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Abstract

This research was designed to test a black galingale dryer working together with a CLOHP/CV heat exchanger. The
dimensions of the drying chamber were 0.6°1.0°1.0 m. The heat exchanger in this study was a closed-loop oscillating
heat pipe with check valves (CLOHP/CV) using ethanol and water as the working fluids with a filling ratio of 50% (by
total volume of tube). The CLOHP/CV was made of a copper tube with an inner diameter of 2.03 mm. The evaporator,
adiabatic and condenser lengths were equal to 200, 100 and 200 mm. The number of turns was 50. The experimental
results showed that the moisture content of the black galingale decreased from 143 % (wb) to 2.88% (wb). In addition,
the type of working fluid affected the drying time. It was found that the fuel quantity, drying time, heat transfer rate
and effectiveness of using ethanol and water as the working fluids were (13.5 kg and 25 kg), (6.30 hr and 10.30 hr),
(1851.93 watt and 1078.71 watt) and (0.48 and 0.31) respectively, In conclusion, development of a black galingale
dryer using by biomass working together with a heat exchanger was found to be technically suitable for drying black

galingale and could reduce energy costs.
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Introduction
Black galingale is a Thai herb used to cure diseases such
as dysentery, heart trouble, and diabetes. Black galingale
can also cure aches and pains and helps in discharging
urine. Moreover, black galingale is a carminative and
increases sexual performance. The parts of the black
galingale that are used include the leaves, roots and
trunk'. Due to its curative abilities, it would be advanta-
geous to keep black galingale for long periods of time so
it could be used anytime.

Drying is a dehumidification process of a prod-
uct using heat transfer. Drying can maintain a product
for a long time, which ultimately increases its value.

The normal energy used for drying is electrical energy,

oil and fuel gas. These energy types are wasteful and
expensive. Recently, biomass was used as the energy
in a drying process. J. Prasad and V.K. Vijay® studied a
solar-biomass hybrid drier for use with Zingiberofficinale,
Curcuma longa I. and Tinosporacordifolia as experimental
products. It was found that an initial moisture content of
319.74 %db for their fresh product was dried to a final
moisture content of 11.8 %db within 33 hrs. The time for
drying with a solar dryer was decreased from 72 - 120
hrs. to 33 - 48 hrs when a solar-biomass hybrid drier
was used. M. Mohanrajand P. Chandrasekar’ studied the
drying of copra in a forced convection solar drier. It was
found that drying copra in the drier reduced its moisture
content from about 51.8% to 7.8% and 9.7% in 82h for
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trays located at the bottom and top of the drier, respec-
tively. M.A. Hossain and B.K. Bala* studied the drying of
hot chili using a solar tunnel drier. It was found that the
moisture content of the red chili was reduced from 2.85
to 0.05 kgH20 kg' (db) in 20 h in a solar tunnel drier,
and it took 32 h to reduce the moisture content to 0.09
and 0.40 kgH20kg'(db) in improved and conventional
sun drying methods, respectively.

A heat pipe is a simple heat exchanger used for
heat transfer from a temperature difference between two
sources. There are many types of heat pipes. An oscillating
heat pipe (OHP) is one type. Normally, an OHP is made
from a capillary tube. There are three types of OHPs:
closed end oscillating heat pipe (CEOHP), closed-loop
oscillating heat pipe (CLOHP) and closed-loop oscillat-
ing heat pipe with check valves (CLOHP/CV). The OHP
has three sections: evaporator, adiabatic and condenser.
The oscillating heat pipe with check valve (CLOHP/CV) is
widely accepted as the most efficient heat transfer device
for high heat loads. It can transfer the heat by itself using
the latent heat of the working fluid in the tubes as stated

by Akachi et al.® and shown in figure 1.
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Figure 1 Type of oscillating heat pipe:

(a) Close-end oscillating heat pipe (CEOHP),

(b) Close-loop oscillating heat pipe (CLOHP)and

(c) Close-loop oscillating heat pipe with

Check valves (CLOHP/CV).

Pipatpaiboon et al.’ studied the effect of inclina-
tion angle working fluid and number of check vales on
the characteristics of heat transfer in a CLOHP/CV. It
was found that the CHOHP/CV equipped with two check
valves had the highest heat transfer. In the application
of a closed-loop oscillating heat-pipe with check valves
(CLOHP/CV), the heat exchanger for the air-preheater

is able to use its waste heat in the drying process.
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Rittidechet al.” studied the heat transfer characteristics of
a CLOHP/CV. Rittidech et al.® studied the CEOHP air-pre-
heater for energy thrift in the dryer. From the experimental
results, it was found that thermal effectiveness increases,
and the CEOHP air-preheater achieves energy thrift.
Meena et al.’ studied the application of CLOHP/CV for
reducing air humidity in the drying process. It was found
that a CLOHP/CV can reduce air humidity during these
processes. It has been confirmed that the CLOHP/CV heat
exchanger is the most efficient heat transfer device. The
heat transfers by itself with the latent heat of the working
fluid in the tubes. It also serves as a heat exchanger in
the dehumidification process of a product by using heat
transfer for dehumidification. This research examines the
possibility of drying black galingale using biomass working

together with a CLOHP/CV heat exchanger.

Experimental setup and procedure

CLOHP/CV heat exchanger

A CLOHP/CV was made from a copper capillary
tube with an inner diameter of 5 mm. The ratio of the
number of check valves to number of turns was 0.2. The
working fluids in this case were water and ethanol with a
filling ratio of 50% of total volume of the tube. As shown
in figure 2, the length of the evaporator, adiabatic and
condenser sections were 20, 5 and 10 cm respectively.
Moreover, the CLOHP/CV was set up with a biomass

tank as shown in figure 3.

Waste hot air ——»

Condenser —» NNNNMN

—>
Adiabatic

Evaporator

Figure 2 CLOHP/CV part 1 set up of waste hot air

pipe from drying chamber.
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Figure 3 CLOHP/CV part 2 set up of biomass tank.

Drying chamber

The dimensions of the drying chamber were 60
x 100 x 100 cm. The inside of the drying chamber was
divided into 4 layers. The distance between each layer
was 25 cm and the dimensions of each layer were 53 *
57 cm. The waste hot air from the drying process was
released at the top of the drying chamber as shown in

figure 4.

Figure 4 Drying chamber.
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Biomass burning chamber

The biomass burning chamber was made from a
30 liter drum as shown in figure 5. The waste hot air from
the biomass burning chamber was passed into a 50 liter
tank and the CLOHP/CV was set up for heat transfer. A
smaller tank was inserted into the 50 liter tank and the
clean hot air for the drying process was product in this

part.

Figure 5 Biomass burning chamber.

Black galingale dryer using biomass working
together with a CLOHP/CV heat exchanger

The black galingale dryer using biomass working
together with a heat exchanger consist of the CLOHP/
CV heat exchanger in two parts; the drying chamber and
biomass burning chamber as shown in figure 6.
Data analysis

The data was used to calculate the heat transfer
of the test CLOHP/CV using the calorific method. The
moisture content of the black galingale was measured at
the start and end of each run of the hot air oven method
using about 10g samples of finely minced black galingale
at 103 °C for 18 h and dried to a constant weight for 4 h at
125 °C. It was found that the initial moisture content was
about 143% (wb) to 2.88% (wb). The wet basic moisture

content (Mw) was calculated by:

M,, = [(w-d)/w] x100 (1)

Where,
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MW is the wet basic moisture content,
w is the initial weight and

d is the dry product weight.
The effectiveness of the heat exchanger comparing the

rate of heat transfer with a heating disposable up of the

exchanger of heat can be written as follows:
Q=mc,(T,,~T,) 2)

Qact

g == @3)

Qmax

Where

Qmax = Cmin (Thi - Tco) 4)

And

0..=C\(T,-T,) (5)
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Figure 6 The black galingale dryer by Biomass work together with heat exchanger.

Results and discussion

The air temperature for the experimental period
was 60 °C, and the hot air flow rate was 0.5 m/s. The
working fluids were water and ethanol. The black galingale
was cut into slices of 2 mm thickness.

Figure 7 shows the relation between the moisture
content ratios and drying time with different working fluids.
It was found that the black galingale drying time process
with the CLOGP/CV heat exchanger and ethanol as work-
ing fluid was less than the CLOHP/CV heat exchanger
with water as the working fluid. The drying time of the
CLOHP/CV heat exchanger with ethanol as the working
fluid was 6.30 hr and for the CLOHP/CV heat exchanger

with water as the working fluid it was 10.30 hrs.
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Figure 7 Relationship between moisture content ratio

over drying time.
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Figure 8 shows the drying rates over drying
time. The drying rate using the CLOHP/CV heat ex-
changer with ethanol as the working fluid was better than

using the CLOHP/CV heat exchanger with water as the

working fluid.
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Figure 8 Relationship between the drying rate and time

for drying process.

Fig. 9 shows the relationship between the fuel
quantities and drying time. It can be seen that the initial
drying used a lot of fuel while trying to heat the ambient
air to 60 °C. It was found that the initial fuel quantity for
air heating using the CLOHP/CV heat exchanger with
ethanol and water as the working fluids were 3 and 2
kilograms respectively. The overall fuel quantities for the
drying process using the CLOHP/CV heat exchanger
with ethanol and water as the working fluids were 13.5
and 25 kilograms respectively. The drying time using the
CLOHP/CV heat exchanger with ethanol as the working
fluid (drying time was 6.30 hrs.) was less than the drying
time using the CLOHP/CV heat exchanger with water as
the working fluid (drying time 10.30 hrs).
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Figure 9 Relationship between fuel quantities and dry-

ing time.

Effect of working fluid on heat transfer rate

Figure 10 shows the relationship between the
heat transfer rate and the working fluids in the CLOHP/
CV. In the CLOHP/CV part 1, it was found that the highest
heat transfer rate, when using ethanol as the working fluid
in the CLOHP/CV was 1,851.93 watts. In the CLOHP/CV
part 2, it was found that the highest heat transfer rate
when using ethanol as the working fluid in the CLOHP/
CV, was 1,532.84 watt.
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Figure 10 Relationship between heat transfer rate and
working fluids in the CLOHP/CV.
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Effect of working fluid on effectiveness

Figure 11 shows the relationship between the
effectiveness and working fluids in the CLOHP/CV. In the
CLOHP/CV part 1, it was found that the highest effective-
ness of 0.48 was when ethanol was used as the working
fluid in the CLOHP/CV. In the CLOHP/CV part2, it was
found that the highest effectiveness of 0.32 was when

ethanol was used as the working fluid in the CLOHP/CV.
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Figure 11 Relationship between effectiveness and work-
ing fluids in the CLOHP/CV.

Conclusion

The black galingale dryer using biomass working together
with a heat exchanger can save fuel by using a CLOHP/
CV as the heat exchanger. The waste hot air from the
biomass process was a source of heat for evaporation
in the CLOHP/CV. The quality of the fuel for the dry-
ing process using the CLOHP/CV heat exchanger with
ethanol as the working fluid was better than using the
CLOHP/CV heat exchanger with water as the working
fluid. Moreover, the drying time using CLOHP/CV heat
exchanger with ethanol as the working fluid was less than
when using the CLOHP/CV heat exchanger with water

as the working fluid.

J Sci Technol MSU

For the effect of the working fluid on the heat
transfer rate and effectiveness, it was found that the
CLOHP/CV heat exchanger using ethanol as a working
fluid was better than when water was used as the work-
ing fluids because the latent heat of the ethanol was the
lowest in this experiment. Hence, the moisture content of
the black galingale decreased from 143% (db) to 0.28%
(db). The fuel quantities, drying time, heat transfer rate
and effectiveness, when using ethanol as the working
fluid in the CLOHP/CV heat exchanger, were the highest
(13.5 kg, 6.30 hrs, 1,851.93 watt and 0.48 respectively).
In conclusion, development of a black galingale dryer
using biomass working together with a heat exchanger
was found to be technically suitable for the drying of black

galingale and achieving energy thrift.
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Nomenclature

m = Mass per unit time
C, = Specific heat capacity, constant pressure
T = Qutlet temperature at condenser section
out
T = Inlet temperature at condenser section
in

Effectiveness

" Wet basis moisture content

€
Qex, = Experiment heat transfer rate
M
w

initial weight, kg

d = product weight, kg
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