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ABSTRACT

The cooling of hot exhaust gas is an important issue for the construction of combustor test facility.
Water spray is an effective method for exhaust gas cooling due to its large latent heat in process of
evaporation. In this study, 1-D analysis has been performed based on continuity, energy conservation,
and saturated vapor property to understand water spray cooling of combustion gas. In the exhaust
duct of combustor test facility, the injected water decreases combustion gas temperature, and
evaporates in the combustion gas. However, some of the injected water is collected in the sump due
to condensation. The evaporation of water helps combustion gas cooling, but causes pressure increase
inside the exhaust duct due to increase of vapor pressure. These phenomena has been analyzed by
1-D modeling in this study. From 1-D analysis, the adequate mass flow rate of water spray to cool
combustion gas and to avoid excessive pressure rise inside the exhaust duct has been decided.
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H : total enthalpy
P : pressure
T : temperature
W : mass flow rate
Nvap : Vaporization efficiency
st © saturated condition
v ! vapor
w . water
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Fig. 1 Water spray cooling system in combustor
exhaust duct.
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Given values ( conditions for 1-D analysis )
- Combustion air : Py, Tiq, Wyiry
- Cooling water : T, ;, W,,;

® Specific heat ( function of Temperature )
- cp_air,l = f(Tair,l)a c|;\_w,1 = constant

(© Mass flow rate after mixing of air and water
- Nyep = 0.95
- Waira= Waips » Wy5= Nyap Wiz s Wago= (1-Nyap) Way

] — ] Iteration
@ Conservation laws (Continuity, Energy Conservation)
- latent heat considered (for cooling water vaporization)
@T, =Tux=Ty ® P, =Py,
P, = Pain?(TZ) + Pu,z(Tz) P\.',Z =P~ Pair,z(Tz)
WV,E = f(Pv,z)
w2 = Ww,l = Wy
(F) Property of saturated vapor
= Psat,z = f(T,)
No
Yes
(D) Water Spray Cooling 1-D Analysis is done
- Obtain T, (=Tair,2=Tv,2)r P, W\.v,zj Ww,z
Fig. 2 Flow chart of water spray cooling 1-D analysis.
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Exhaust gas temperature after water spray cooling
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b) Mass flow rate of collected water in water tank
after water spray cooling

| |
(1] 5 10 15 20 25 30
Mass flow rate of cooling water (kg/s)

Pressure inside exhaust duct after cooling(bar)

(©) Pressure inside exhaust duct after water spray codling

Fig. 3 Results of water spray cooling 1-D analysis.
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