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Abstract

This paper discusses the thermodynamic study on the suction cooling-steam injected gas turbine
cycle. The aim of this study is to improve the thermal efficiency and the specific output by steam
injection produced ‘by the waste heat from the waste heat recovery boiler and by cooling
compressor inlet air by an ammonia absorption-type suction cooling system. The operating region
of this newly devised cycle depends upon the pinch point limit and the outlet temperature of
refrigerater. The higher steam injection ratio and the lower the evaporating temperature of
refrigerant allow the higher thermal efficiency and the specific output. The optimum pressure
ratios and the steam injection ratios for the maximum thermal efficiency and the specific output
can be found. It is evident that this cycle considered as one of the most effective methods which
can obtain the higher thermal efficiency and the specific output comparing with the conventional
simple cycle and steam injected gas turbine cycle. -
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\' - Table 1. Assumption for the calculation of the design point
‘ performance
3
. s : = 087
injection Cocpressor adiabatic efficiency 0K 8
7 steam \J . .
air ?o e Turbine adiabatic efficiency : nr = 0.89
Combustion efficiency : 7y = 0.98
— VWA 5 [
brine techanical efficiency : na = 0.9
W~ > cooling | Hater pump afficiency : e = 0.9
AK water |
L |
8
== _ __ % 1’19“..5.‘33_9%_ P | Suctjon cooler
air side : nuvs = 0.85
B :Turbine
i ¢ Compressor T : Yurbin: brine side . pm = 0.8]
: Combustor 2: Pump

DK : Waste heat recovery boiler  V :Valve
AK : Absorption ~type refrigerating machine
L : Output W: Suction coolar conbystor : es = 0.02

Fig. 1 Components arrangement of suction cooling- duct : e = 0.01
steam injected gas turbine cycle

Pressure loss rate

suction cooler : eva = 0.03
vaste heat recovery hoiler

gas side : eoxa = 0.03

vater (stean} side emo = 0.03

(K}

Leakage loss rate

g Tsa (Saturation) coopressor . Sx = 0.005
§ Steam/ Water s
: N turbine : - Bv = 0.005
€ o
o
= -
Buperhonier Evaporetor Economizer Yaste heat recovery boiler
1 A ek 1
o 0.2 0.4 0.6 0.8 1.0 vater pusp
Frection hcot Oxchanged trom oxheust gas strcom inlet teaperature : Ty = 288.15 [
Ya: Turbino oxheyst €99 tomporaturo Te: Wator  tomporatur inlet pressure : By = 101,325 Ka
at DK intet at DK inlot

super heater
Y5: Turbine oxhzust gos temparoture T7: Steam exhzust tempora- P

ot DK exit ture at DK exit outlet temperature :Tr=Te-60(°CI K
L. . outlet pressure i Po = 2Py
Fig. 2 Typical temperature variation in waste heat
recovery boiler Aazonia absorption-type refrigerator
Ambient tempurature : To = 273.15, 288.15, 303.15, 318.15 [

Evaporating temperature : Tg = 273.15, 258.15, 243.15, 228.15 K

===— Combuslion gos

| Refrigorant solution Temperature of refrigerant solution 1 Te’ =303.15 K
i % Cooling water at the condenser outlet
| — Al Temperature of strong solution t T4 =303.15 1
! — -~ Strong ammonia solution at the absorber outlet
L ~ ==~ Wakenod ammonia solution Tewperature of weakened solution : To’ = 373.15 K
- Rotrigerant gas at the generator outlet
Brine Density of refrigerant vapour €1 = 99.51
at the dephlegmeter outlet
Density difference between strong A8 =103
§ : roctiticator P pump solution and veakened solution
HE : heat axchangar W : suction cootor Condensing pressure i Pc =0.3~1.2HP
A : absorber Vi : oxpansion valve
E : ovaporator Va : control valve Evaporating pressure in the evaporator : Pz = 0.05 ~ 0.3 HPa
w C : condonser
G : gonarator Temperature of strong solution : Ts” = 350.15 ~ 352.15
D : dephlagmatar at the beat exchanger outlet
b Temperature of weakened solution Ty’ =320.15 ~ 324.15 &
Fig. 3 hematic cycle arrangement of absorption- at the heat exchanger outlet
g Se t e angeme absorp Brine( CaCl 29.92) mass flov rste ¢ Gb = 0.039 kg/s

type refrigerating machine
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Fig. 4 Relation of the evaporating temperature and
the coefficient of performance for the single
stage absorption-type refrigerating machine
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Fig. 5 Effect of turbine inlet temperature on operat-
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