analysis showed that, disregarded insufficient study of the thickness determination of gas boundary layer on the tube
surface, the model still brought a fixed error at a level of about 10%. However, as our investigation went on, more
understanding on performances of boundary layer and motion behavior of particles and gas media were to be
obtained and, a more accurate heat transfer coefficient model for tube rotary dryer would be hopefully carried out.
Key words: drying, heat transfer, models indirect heating, tube rotary dryer
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