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Abstract

This study was carried out to improve the performance of heat recovery device attached to exhaust
gas flue connected to combustion chamber of greenhouse heating system. Three different units were
prepared for the comparison of heat recovery performance; A-type is exactly the same with the typi-
cal one fabricated for previous study of analyzing heat recovery performance in greenhouse heating
system, other two types (B-type and C-type) modified from the control unit are different in the aspects
of airflow direction (U-turn airflow) and pipe arrangement. The results are summarized as follows;
1. In the case of Type-A, when considering the initial cost and current electricity fee required for sys-
tem operation, it was expected that one or two years at most would be enough to return the whole cost
invested. 2. Type-B and Type-C, basically different with Type-A in the aspect of airflow pattern, are
not sensitive to the change of blower capacity with higher than 25 m®- min™. Therefore, heat recovery
performance was not improved so significantly with the increment of blower capacity. This was
assumed to be that air flow resistance in high air capacity reduced the heat exchange rate as well.
Never the less, compared with control unit, resultant heat recovery rate of Type-B and Type-C was
improved by about 5% and 13%, respectively 3. Desirable blower capacity of these heat recovery
units experimented were expected to be about 25 m*+ min, and at the proper blower capacity, U-turn
airflow units showed better heat recovery performance than control unit. But, without regard to the
type of heat recovery unit, it was recommended that comprehensive consideration of system's physi-
cal factors such as pipe arrangement density, unit pipe length and pipe thickness, etc., was required
for the optimization of heat recovery system in the aspects of not only energy conservation but eco-
nomic system design.
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Fig. 1. Layout of heat exchanging component and thermocouple sensors.
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Table 1. Specification of heat recovery unit.

Items Unit A UnitB UnitC
Inner diameter of pipe (mm) 38 38 38 -l
Length of pipe (mm) 420 420 420 j
Number of pipe (EA) 32 32 40
Total heat transfer area of pipe (m?) 1.60 1.60  2.01 (c) Heat recovery unit C(section 2-2)

2
Surface area of heat exchanger (m%) 141 113 1.13 Fig. 2. Cross section of heat recovering device (unit : mm)
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Table 2. Airflow velocity and volumetric airflow rate.

Heat recovering unit A Heat recovering unit B Heat recovering unit C
Airflow =250 mm 0=250 mm $=250 mm
control airflow volumetric airflow volumetric airflow volumetric
voltage (V) velocity airflow rate velocity airflow rate velocity airflow rate
s (- 57 @ s (s s (- 57)
120V 4.70 0.2308 4.4 0.2161 4.9 0.2406
240V 9.10 0.4468 4.6 0.2259 53 0.2602
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— 300 Point 4
[&]
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g 200 Point 5 )
g 150 Wwwwmm«
'2 100 | Ambient dry-blub <
Point 2 <«— )
50 Ambient wet-blub *—j‘_\
0 : = N ; i : ;
18.223 18.378 18.534 18.689 18.845 19.000 19.156 19.311
: Time(h)
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Time(h)
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Fig. 3. Time dependent temperature variations according to flow control voltages.
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Table 3. Heat exchange performance of each heat recovery unit.
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Types Heat recovery unit A Heat recovery unit B Heat recovery unit C
Date (yearday.ime) 0028 OOBDS  OVARI OI4R1 OIS OUAD  OLAI0  OLA/I0
1542 1554 1912 1848 1854 19:02 036  0:54
Airflow control voltage (V) 120 240 120 240 120 240 120 240
LPG combustion rate (kg-h™) 168 159 072 072 073 073 102 096
(1) LPG combustion rate (kJ -h™') 77.937 73,762 33354 33354 33910 33910 47251 44472
Ty (°C) 39 315 160 176 226 219 135 135
T, (°C) 78 275 135 142 142 139 103 10.
T, (°C) 812 634 305 249 406 385 376 359
hy (k-7 14045 12402 5280 4727 5803 5581 5456 5233
hy kT 89.60 8831 3794 3978  39.66 3886 2997  29.50
Specific volume (m* - kg™ 0.1520 0264 083039 083509 084668 0.84463 0.82042 0.82017
213 Hlf?t) exchange rate Q1-2 27766 33948 14867 14427 16874 16317 25960 26,077
g‘;f‘(tl‘;e;(’lvggy off: bypipe (%) 356 460 446 433 498 481 549 586

* Ty : Ambient dry blub temperature, T,, : Ambient wet blub temperature, T, . Outlet temperature, h; : Qutlet enthalpy, b :

Inlet enthalpy
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