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Application of a Large Scale Heat Pipe System to Preheating the
Fuel Gas of Low Heating Value

Heung Soo Park, Kap Jong Riu, Jin Ho Lee and Yong Kuk Lee

Key Words: Separate Heat Pipe(%]% 3| Ex}o]X), Heat Exchanger(Z2 7)), Fuel Gas(@&7}
2:), Waste Heat Recovery(®] € 3 <), Boiler(2 9 &), BFG(LLZ7}2)

Abstract

A separate heat pipe system capacity of 3,700kW has been developed and applied to preheating the
blast furnace gas for recovery of the waste heat from boiler. The systern is designed to preheat the
blast furnace gas up to 126C by using the boiler exhaust gas of which temperature is 1807 ~220°C.
The arrangement of the fin tubes as well as the shape of the fin has been carefully determined to
minimize the fouling problems. The heat pipe system was found to be stable in circulation of the
working fluid and the range of the temperature variation of the preheated blast furnace gas was within
10C. It was proved through a long-term test that the selected tube arrangement and the shape of the
fins are proper to prevent the fouling problems and that the pay-back period of the system is within
one year.
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Table 1 Properties of the blast furnace gas.

Compostion CO: 20%, CO2: 20.7%, Ha: 3.3%,
(vol. %) N2: 54.1%, Others: 2%

Density 1.35~1.38 kg/Nm’

Low heating 3

value 750 kcal/Nm

Combustion 3 Toend

air amount 0.6 Nm’/Nm"fuel

Exhaust gas 3 e d

amount 1.5 Nm"/Nmfuel

Dust content | 10 mg/Nm’

Water content| saturated
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Table 2 Flow rate of fuels for the design of

heat exchanger.
Fuel Flow rate Ratio of heat input
BFG | 90,000 Nm'/hr 70.2%
C-oil 1,800 Vhr 18.3%
LDG | 5,000 Nm’/hr 11.5%
COG 0 Nm’/hr 0 %
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Fig. 2 Flow chart for the design of the separate
heat pipe system.
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Table 3 Results of the thermal design of the separate

heat pipe system.
Item Hot fluid Cold fluid
Fluid Flue gas Blast gﬁt;mm
Inlet temp. 220TC 20T
Outlet temp. 165C 126
Amount of heat
transfer 3679.41 kW
Working fluid Boiler feed water
Tube
Length 3,300mm 3,300mm
Quantity 845ea 465ea
Material STB35SEG STB35EG
Diameter(outer) 34mm 34mm
Thickness 3.4mm 3.4mm
Pitch(transverse) 91.9mm 91.9mm
Pitch(diagram) 87mm 87mm
Fin
Material SUS304, welded|SUS304, welded
Height 13.3mm 13.3mm, 7.5mm
Thickness 1mm Imm
2.5ea/inch,
Number 4en/inch 4ea/inch
Pressure loss 47.7mmH»0 31.9mmH,0
Vapor line 139.8mm(0OD), 6.6mm(t)
Condensate line 48.6mm(0OD), 3.7mm(t)
Heat trans 2
Feat_transfer 102.8W/m*C

Based on area of evaporator bare tube outer
surface and LMTD -

BOILER STACX

WATER SEAL

Fig. 3 Lay-out of the boiler.
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Flg. 4 Detail of the separate heat pipe gystem.
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Photo. 1 Condenser of the separate heat pipe
system.
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Fig. 5 Temperature variation of the flue gas and
BFG with firing ratio.(Load: 100%, BFG
flow rate: 48,600Nm’/hr~ 111,400Nm’/hr)
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Fig. 6 Temperature variation of BFG ‘with operating
time.(Load: 100%, BFG flow rate:
48,600Nm*/hr ~ 111,400Nm’/hr)
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Fig. 7 Temperature variation of flue gas with
operation time.(Load: 100%, BFG flow
rate: 48,600Nm’/hr ~ 111,400Nm’/hr)
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Fig. 8 Effect of the separate heat pipe system on
fuel saving.(Load: 100%, BFG flow rate:
33,000Nm*/hr ~ 100,300Nm*/hr)
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Fig. 9 Pressure drop across the evaporator and
condenser with BFG flow rate.(Load:100%)
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Fig. 10 Variation of damper opening with BFG
flow rate.(Load: 100%)
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Fig. 11 Variation of the working fluid temperature
with BFG flow rate. (Load: 100%)
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Photo. 2 Surface of the fin tubes after 7 months
operation.
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Fig. 12 Effect of BFG preheating on the thermal
efficiency.
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Table 4 Amount of fuel saving by BFG preheating.

BFG preheating temp. 104C
Efficient increasing ratio 3.3%
Decrease of heat input per kwh 102 keal’kwh
Operating time per year 8206hours
Amount of C-oil saving per year 251 ltons/yr
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