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ABSTRACT This study examined steam generation using waste energy to generate high temperature steam for hydrogen production.

For this purpose, a superheater capable of obtaining high temperature steam was designed and tested. The system using superheater
was tested under selected conditions for hydrogen production and could generate high temperature steam at 700°C. In this test, the
effects of inner heat transfer in the superheater is very important because it is operated at high temperature. Therefore, the system must
be considered surface roughness affecting the heat flux of steam because this method can use the heat transfer area of the superheater.
As a result, the surface roughness was calculated according to the performance parameters of s superheater based on the steam
production experiment data. In the future, the characteristics will be recognized so that they can be applied the system when the
large-scale of high-temperature steam generation system using a superheater is designed under the same conditions.
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Nomenclature

A : area of superheater, m’
D : inlet diameter of superheater, m
d :relative Roughness

e :surface Roughness, m
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: friction factor

: heat transfer, W/(m”-K)

: conductivity of the material, W/(m-K)

: length of superheater

: viscosity of steam, kg/m-s

: nutsselt number of Gnielinski correlation
: pressure, bar.abs

: prandtl number

: heat transfer rate, W

Re:

reynolds number

: density, kg/m3
: overall heat transfer coefficient, W/(m2 -K)

: velocity of steam, m/s
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subscript

AP :inlet and outlet pressure drop of superheater
AT, :log mean temperature difference

fp :friction factor of Darcy correlation

fe :friction factor of Gnielinski correlation

h;  :heat transfer coefficient of steam

h : heat transfer coefficient of gas

SRF : solid refuse fuel
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Fig. 2. The Schematics of performance test system for high temperature steam generation
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Table 1. The specifications of the system
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Specification Value Units

Steam boiler 40 kg/h

Burner (LNG) 186 kW/h

Mass flow meter (steam) 14.7 bar.a

Pressure reducing valve 1~7 bar. a

Table 2. The Specifications of the sensor
Specification Value Units Accuracy

K—type thermocouple | 0~1,200 C +0.1C
Pressure transmitter 1~10 bar. a +0.1%

Table 3. The test results of steam and gas (at steam flow

rate : 40 kg/h)

Superheater Furnace
Inlet Outlet inlet | Outlet
Temp, Pres. Temp, Pres. o
. . T C
(€1 | taral | [C | Dara) | oL
139,97 3.40 775,44 3.02 900,53 ‘ 628,58

0.6 *Operating condition
Superheater inlet conditions: 140°C, 3.4bar.abs
__ 0.5 Superheater outlet temp.: above 700°C
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Fig. 3. The variation of pressure drop according to steam
flow rate
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0.00100 *Operating condition
Superheater inlet temp.: 140°C, 3.4bar.abs

_ 0.00095- Superheater outlet temp.: above 700°C
é Steam flow rate: 40kg/h
= 0.00090 =
H a"
; 0.00085 -
= 0.00080 n
3
& [ ]

0.00075 1

]

0.0182 0.0184 0.0186 0.0188 0.0190 0.0192
Friction factor

Fig. 4. The variation of relative roughness according to
friction factor
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*Operating condition

0.304 Superheater inlet temp.: 140°C, 3.4bar.abs
Superheater outlet temp.: above 700°C
Steam flow rate: 40kg/h

Experimental data
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Fig. 5. The variation of relative roughness according to
pressure drop

0.0000025 - *Operating condition
Superheater inlet temp.: 140°C, 3.4bar.abs
0.0000020 Superheater outlet temp.: above 700°C
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Fig. 6. The variation of relative roughness according to Inner
diameter of superheater
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Fig. 7. The variation of friction factor and relative roughness
according to reynolds number
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Fig. 8. The experimental data on Moody chart
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