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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Fried glutinous rice cracker or Khaotan is one of the important traditional snacks for local Thai economy. When there is no sunlight, a 
dryer is usually employed in moisture removal process of Khaotan products. A traditional dryer is essentially a drying cabinet with 
multidirectional flow of hot flue gas from liquefied petroleum gas burner. In this work, an improved design using biomass energy 
with recirculation of unidirectional airflow inside the drying cabinet was developed. For this improved design of Khaotan dryer, 
airflow distribution was crucial in providing uniform drying condition and ensuring that all rice crackers were uniformly dried. 
Numerical simulation based on solving Navier-Stokes equations was carried out to predict airflows in the improved dryer. Swing 
panel was used to vary the direction of bulk air flow. Effects of swing angle (30, 45, and 60°) and air velocity (0.5, 1, 1.5 m/s) 
were investigated. Good airflow distributions without dead zone can be obtained from the simulation and implemented in 
experimental runs. Flow trajectories in the drying cabinet were found to give good agreement between prediction and 
experiments. With improved design and installation of swing panel, the times used to reduce the Khaotan moisture content to 
10% dry basis and the operating cost in this process were reduced, hence, better energy efficiency. 
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1. Introduction 

Fried glutinous rice cracker or “Khaotan” is a traditional snack of local Thai communities. It is made from 
steamed glutinous rice mixed with flavoring agents such as watermelon juice, butter etc. Mixed rice then is molded 
into shapes (round, rectangle, or oval) at different sizes. Drying is the next process to reduce moisture of Khaotan. It 
is widely known that 10% remaining moisture content is the best product quality [1].  Finally, dried Khaotan is fried 
in palm oil and finished with sugar cane syrup or cereal covering. From the production steps, the most important 
process is drying. Method of drying affects final products, shelf life and quality. Solar energy is traditionally used in 
this process because it has low operating cost. However, it is necessary to use hot air dryer when there is no sunlight 
and during rainy season. Commercially available dryer used by traditional manufactures is a hot air dryer using 
liquefied petroleum gas (LPG) as fuel. Quality in terms of shrinkage ratio, expansion ratio, color, hardness, and 
crispness) of dried Khaotan from this type of dryer is normally worse than those from direct solar drying [2]. This 
may be due to flue gas from burning of LPG used for direct heating in the dryer. Another disadvantage of this dryer 
is high production costs. Hot air dryer using biomass as fuel is interesting for these problems. 

Fig. 1 shows the biomass fired, hot air dryer developed by Chiang Mai University and the Khaotan loading truck. 
The dryer consists of two parts. The first part is heat generation from combustion of woody biomass in a furnace. 
The heat from flue gas and the furnace is exchanged with clean air inside the dryer via a tube bundle heat exchanger. 
The wall is made from galvanized iron sheets with thick foam insulation. The second part is hot air circulation 
driven by an axial fan. Initially, the developed dryer showed low performance with respect to air flow distribution, 
because there were dead zones or areas of low flows inside the drying cabinet. Dead zone areas had very low drying 
efficiency. Higher moisture released can be achieved at higher air velocity, resulting in faster drying time [3]. To 
improve the design of current Khaotan dryer, airflow distribution is crucial in providing uniform drying condition 
and ensuring that all rice crackers are uniformly dried. In this work, numerical analysis of flows inside the drying 
cabinet was carried out. Swing panel was installed to investigate the effect of swing angle and air velocity. 

2. Methodology 

2.1. Design of Swing Panel 

The swing panel was designed to control the air flow trajectories inside the drying cabinet. The designed panel is 
shown in Fig. 2. The details of the size are; at lower part, a net width of 65 cm, and at upper part, a net width of 100 
cm, and net height of 1.7 m. The panel was installed near the heat exchanger and beside the furnace.  
 

 

Fig. 1. Schematic of hot air dryer using biomass fuel. 
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Fig. 2. Positions of air velocity measurement (measured by anemometer) inside the drying cabinet. 

2.2. Numerical Simulation 

Computational fluid dynamics (CFD) was used to simulate the airflow distribution under different cases of swing 
angles and air velocities using SolidWorks software. Finite element method is used in CFD and is based on solving 
the governing Navier-Stokes equations together with the continuity equation comprised a closed set of equations. 
The solutions provide a valid description of laminar and turbulent flows [4-8] in single cell and then transfer results 
into neighboring cells [5, 6]. The k-ε model is used for the turbulent flow calculation [6-8].  

The numerical simulation was carried out on the base of three-dimensional modeling of the hot air dryer 
generated in SolidWorks software. The dimensions of the dryer are 6 m in width and 4 m long and 1.8 m high. The 
Khaotan loading truck is used commercially which can load up to 7 units inside the drying cabinet. For the geometry 
of drying cabinet, approximately 60,000 computational grid cells were used. The geometry and grid were generated 
and the initial case was set up. The calculation was run until convergence. To ensure accurate simulation results, a 
grid independent solution was checked. The grid solution value that was independent was chosen for further 
analysis. Effect of swing angle (30, 45, and 60°) was investigated. Boundary conditions were specified as follows. 
The source of the air velocity was axial fan, which had similar size with the actual fan to give the same characteristic 
airflow. Air velocity was varied for 0.5, 1, 1.5 m/s, set using average value in front of the heat exchanger (9 
positions pointed by uniform distribution). The dryer walls were assumed to be adiabatic because it was made from 
thick foam insulation and considered as close volume.  

2.3 Experimentation  

Air flow measurements were carried out experimentally. Loading trucks at maximum capacity of 7 units was 
placed inside the drying cabinet. Air velocity was measured by digital anemometer model GM8901 BENETECH 
with accuracy ±3% ±0.1 dgts. Air velocity in m/s was collected. There were 63 positions of measurement, uniformly 
distributed inside the drying cabinet, shown in Fig. 2. These coordinates of velocity measurement were used to 
compare with prediction of the air velocity from CFD simulation. The initial air velocity (0.5, 1, 1.5 m/s) was set 
similar with simulation (at 9 positions). The experimental data of 63 positions of no swing panel was collected. The 
data was compared with predictive values to improve solution parameter or the grid in SolidWorks software. 
Acceptable conditions were used to predict the varying swing panel angles. Similarly, the panel was constructed and 
installed in the drying cabinet for test according to simulation. 
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