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Heat Recovery Characteristics of the Hot Water Supply
System with Exhaust Heat Recovery Unit Attached to the
Hot Air Heater for Plant Bed Heating in the Greenhouse
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SUMMARY

Hot air heater with light oil burner is the most common heater for greenhouse heating in the winter
season in Korea. However, since the thermal efficiency of the heater is about 80~ 85%. considerable unused
heat amount in the form of exhaust pas heat discharges to atmosphere. In order to capture this exhaust heat
a heat recovery system for plant bed heating in the greenhouse was built and tested in the hot air heating
system of greenhouse. The heat recovery system is made for plant bed or soil heating in the greenhouse.
The system consisted of a heat exchanger made of copper pipes, @12.7x0.7t located in the rectangular
column of 330x330%900mm, a water circulation pump, circulation plastic pipe and a water tank. The total
heat exchanger area is 1.5m’. calculated considering the heat exchange amount between flue gas and water
circulated in the copper pipes. The system was attached to the exhaust gas path. The heat recovery system
was designed as to even recapture the latent heat of flue gas when exposing to low temperature water in
the heat exchanger. According to the performance test it could recover 45,200 to ‘51,000kJ/hr depending on
the water circulation rates of 330 to 690 ¢ /hr from the waste heat discharged. The exhaust gas temperature
left the heat exchanger dropped to 100°C from 270°C by the heat exchange between the water and the flue
gas, while water gained the difference and temperature increased to 38°C from 21°C at the water flow rate
of 690 ¢ /hr. By the feasibility test conducted in the greenhouse. the system did not encounter any difficulty
in operations. And, the system could recover 220,235kJ of exhaust gas heat in a day, which is equivalent of
34% of the fuel consumption by the water boiler for plant bed heating of 0.2ha in the greenhouse.
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q = mucp(4Tw)
Q= UA LTy woovrrrereremmemmenmsnnenien e )
m, : mass flow rate of water in the heat

exchanger, kg/hr
cpw : specific heat of water, kl/kg - K
AT, : temperature gained by water in the heat
exchanger, K

U : total heat transfer coefficient, ki/m’ - hr K
A : total heat transfer area, m’
ATm : logarithmic mean temperature difference, K
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Table 1 Major components of the exhaust heat recovery system for plant bed heating

Major components

Specifications Remarks

size

330 > 330920 stainless steel

Heat exchanger l»

heat transfer pipes 12.7 0.9t  2rows x 16steps copper
crayater pump 220380V, 0.5kW
) burner shinhung SHG-30G, 3.75gals
per combustion chamber ©700> L1440 < 2.5¢ | 130,000 keal/hr
heat transfer pipes @ 75> 11440 X 1.5, 2steps
ALGHE 27 A8 deg dugrnazsd 22
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Fig. 1 Overview of the heat exchanger

used in this experiment.
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Fig. 2 System diagram of underground bed heating using discharged exhaust
heat hot air heater.
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Fig. 3 Measuring points of temperatures and exhaust gas in the test set-up.
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Fig. 4 Water temperatures variation with
the water flow rate in the heat
exchanger.

&0
54,000 [
y =-0.0002¢ +46.T74x + 33181
2,000 R=09067 %

g 50,000 — 50"3’j

o s

g o g

S ®ow ~. o

- Sl K

g 44,000 \‘w\ s

T s Heat gained * -

. y = 3E-05¢ - 00045 + 56.947
42,000 V\mm 2=09%0
40,000 20

00 30 400 45 500 S50 S0 60 70 750
Flow rate( ¢ /h)

Fig. 5 Relationship between heat gain and
hot water temperatures in the heat
exchanger used in this experiment.

Table 2 Comparison of exhaust gas che-
mical combounds between the
two cases or/and without heat
exchanger in the hot air heater

Flue gas | O, | CO, | CO

temp. Air ratio

(T) (%) | (%) | (ppm)
With heat| 35 | 34 1129 10 | 118
exchanger
Without
heat 270 35 | 128 9 1.2
exchanger
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Fig. 6 Temperature variation of the green-
house air and the fluid in the heat
exchanger with the time.
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Fig. 7 Temperatures variation out the diffe-
rent positions of the exhaust gas-
water heater recovery system dur-
ing one day operation of the hot air
heater.
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