Thai Society of Agricultural Engineering Journal Vol. 30 No. 2 (2024), 42-52

2158158U1ANIAINTTUNBATUAIULNA NG UNAIUIY

U4t 30 avud 2 (2567) 42-52
ISSN 1685-408X

Available online at www.tsae.asia

nsagaaunsaluaniUasuauiaunazuanu Ui lgd mun1sssmeuiavaIn1sa Ui
anlenalden
The development of a heat exchange system and heat source used for gas evaporation in

the whole longan drying
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Abstract
The development of heat exchanger equipment and a heat source for gas evaporation in the longan drying

process was achieved by a heat transfer with a copper helical heat exchanger that LPG flowed inside a tube. This
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method rapidly altered the stage of LPG from liquid to gas without heat exchange with the environment. Two
types of heat sources from a 6,000 W electrical heater and from a residual gas at the bottom of LPG tank were
applied to start a burner for heating water. The heat exchanger equipment was designed based on the capacity of
longan drying of 24,500 kg with a LPG consumption of 102 kg and 440 min drying time. This resulted in a LPG flow
rate of 0.00386 kg s that was used to determine a length of copper tube with 0.30 m, 26 coils and a diameter of
the copper coil (D) of 0.38 m. A water temperature of 50 °C was applied in the heat exchanger. The study found
that the evaporation of LPG was achieved by the heat exchanger equipment with both heat sources. They resulted
in uniform internal tank temperature (T, at four positions and were user-friendly for operation. Compared to the
original system with a gas cost of 3,735 baht (including the weight of the gas used and the residual gas in the tank),
the developed heat exchanger with two types of heat sources—a heater and a burner—reduces LPG fuel

consumption by 15.85% and 20.34%, respectively.

Keywords: Heat exchanger equipment, Copper coil, Longan drying
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Figure 1 Two types of heat sources for water used in

helical coil heat exchanger set.
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Figure 2 Design of copper helical coils for a heat

exchanger system.
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Figure 3 The process for whole longan dryingusing water

hot from electric heater.
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Figure 4 Workflow and conditions for a heat exchanger system.
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Table 1 Side of heat transfer coefficients. (ASHRAE, 1997)

description

Equation

Inside heat transfer coefficients;

Dittus and Boelter

Outside heat transfer coefficients;

Mcadams

where

Nu = 0.023ReD"°Pr"
n = 0.3 for refrigerant being cooled
n = 0.4 for refrigerant being heated
ho = 0.79F[he/(ND,AT,)]

Flz[(K3P2g)/u]1/4
L

D™ r(n-1)

3 3Bnsuazdunau
31 gUnsaldmsvineaumpivewuiauasii

3.1.1 lvulvesingamyiuia
Bonldinesludmiiaans M8 Type K fas11 10 m
wazaIuT08 U g annfild 0 8 400 °C ¥innsAnds
gamniniaduazesnvesudaid e 1uyng Unsal
uanidesuninufou uasiasssurngumgiiludeaunds

Wilenanleduiu 4 g

Figure 5 Thermocouple.
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Figure 8 Heat exchanger control system.
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Figure 9 Temperature and presure measurement

position in the drying oven of the new system.
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Figure 12 Temperatures in the drying oven of the

original system.
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Figure 13 Comparison of gas and water temperatures

using a heater.
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Figure 14 Comparison of inlet and outlet gas pressures

using a heater.
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Figure 15 Temperatures in the drying oven when using

a heater.
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Figure 17 Temperatures in the drying oven when using

a buner.
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Figure 18 Comparison of the average temperature in

the original, heater, and burner systems.
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