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TCorresponding author :
chelee@inha.ac.kr Abstract >> Hydrogen is evaluated as one of new energy sources that can over-

. come the limitations and pollution problems of conventional fossil fuels.
gi\clies';zd ig ii?:yazrg;gzo Although hydrogen is free from CO,, attention is required in NOx emission and
Accepted 30 April, 2020 flame stability in order to use hydrogen in existing gas fuel system. This study in-

vestigates the differences in operating characteristics and its problems to be
modified when the hydrogen is used as fuel for existing domestic boilers and new
heat recover boilers with water spray. When the hydrogen is used in domestic
boilers, the efficiency is about 6—7% lower than methane due to higher partial
vapor pressure in the exhaust gas at usual operating conditions above 60C in
combustion chamber outlet temperature. On the other hand, the heat recovery
boiler with water spray (HR-B/WS-X) is expected to achieve up to 95% efficiency,
which is 12% more efficient than conventional boilers. It can also significantly re-
duce NOx emission by lowering the flame temperature.

Key words : Hydrogen boiler(4> X #), Water spray(%& %A}), Heat recovery
boiler(# & 3] 4= B4 &), Chain-block analysis(A| ¢! &= &A1), High
efficiency(3L & &), Low NOx emission(# & 3f)

Nomenclature HR-B/WS : HR-B with Water Spray
Hiny : Higher heating value (kJ/kmol)
Ba-B : Basic Boiler AH, : Used energy (kJ/kmol) .
HR-B : Heat Recovery Boiler n; : Mole number of each species (kmol/h)
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P, B : Pressure, partial pressure (bar)
Q : Relative energy (AHi/Hypy)
: Air ratio

B : Performance index of heat exchanger

Y : Relative humidity (%)
Subscripts

A : Air

C : Combustion chamber

G : (Exhaust) Gas

DA : Dry components in A

DG : Dry components in G

R . Reservoir

\" : Vapor

SV : Saturated Vapor

™ : Total Water

w : Water (liquid)

CwW : Condensed Water

SW : Sprayed Water

X : Heat exchanger

AX . Air side of X

GX : Gas side of X

af : adiabatic flame

dp : dew point

i : inlet

0 : outlet

pr, re : preheated, recovered
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Fig. 1. Proposed HR-B/WS-X system and its chain block struc-
ture for thermodynamic analysis
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Table 2. HR-B/WS-X Operating condition

* Constant conditions
Tr=0°C, pa=pc:1bar
CH, Nsw-xemax = 2.0 kmol/h, Hypy = 2.12:10° keal/kmol
Hy, | Dgwxmax = 0.9 kmol/h, Hyy, = 6.8510* kcal/kmol

* Variable parameters

. Typical
n
Reactant a (nozigm) Nvaxi Unit  |Operable range condition
CH, xty/4 4.76aa y15y(Taxi) a ~ ltol4 11
CH, 2 10.47 0.03 Taxi °C “15t0 15 0
H, 0.5 2.62 0.01 Yaxi % 0to 100 50
5 Yaxo % 0to 100 90
Product oo Ny-GXo Dew-Ro
(ncoxtnoxtnng) Teo(=Taxi) °C 40 to 90 60
CHy x+a(a-1)+3.76ac B . 0.5t0 0.9 0.9
CH4 9.47 Eq. (28) Eq. (32) * Calculated parameters
H 2.12 Taxo = f(B), nsw-x = f(Taxo, Yaxo)> nrw =H(y, Taxi, Yaxi)
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Fig. 4. Thermal efficiency with respect to Tc,
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Fig. 6. Mass and energy flow diagrams for HR-B and HR-B/WS-X
(methane fuel, T¢,=70C)
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(b) HR-B/WS-X(H,)

Fig. 7. Mass and energy diagrams for HR-B/WS-X at optimal
conditions of CHs (Tco=607C) and Hz (Teo= 70C)
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