TRk OMEEO 3t MR
—UFH S AR dhike) ste] -

Study on the Exhaust Heat Recovery Equipment
in a Factory

—On the Performance of a U-shape Multitube Heat Exchanger —
& & dE*-R g Bt
Kim, Yung Bok - Song, Hyun Kap

Summary

U shape multitube heat exchanger was equipped in the flue to recover the exhaust heat from the

boiler system. The fluids of the exhaust heat recovery equipment were the flue gas as the hot fluid, and

the water as the cold fluid. The flow geometry of the fluids was cross flow - two pass, the hot fluid

being-mixed and the cold fluid unmixed.

The results of the theoretical and the .experimental analysis and the economic evaluation are sum-

marized as follows.

D
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3

4)

5)

6)

The heat exchanger effectiveness and the temperature efficiency of the hot fluid were about 35%
when the fuel consumption rate was 140 - 150 L/15min. The temperature efficiency for the cold
fluid ranged from 3.0% to 4.5%. The insulation efficiency ranged from 85% to 98%, which was
better than the KS air preheater insulation efficiency of 90%.

The relationship between the fuel consumption rate, F, and the outlet temperature, Ty, of the
flue gas from the heat exchanger was T}, = 0.927F + 110. In order to prevent the low temperature
corrosion from the coagulation of SOz, it is necessary to maintain the fuel consumption rate above
82 L/15min.

The ratio of the exhaust heat from the boiler system to the total energy consumption was about
14.5%. With the installation of the exhaust heat recovery equipment, the energy recovery ratio
to the exhaust heat was about 25%. Accordingly, about 3.6% of the total fuel consumption was
estimated to be saved.

Economic analysis indicated that the installation of the exhaust heat recovery equipment was feasible
to save the energy, because the capital reocvery period was only 10 months when the fuel consump-
tion rate was 80 L/15min. 4 months when it was 160 L/15min.

Based on the theoretical and the experimental analysis, it was estimated to save the energy of about
18 million Won per year, if four heat exchangers are installed in a factory.

A further study is recommended to identify the relationship among the flow rate of the exhaust
gas, the size of the heat exchanger and the capacity of the air preheater. For a maximum heat recovery
from the exhaust gas an automatic control system is required to control the flow rate of the cold

fluid depending on the boiler load.
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Table 1. Specification of the experimental appratus

Items

Type / Model

Capacity / Dimension

Heat Exchanger

Boiler

Pump
Motor

Flow meter

Thermometer

Flue gas analyzer

@ Gas to liquid

@ Two pass cross-counter
flow

(1)

(D Boiler proper . package
water, tabe type

@ Fuel preheater
U-15AS-C

Centrifugal

Three phase induction

Oval flow pet

Mercury in-glass (GTL)
Bimetal

Orsat apparatus

Heat transfer area=37.8m'

12ton/hr
12kg / cnf
1410kg—heavy oil/hr
Heat temp. =30~90T
3 HPX15tXx0.6m' /min, X9.2m X1740rpm
3Hp.220/380V.9/5A.60Hz.4 P.
1710rpm.n =79%
F.150~4000£ /hr, size=40m/m
max. pressure=10kg / cni
max. temp, =100
0~200TC
0 ~500°C
CQO; absorber : KOH 30% liquid

O, absorber : pyrogarol-acid and solution of
potsssium hydroxide

CO absorber : CUz

© weter teeder

@ condensate return
@ heat recovery squip
@ alr preheater

® tue

® blower

@ bolier

@ ® ®

& RISt & BRBSY UFR SHA BALK
RO P ERES WES) Bete ohest 2
& MEEs pESE 1 opE ¥ AEHES o

St 7ok

st

(Il

© tuet prenester
@® steam hesder
© process

d Pump

@ thermometer

® Howmater

X valve
Z check valve

Fig. 3. Heat circuit diagram of the boiler system
including the exhaust heat recovery equi-

pment.

Table 2, Composition

and properties of Bunker-C Fuel
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B G2 Tyl BHAE BES Wi (Table 2,)
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Item Content (%) Content or properties
Carbon 84. 36 Water 0.10%
Hydrogen 11. 00 Plaster 0.02%
Nitrogen - Higher heat value 10. 390kcal/ke
Sulphur 3.5 Specific weight Be’ 17.9
Oxygen 1.02 Ignition point 92T
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Table 3. The result of flue gas analysis

Item Co(l:l/t(j\)m Air ratio
CO, 12 _ /0.79
MmN, 70,79 [02 0.21-0.5 (CO/0.21))
0, 3.5
co 0
- r
N, 8.5 1.185
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Fig. 4. The inlet and the outlet temperature of the cold fluid related to boiler load time
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Fig. 5(a). The inlet and the outlet temperature of the flue gas related to boiler load time
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Fig. 6. Heat transfered between the flue gas and the water related to boiler load time
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‘Fig.7. The relationshﬁ: between the fuel consum-

ption rate and the rate of heat transfer
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Fig. 8(a). The efficiency and the effectiveness of the heat exchanger as function of fuel
consumption rate
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Fig. 8(b). The efficiency and the effectiveness ef the heat exchanger related te boiler load time
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Table 4. Capital recovery period

. Present New investme-
Item Details
(won/yr) nt {(won)
First cost (Mi}) 4 Heat Exchangers 6, 025, 000
Annual operating and | @) Pump operating expense ( 3 Hp) 872, 000
maintenance cost @ Other expenses are covered with existing
facilities
) Interest (rate 18% /vear) 1, 084, 500

Capital expenses

Depreciation cost (straight-line method)

Bunker-C oil
Fuel saving income |(price =190.61 won/ ¢, annual consumption

=2 66X 10°¢/82'yr) 18, 250, 000
Neet =3.6% (at F=142¢/15mins) |

All amounts are placed on a present worth basis capital recovery period, Yr is

Yp= Net investment 6,025, 000

“Tncome including interest 18,250, 000— (872 000+1,084,500)
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Fig. 9. Relationship between the duration of the
capital recovery and the fuel consumption
rate
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