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chelee@inha.ac.kr Abstract >> Hydrogen is evaluated as one of the new energy sources that can

' overcome the limitations and pollution problems of conventional fossil fuels.
gzszgzd ;2 mtvmjfézi Although hydrogen is CO.-free, attention is required in NO, emission and flame
Accepted 16 December, 2021  Stability in order to use hydrogen in existing gas fuel system. However, use of

electric grids is an unrealistic strategy for decarbonization for residential and
commercial heating. Instead, use of H, that utilizes city gas grid is suggested as
a reasonable alternative in terms of compatibility with existing systems, econom-
ic feasibility, and accessibility. In this study, the thermal efficiency and NOy per-
formance of the boiler according to the H, mixture ratio and vapor humidified ra-
tio are reviewed for a humidified NG-Hz boiler that vapor humidity to combustion
air. Mixed fuel with H,(20%) is almost similar to NG in terms of efficiency, flame
temperature, and pollution performance. Thus, it is expected to be directly com-
patible with the existing NG system. If the exhaust temperature of the H, boiler
is lowered to around 60°C at a humidified ratio of 15-20%, the NO, emission con-
centration can be suppressed to about 5-10 ppm. The level of efficiency reaches
87% of the rated load efficiency, which is equivalent to the highest grade
achievable.
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574 & R A NG-H, T4 w2 € 2 33 45
Nomenclature

AH Difference in energy (H[T,]—-H[T,])

H : Standard enthalpy of i species (kJ/kmol)

n; Molecule number of i species (kmol/hr)

Qi Relative heat ratio (AH./AH,, 100, %)

hesr Effective heat transfer coefficient

a Heat transfer rate

Tyt Standard temperature (273.15 K)

@ Air ratio

i Efficiency (%)

A H, volume ratio of mixed fuel

N Vapor humidified ratio (n,/n,)
Subscripts

Ba-B Basic boiler

Hu-B Humidified boiler

A Air

B Boiler

G Exhaust gas

DA Dry air

DG Dry exhaust gas

CW Condensed water

SV Saturated vapor

HEX Heat exchanger

\'% Vapor

SW Supply water

af Adiabatic flame

dp Dew point

™ Return water

It Limit temperature

hw Hot water

hhv Higher heating value

i Inlet

0 Outlet

u Used
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Fig. 1. Schematic diagrams of the vapor humidified boiler.
Vapor heat exchanger is inserted between the sensible and
condensing heat exchangers of the basic boiler
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Table 1. Operating conditions for the constant and variable pa-
rameters of the NG-H; boilers

Constant condition
H, H,, Hin=6.85- 10" keal/kmol

C.H, (x=1.135, y=4.27),
NG Hyn=2.35-10° keal/kmol
(CH4 89%, CzHGZ 9%, C}Hg . 1.5%, C4H1()Z 05%)

T=0°C, T=0°C

Pa=pc=1 bar,

Variable parameters

Unit Operable range
0-1

1-1.7

% 0-20

°C 30-80

DI | >

i
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Fig. 2. One-dimensional model combustor to simulate real
combustion chamber
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Fig. 3. Species and temperature profile in one-dimensional
model combustor
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Fig. 4. Comparison of NOx (a) and CO (b) emission concen-
trations between real boiler combustor and one-D model com-
bustor
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Fig. 5. Adiabatic flame temperature with respect to air ratio for
the NG-H; boilers

Table 2. Information on input and output flow rates for 24 kW domestic boilers with the kind of fuels

H\lzillfé ?:Iatn)lg Fuel flow rate Air flow rate Exhaust gas flow hﬁ?ltilt;ein Dew point (°0)
hhy.
(kcal/kmol) (kmol/h) (kmol/h) rate (kmol/h) exhaust gas (%)
235:10° 0.095 1.30
NG (10,500 kcal/m’) (2.13 m’/h) (26.77 m’/h) (29.04 m’/h) 1564 3495
NG-H, 2.02:10° 0.111 1.29 16.46 56.00
0 , cal/m 49 m 45 m 82 m
20% 9,012 keal/m’® 249 m’/h 26.45 m’/h 28.82 m’/h : i
6.85-10° 0.328 0.94 1.10
H (3,061 kcal/m®) (7.35 m’/h) (20.98 m’/h) (24.66 m’/h) 2980 69.04
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Fig. 6. NOy (a) and CO (b) emission concentration obtained by
one-D model analysis for the NG-H, boilers
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