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ABSTRACT

Research and development for alternatives to fossil fuels such as coal and petroleum have progressed considerably worldwide.
Among clean fuels, bio-diesel has been a representative fuel and it was used for the following advantages; renewable, ready
to use with low fine dust emission and non-toxicity. But it is expensive and cause strain on local resources. In our study, to
resolve these issues, we developed two types of heating systems by direct input of waste cooking oil, and the heating system
was optimized through mechanical design and design process. In addition, we conducted an environmental test to evaluate the
reliability and environmental characteristics of the developed device. Firstly, through the design modification of heat
recirculation system, more efficient combustion for the complete combustion of bio-fuel(waste cooking oil), was possible. As
for the heating system, two products (tube heating system, agricultural hot air blower) were optimized for management
convenience, space utilization, and efficiency improvement by 6-step design. From the environmental test result, the combustion
efficiency of the heating system was up to 99%, the average oxygen concentration was 8.3%, and the CO concentration was

7.9 ppm for a stable combustion, NOx was up to 67 ppm, and SOx was not detected.
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Table 1 Enthalpy for combustion gas

Combustion gas | AH(kJ/mol) AH (kc(acligl_: f (;ac; c;)m ponent

CO -110.5 -110.5/(4.18*12) = -2.203
CO, -393.5 -393.5/(4.18*%12) = -7.845

H,O(l) -285.8 -285.8/(4.18*2) = -34.187

H,0O(g) -241.8 -241.8/(4.18*2) = -28.923
NO 90.25 90.25/(4.18%14) = 1.542
NO;, 33.18 33.18/(4.18*14) = 0.567
SO, -296.84 -296.84/(4.18*32 = -2.219
(0)) 0 0/(4.18*16) = 0
w 44 44/(4.18*18) = 0.585
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Fig. 6 Fuel supply device
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Table 2 Specifications of the hot air blower

Content Specification
Power AC 220v
size L*W*H(700*1490*810mm)
Fan volume 192 m*h
Fan pressure 65 mmAq
cooling Fan volume 17 m’/min
cooling Fan pressure 17 mmHO
capacity 19,789 Kcal’h
Fuel consumption 2.15 L/h
ignition method Sin heating ignition
SHEFMIIHES ==& M26d, M5, 2023

(b

Fig. 10 The process of the initial model (a) and final model
(b) of the hot air blower

Forced draft fan Combustion tube
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Burner draft fan
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Burner Fuel pump

Fig. 11 Structural segmentation for hot air blower
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Fig. 13 Final design and production of prototype

bio—agricultural hot air blower
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Table 3 Component of wast cooking oil and other fuel

Waste
cooking Oil Other Fuel
Contents | Unit
Ref This | Bituminous | B-C Lamp
| Study | coal oil | oil
Water 0.11 0.05 20 0.05 0.1
VM 99.87 | 99.87 40 - -
Ash 0.02 0.02 12 0.2 0.02
Fixed
- 0.01 40 - 0.15
Carbon
0,
C & 77.02 | 76.86 71.9 87.04 852
H 11.78 | 11.37 45 12.63 14.0
(0} 11.19 | 11.36 7.81 0.35 -
N 0.16 0.18 1.69 0.08 -
S 0.04 0.03 0.3 0254 | <05
Viscosity cp 40.77 | 399 - 8.7 14
Density | kg/m® | 87227 | - - 920 -
Flash 27 1 o440 ; 40 40
point ~315
P B
our 15 - ; s | s
point
9,900
HHV 9,191 | 9,391" | 5,100 ~ f’97ggo
10,683 ’
keal/kg
9,500 2500
LHV 8,710 | 8,774 4,800 ~ ’9 000
10,051 ’
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