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Abstract

This research design and develop a split type wood vinegar distilling system. The kiln and the distillation
part of the system are designed to be separately part. The kiln made from 200 L steel tank connected to
distillation tank via a hot gas connected tube. The distillation part composed with a hot gas storage tank at the
bottom of the tank and connected to the distilling tube, which made from copper tubes, to relieve the hot gas.
To obtain the wood vinegar, the cooling water is used to flow around the distilling tubes in order to reduce the
hot gas temperature inside the tube to below the vapor condensing temperature. The Earleaf acacia wood is
used as the raw material in the experiment. The distilled wood vinegar has been collected and reported every
hour of 8 h. The hot gas temperature at inlet and outlet positions of the distilling tubes are also collected. The
system behavior has been analyzed based on the concept of heat transfer. The heat transfer coefficient of two
parts, hot gas storage tank and distilling tube, from the analyzing are used to estimate the heat transfer rate. A
result from testing found that the developed system can produce the distilled wood vinegar about 5,685 mL
within 8 h. Analysis of hot gas based on the inlet temperature of 100-400°C gave the heat transfer coefficient
between 8-14 W m™°C" and the effectiveness of 81-86 % with about 8 % error.
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A=Kiln
B=Stove Base
C=Stove Gate

D=Wood
E=Hot Gas Drain Lid
F=Hot Gas Connecting Tube

FAAAA

Wood

f

Cooling Water

G=Hot Gas Storage Tank

. H=Distillation Tank

P |=Distilling Tube

P J=Wood Vinegar Drain Tube
P K=Cooling Water Drain Tube
- L=Cooling Water Tank
M=Cooling Water Diffusing Plate
N=Cooling Water Tube
O=Pump

¢

P=Valve

Figure 1 Schematic of designed system.

Figure 2 Detail of hot gas storage tank.
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Figure 3 Heat transfer analysis of storage tank.
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Figure 4 Heat Transfer Analysis of Distilling Tube.
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Figure 9 Overall heat transfer coefficient.
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Figure 11 Heat transfer rate.
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Figure 12 Hot gas outlet temperature.
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Nomenclature

A Area (m?)

C Heat Capacity Rate (W K™)

o Specific Heat of Fluid (J kg™ K™
D Diameter (m)

Dn  Hydraulic Diameter (m)

g Gravitational Acceleration (m s)
h Heat Transfer Coefficient (W m? K™)
k Thermal Conductivity (W m™ K™)
Lc Characteristic Length (m)

L Length of Tube (m)

Mass Flow Rate (kg s™)

Number of Tubes

Z 3

Nu Nusselt Number
NTU
Q Heat Rate (W)

Pr Prandtl Number

Reynolds Number

Number of Transfer Units

Rayleigh Number
Temperature (K)
Overall Heat Transfer Coefficient (W m™? s™)

Volume Flow Rate (m’s™)

ST<<c 7327

Velocity (m s™)

Greek letters

B Coefficient of Volume Expansion (K")
p Density (kg m~)
% Kinematic Viscosity (m”s™)
u Dynamic Viscosity (kg m™ s™)
€ Effectiveness (%)
Subscripts
a Air
w Water
s Surface
Hot Gas
C Cross-Section

WV Wood Vinegar (Liquid)
D Diameter Based
L

Length Based

Superscripts

in Inlet
out Outlet
% Vapor Phase
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